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■ 

PALiEONTOLOGY.* — The  doctrine  of  ancient  organic  bodies,  or  the  natural 
history  of  the  earth  at  sucoessire  epochs  of  its  former  existence. 

In  the  article  '  Geology  *  it  has  been  shown  that  the  study  of  the  mineral  crust  of 
the  earth  brings  before  an  observer  subjects  of  the  greatest  interest  in  the  proofs 
which  it  unfolds  of  the  existence  of  successive  races  cf  organic  beings,  and  of  the 
important  share  which  the  relics  of  such  organisms  had  in  the  formation  of  that 
omst. 

The  great  result  of  such  inquiries  is — that  at  suocessive  epochs  new  assemblages 
of  vegetables  and  animals  appear  to  have  clothed  and  peopled  the  earth,  and  that 
there  must  have  been  at  each  past  epoch,  as  there  is  in  the  present,  a  due  relation 
between  the  physical  condition  of  the  earth's  surface  and  the  vital  necessities  of  the 
beings  living  upon  it.  The  great  practical  deduction  is  this, — that,  as  the  existence  of 
certain  assemblages  of  organic  beings  must  have  depended  on  the  physical  conditions 
of  the  earth's  surface  at  the  time  of  their  existence,  the  discovery  of  their  relics  in  the 
strata  of  the  earth  indicates  the  contemporaneous  condition  of  its  surface,  and  either 
encourages  or  discourages  the  hope  of  discovering  the  relics  of  other  organisms. 

It  is  thus  that  the  Fossils  of  the  Carboniferous,  Triasic,  Oolitic,  or  Cretaceous 
Periods,  when  found  in  any  strata,  lead  us  to  search  for  other  substances  which  have 
been  found  elsewhere  associated  with  them  ;  and  they  thereby  become  practical  and 
economic  agents  of  the  highest  importance.  When  therefore  it  is  said  that  coal  may 
be  expected  in  the  Carboniferous  strata,  nothing  more  is  affirmed  than  this, — that  the 
conditions  of  the  surface  were  at  that  epoch  favourable  to  the  accumulation  of  those 
vegetable  remains  which  have  subsequently,  by  fossilizing  agencies,  been  converted 
into  coal. 

The  study,  then,  of  Fossils  is  intimately  connected  with  that  of  ordinary  Natural 
History  ;  and  when  the  magnitude  of  its  researches,  extending  as  they  do  to  epochs  so 
remote  that  we  cannot  measure  their  antiquity,  is  considered,  the  student  will  no 
longer  be  surprised  to  find  that  it  has  become  a  distinct  science  under  the  designa- 
tion of  PalsBontology.  This  study  exhibits  to  us  a  variety  of  new  and  strange  forms, 
both  in  the  animal  and  vegetable  kingdoms,  which  have  long  since  been  either  greatly 
modified  or  have  passed  away :  and  it  also  proves  that  at  successive  epochs  the 
assemblages  of  organic  beings  have  been  totally  different  in  their  specific  characters 
from  those  now  living,  though  in  no  instance  created  on  principles  of  life  different 
from  those  developed  in  existing  organisms.  A  discovery  so  remarkable  naturally  led 
to  the  opinion  that  whole  races  of  animals  and  plants  had  been  bwept  away  at  suc- 
cessive epochs,  and  their  places  supplied  by  others  newly  created.     This  idea  was 
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aooompanied  by  another  eqaaUy  plaoaible ;  namely,  that  a  certain  elevation  in  the 
standard  of  creation  was  perceptible  from  the  earliest  formations  onwards  to  the  more 
recent,  when  Man,  as  the  most  highly  organised  of  the  animal  creation,  was  introduced. 
These  fayourite  ideas  are  now  giving  way,  and  Pal«ontologiBts  are  more  disposed  to 
regard  organic  creation  as  one  great  whole,  and  what  appear  to  be  new  species,  and 
even  new  genera,  to  be  merely  the  results  of  such  modifications  as  time  and  the 
changes  in  the  physical  conditions  of  the  earth  may  have  worked  on  the  first  created 
animals  and  plants.  The  value  of  Palseontology  in  reference  to  Geology  remains, 
however,  unaffected  by  this  alteration  of  opinion,  as  successive  formations  are  equally 
characterised  by  different  animal  and  vegetable  forms,  whether  they  are  looked 
upon  as  new  creations,  or  as  mere  varieties  of  old. 

Some  of  the  results  which  may  be  derived  from  this  fact  were  ably  set  forth  in  the 
tables  of  Bronn's  'Index  Palsontologicos,'  made  known  to  English  readers  by 
Professor  John  NichoU.  Before  referring  to  them,  the  following  explanatory  Table  of 
Formations  may  be  extracted  from  his  work  : — 


I.  Carboniferous 
Period. 


(  a.  Lower  Silurian. 
b.  dpper  Silorian. 
€,  Devonian. 

d.  Mountain  Limestone. 

e.  Coal  Formation. 
/.  Lower  New  Bed  Sandstone. 
ff.  Zechstein. 


II.  Trias  Period.  / 


^  h.  Si.  Cassian  Beds. 
i.   Variegated  Sandstone. 


ui.  Oolite  Period. 


IV.  Cretaceous 
Period.        |    J 


h  Muschelkalk. 
L   Keuper. 

m.  Lias. 

n.  Oolite. 

0.  Eimmeridge  Clay. 

p.  Wealden. 

I    q.  Neocomien. 
r.   Greensand. 


Chalk. 


V.  Tertiary  Pe- 
riod. 


8,   Nummulite  Formation. 
t.   Caleaire  greasier. 
K.  Middle  Tertiary. 
V.  Molasse. 
10.  Upper  Tertiary. 
X,  Diluvial 


i.~v. 


y.  All  fossil  species  together. 
2.    Living. 


In  this  preparatory  Table  it  will  be  observed  that  the  Carboniferous  Period  is  made  to 
include  as  sub-sections  the  Silurian  and  Devonian  below,  and  the  Lower  New  Bed  Sand- 
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stone  and  Zechstein  abore  the  ordinary  Carboniferons  formation.  Doubtless  this  arrange- 
ment depends  on  two  principles  :  first,  that  judging  from  the  analogy  of  the  world  as  it 
exists,  evidenoe  of  the  existence  of  land  onght  to  be  accompanied  by  those  of  matore 
action  nnder  all  its  Tarieties ;  and  secondly,  that  there  is  a  sufficient  gradation  between 
the  organisms  of  these  sereral  sections  to  warrant  their  formation  into  one  whole. 

The  object  in  referring  to  the  Tables  being  in  this  Essay  a  practical  one,  many  of 
the  specolatiye  reasonings  which  might  be  founded  upon  them  will  not  be  brought 
forward  in  a  detailed  manner.  It  is  right,  howeyer,  to  allude  to  some  of  them  before 
submitting  the  Tables  for  oonsideration.  The  duration  of  species  is  a  subject  of  great 
interest,  whether  viewed  as  a  geological  or  as  a  zoological  question.  It  is  known 
to  us  as  a  fact  dependent  on  a  great  Law  of  Nature,  that  each  individual  has  an 
average  duration  of  existonoe,  varying  in  extent  with  different  species ;  but  it  has  been 
asked  whether  species  also  have  or  have  not  a  definite  duration  of  existence — 
whether,  in  short,  a  species  would  continue  to  exist  for  an  indefinite  time,  unless  cut 
short  by  some  alteration  in  the  conditions  of  those  natural  forces  to  the  influences  of 
which  it  is  exposed.  If  species  have  a  limited  existence,  they  must  necessarily  die 
out,  independently  of  cosmical  changes,  unless  those  changes  have  been  so  regulated 
as  to  correspond  with  the  exact  duration  of  a  species,  assuming  that  the  lives  of  all 
species  are  uniform  in  duration.  And  still  more  certainly  must  the  disappearance  or 
death  of  species  be  partially  independent  of  such  changes,  when  it  is  assumed  that 
the  duration  of  their  lives  is  variable. 

To  determine  the  question  of  a  fixed  duration  of  life  of  species  from  the  existing 
creation  is  almost  impossible,  as  it  requires  a  knowledge  of  the  past  as  well  as  of  the 
present,  to  an  extent  which  has  not  yet  been  attained.  It  is  indeed  known  that  some 
species  have  disappeared  within  the  range  of  historic  relation,  but  as  most  of  these 
have  fiedlen  under  the  destructive  agencies  of  Man,  they  are  not  normal,  but  rather 
abnormal  evente.  (Geology,  however,  maf  be  expected  to  aid  in  solving  such  a 
question,  as  it  scte  before  us  the  records  of  the  most  remote  past  with  a  distinctness 
equal  to  those  of  the  days  only  just  gone  by. 

The  first  belief  of  the  Palasontologist  was  assuredly  that  the  species  of  every  geolo- 
gical formation  were  peculiar  to  it  alone,  but  [the  most  warn^^  advocates  of  such  a 
theory  have  gradually  so  far  modified  their  views  as  to  admit  that  some  few  species  have 
occasionally  lived  beyond  the  termination  of  one  formation,  aod  passed  into  another. 
Broun  has  estimated  the  proportional  number  which  have  thus  escaped  destruction  at 
*12,  and  has  estimated,  therefore,  the  average  duration  of  life  in  species  at  1  *12  a 
formation.  It  is  manifest  that  this  can  only  be  received  as  the  expression  of  a  fiftct, 
namely,  that  species  have  on  an  average  lived  1*12  formation,  not  as  a  proof  that 
the  natural  life  of  a  species,  or,  at  least,  of  its  maintenance  of  the  same  form  of  indi- 
viduality, was  limited  to  that  extent  of  duration.  When  in  this  manner  species  have 
survived  the  great  cosmical  changes  which  destroyed  the  great  mass  of  organic  beings 
co-existent  with  them  in  a  previous  formation,  have  continued  to  live  with  undi- 
minished vigour  in  a  second  formation,  and  have  at  length  died  away  in  the  heart  of 
that  formation,  it  may  fairly  be  presumed  that  they  have  disappeared  in  conformity 
with  a  Law  of  Nature  which  limite  the  duration  of  each  species,  or  ite  continuance  in 
some  particular  form,  to  some  definite  period.  The  scientific  interest  of  this  result 
renders  the  rigorous  examination  of  all  those  species  which  are  considered  common  to 
more  than  one  formation  most  desirable  ;  and  in  deciding  on  the  question  the 
FaI»ontologist  should  remember  that  colour,  so  important  a  character  in  recent 
objecto,  is  deficient  in  those  he  is  called  upon  to  examine. 
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6  PALJBONTOLOOY. 

The  Table  here  printed  is  one  out  of  five  which  were  quoted  in  the  first  Edition. 
Short  as  the  time  has  been  since  their  publication,  new  dlscoTeries  have  materialiy 
modified  their  results,  and  it  is  necessary  to  point  out  the  difficulties  which  are  in- 
herent in  such  calculations. 

It  is  with  the  present  creation  that  we  desire  to  compare  the  creation  of  each  sue- 
eessiTO  epoch  ;  but  as  yet  the  examination  of  existing  organisms  is  imperfect.  Cuvier 
belieyed  that  the  surface  of  the  earth  had  been  so  well  explored,  that  there  was  little 
hope  of  many  new  species  of  large  animals  being  discovered  ;  but  though  it  lb  true  that 
many  very  large  species  have  not  been  found,  the  lists  of  Mammalia,  the  highest  class 
of  animals,  hare  been  extended,  since  1829,  from  800  to  more  than  2000  species. 
The  Birds  have  nerer  been  completely  described,  and  the  works  on  Fishes  have  yet  to 
be  finished.  Count  Dejean  has  about  30,000  species  of  Coleoptera  alone  in  his  collec- 
tion,— a  number  which  is  so  greatly  disproportionate  to  that  of  the  species  of  other 
orders  of  insects  in  his  collection,  although  in  nature  they  are  known  to  be  in  nearly 
equal  proportion,  as  to  indicate  the  still  imperfect  state  of  our  knowledge  as  to  the 
totality  of  insects.  And  can  it  be  doubted  that,  were  the  inquiry  extended  to  every 
branch  of  the  animal  and  yegetable  kingdoms,  the  imperfection  of  our  knowledge, 
•▼en  of  the  present  creation,  would  become  still  more  manifest,  and  it  will  be  felt 
that  the  proportion  between  the  Fossil  and  recent  species  given  in  the  Table,  can  only 
be  considered  an  approximation  to  the  truth. 

But  there  is  another  difficulty  which  should  be  kept  in  view  in  comparisons  between 
the  past  and  present  creations.  In  investigating  the  present  conditions  of  organic 
and  inorganic  existence,  the  inquiry  is  extended  laterally  over  the  surface  of  the  earth, 
and,  as  it  proceeds,  adds  continually  to  the  amount  of  facts  which  are  all  related  to 
the  one  history,  namely,  that  of  the  earth  in  its  present  state.  How  different  is  the 
course  of  inquiry  when  directed  to  the  investigation  of  any  former  condition  of  the 
earth  I  It  is  then  extended  laterally  only  in  a  very  imperfect  and  interrupted  manner, 
as  the  outcroppings  of  a  formation  which  was  once  the  surfi^e  of  the  earth  appear 
only  here  and  there,  the  greater  portion  of  it  having  been  thrown  down  by  internal 
convulsions  of  the  earth,  and  buried  under  the  matter  of  succeeding  epochs.  When, 
therefore,  the  Table  states  that  514  species  of  animals  have  been  discovered  in  the 
lower  Silurian,  910  in  the  upper  Silurian,  lill  in  the  Devonian,  1180  in  the  Moun- 
tain limestone,  242  in  the  Coal  Formation,  and  24  in  the  lower  New  Red  Sandstone, 
and  164  in  the  Zechstein,  whilst  in  the  existing  period  101,745  species  have  been 
described,  it  would  be  erroneous  to  conclude  that  the  earth  of  the  lower  Silurian 
epoch  only  supported  the  y^th  part  of  the  number  of  animals  supported  by  the  present 
earth,  and  the  lower  New  Bed  Sandstone  less  than  the  j^th  part.  On  the  contrary, 
if  the  very  limited  extent  of  those  portions  of  the  earth^s  sur£Me  of  these  epochs  sub- 
mitted to  our  observation  be  taken  into  consideration,  we  shall  have  reason  to  feel 
surprise  at  the  number  of  species  known  to  us ;  and  when  we  further  consider  the 
numbers  of  individuals  found  in  some  fossil  localities,  we  shall  doubtless  adopt  a  far 
higher  estimate  of  the  extent  of  organic  existences  in  those  remote  epochs.  If,  indeed, 
the  number  of  species  found  in  any  geological  formation  were  compared  with  the 
extent  of  surface  of  that  formation  known,  the  estimate  would  probably  in  some  cases 
rather  exceed  than  &11  short  of  the  numbers  of  existing  organisms  :  for  example,  if  it 
were  assumed  that  ^th  part  of  the  surface  of  the  earth  at  the  Cretaceous  epoch  had 
alone  been  examined, — an  area  surely  very  much  beyond  the  true  proportion, — the 
total  number  of  animals  might  be  estimated  at  nearly  half  as  much  more  than  the 
number  at  present  living. 

But  there  is  another  important  difference  in  the  mode  of  investigation.  We  know 
the  animalsgand  vegetables  of  the  present  creation  by  the  study,  with  a  few  excep- 
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tiona,  of  liviog  indiridaals ;  vre  know  those  of  past  creations  by  the  study  of  their 
dead  exuTis ;  and  in  this  difference  is  found  an  ample  explanation  of  the  absence 
from  fossil  faiin89  and  florsB  of  a  multitude  of  genera,  which,  from  the  perishable 
character  of  their  substance,  cannot  be  expected  to  leave  any  permanent  relics  behind 
them.  The  natural  habitat  of  most  fossil  species  indicates  the  necessity  of  caution 
in  reasoning  on  an  imperfect  fauna,  which  in  our  opinion  ought  not  to  be  ascribed  to 
the  absence  of  certain  classes  of  animals  in  the  fossil  epochs,  but  rather  to  the  impro- 
hability  of  finding  their  relics  in  deposits  such  as  those  we  examine. 

A  Tery  limited  local  deposit  of  the  Oolitic  period,  the  Stonesfield  slate,  gare  to  light 
three  species  of  the  B£arsupial  order,  an  order  now  of  very  limited  distribution,  and 
thereby  brought  into  strange  connection  the  fauna  of  that  remote  epoch  with  the 
existing  £auna  of  Australia.  If  the  minute  patch  which  produced  so  great  a  scientific 
treasure  be  compared  with  the  whole  extent  of  the  Oolitic  formations  already  known 
and  studied,  how  small  will  appear  the  chance  that  such  a  discovery  should  ever  have 
been  made ;  and  yet  this  &ct  is  sufficient  to  demonstrate  the  truth,  that  warm- 
blooded Mammals  of  the  BCarsupial  order  did  exist  at  the  Oolitic  period  ;  and  as  the 
genera  belong  to  the  insectivorous  type  of  the  order,  the  fact  proved  in  anticipation 
that  insects  must  also  have  existed :  and  this  deduction  has  been  oonfirmed  by  the 
discovery  of  their  relics  in  the  Oolitic  strata.  Nor  is  this  all ;  for  with  Professor 
Owen  we  must  also  assume,  that  the  existence  of  small  quick-breeding  Marsupials  of 
an  insectivorous  type  justifies  us  in  believing  that  the  other  types  of  that  great  order 
existed  also,  and  that  the  harmonies  of  animal  life  were  maintained  then  as  now. 
Can  it,  for  instance,  be  doubted  that  the  large  carnivorous  Marsupials  were  then  in 
existence,  to  prey  upon  the  small  and  quickly  multiplying  insectivorous  species  f 
Buoh  are  the  remarkable  truths  brought  home  to  our  convictions  by  the  accidental  and 
almost  improbable  discovery  of  a  few  fossil  fragments,  and  which  would  have  remained 
unknown  had  not  that  discovery  been  made. 

It  will  be  observed  that  the  author  of  the  '  Index  Paleontologicus '  carries  back 
the  existence  of  Mammals  to  the  Eeuper  or  newer  member  of  the  Trias ;  and  Pro- 
fessor Owen  admits  traces  of  Mammalia  and  foot-prints  of  Birds  at  that  period ;  it 
cannot  therefore  be  said  that  no  Mammals  existed  in  the  Cretaceous  epoch,  but  rather 
that  the  same  fortunate  chance  which  gave^  as  it  were,  a  glimpse  at  this  higher 
member  of  the  fauna  of  the  Oolites  is  only  wanting  to  display  to  us  animals  of  equally 
high  organisation  in  the  Chalk.  It  is  thus  that  the  fauna  of  each  of  these  remote 
epochs  may  be  built  up, — speculatively,  it  is  true,  but  yet  reasonably, — from  often 
isolated  individuals,  just  as  in  the  hands  of  the  great  Cuvier  the  whole  body  of  an 
extinct  animal  was  first  restored  from  the  examination  of  a  few  of  its  fragments. 

The  caution  necessary  in  deducing  a  too  general  determination  of  the  absolute 
organic  condition  of  the  earth  at  each  geological  epoch  will  be  further  illustrated  as  we 
proceed  with  those  more  partial  comparisons  which  are  clearly  within  the  power  of  the 
(Geologist,  and  which  will  be  here  commenced  by  an  examination  of  Table  I. 

1.  Carboniferous  Period. — The  two  great  divisions  of  the  Silurian  system  are 
characterised  in  this  list  by  an  absence  of  vegetable  fossils ;  and  though  this  defi- 
ciency may  in  part  be  accounted  for  by  the  metamorphic  condition  of  a  large  portion 
of  the  strata,  and  cannot  be  admitted  as  a  proof  that  no  land  plants  existed,  it  cer- 
tainly justifies  the  Geologist  in  assuming  that  these  deposits  were  essentially  marine, 
whilst  the  character  of  their  fossils  indicates  some  curious  peculiarities  in  their  dis- 
tribution.  Taking  for  example  the  upper  Silurian,  in  which  the  fossils  are  more 
largely  developed,  the  jehole  number  of  animals  already  known  is  stated  to  be  910,  or 
compared  with  the  leduce*!  number,  27,045,  about  ^th  of  the  number  now  living, 
whilst  in  some  of  the  great  classes  the  proportion  is  very  different,     {n  the  Phytosoa 
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or  plant-like  animals,  the  proportion  of  upper  Silurian  to  the  recent,  leaying  out 
Entoioa  and  Acalephaa,  is  ^;th  ;  in  the  Malaoosoa  it  is  about  ^th  ;  but  this  yery  low 
proportion  may  be  readily  aooounted  for  by  the  great  number  of  land  and  fresh -water 
Testaeea  which  form  part  of  the  total  of  recent  animals.  I^  indeed,  special  classes  of 
this  diyision  be  selected,  the  proportion  assumes  a  totally  different  aspect ;  as,  for 
instance,  the  Brachlopoda  amount  to  148  species,  or  three  times  the  number  of  living 
species,  and  the  Cephalopoda  to  94,  or  about  Jths  of  the  living.  If,  therefore,  the 
whole  of  the  Silurian  world  had  been  fully  investigated,  in  these  two  classes  there 
would  have  doubtless  been  a  vast  preponderance  of  numbers  in  its  favour, — ^a  fact  of 
great  interest,  when  the  high  position  of  the  Cephalopoda  in  the  animal  kingdom  is 
considered. 

In  the  Entomozoa,  from  reasons  already  stated,  the  oomparison  can  only  be  fairly 
made  between  the  fossil  and  recent  Crustacea,  and  the  proportion  of  the  former  to  the 
latter  is  so  high  as  |rd,  whilst  in  the  Entomostraca  the  number  of  fossil  species  is 
nearly  double  that  of  recent.     In  fiiet^  the  Malacostraca  have  not  as  yet  been  noticed 
in  this  ancient  fossil  fiiuna ;  and  this  apparent  de6eiency,  which  occurs,  though  in  a 
less  degree,  in  all  the  formations  except  the  Oolite,  is  very  difficult  of  explanation  ;  but 
in  the  latter  case,  as  in  the  recent  fauna,  the  species  of  Malacostraca  appear  to  have 
increased  just  in  proportion  to  the  diminution  of  those  of  the  Entomostraca,  and  it  is 
therefore  highly  probable  that  the  careful  comparison  of  the  numbers  of  each  in  local 
&un89  of  existing  species  would  afford  a  clue  to  the  laws  which  have  regulated  their 
distribution.     It  may  be  obaerved  that  in  no  other  formation  is  the  number  of  Ento- 
mostraca so  great)  and  that  the  remarkable  family  of  Trilobites  distinguishes  the  Car- 
boniferous epoch  from  all  others,  and  more  especially  serves  as  a  guide  to  the  Silurian, 
to  which  it  has  supplied  a  vast  number  of  genera  and  species, — for  some  of  which,  see 
Geology  Plate  YIII.     The  researches  of  M.  Barrande  have  thrown  additional  light  on 
the  natural  history  of  Trilobites,  and  his  investigation  of  the  (Geology  of  Bohemia  is  a 
striking  illustration  of  their  importance  for  the  determination  of  geological  epochs. 
Iff.  Barrande  describes  no  less  than  129  species  of  Trilobites,  which  it  will  be  observed 
is  more  than  half  of  the  number  recorded  in  Bronn's  Table  ;  so  that  even  by  this  one 
locality  it  may  be  presumed  that  a  large  extension  of  the  Silurian  fauna  has  been 
effected, — a  conclusion  strengthened  by  the  general  total  of  the  Bohemian  fossils, 
which  amounts  to  600  species,  a  number  nearly  equal  to  half  of  that  given  by  Bronn. 
Whilst,  however,   the  number  of  species  of  Trilobites  is  so  great,  there  are  but  few 
identical  with  those  previously  recorded  ;  and  it  is  therefore  from  the  occarrence  of 
such  remarkable  genera  as  Paradoxides,  Battus,  and  Trinucleus,  that  the  identity  of 
formation  Is  determined.    In  some  of  the  sectional  divisions  of  the  Bohemian  strata, 
Trilobites  exist  abundantly,  to  the  comparative  exclusion  of  other  fossils ;  and  this  has 
been  partly  ascribed  to  the  nature  of  the  water,  as  being  assumed  to  be  more  charged 
with  siliceous  matter  than  was  suited  to  the  development  of  MoUusca ;    but  such 
reasoning  appears  to  be  purely  speculative.     At  the  Silurian  epoch,  as  at  the  present, 
the  several  peculiarities  of  the  sea-coast^  its  bays  and  estuaries,  must  have  influenced 
the  character  of  its  organic  inhabitants ;  and  whilst  in  muddy  bays  and  seas  giving 
rise  to  the  geological  formation  of  slates,  multitudes  of  Crustacea  may  have  lived, 
there  can  be  no  doubt  that  Cephalopoda  and  Mollusca  were  equally  flourishing  in 
other  portions  of  the  same  sea,  where  the  physical  conditions  were  more  in  conformity 
with  their  vital  necessities.     The  relics  of  large  Cephalopoda  and  of  many  of  the 
Brachlopoda  would  be  naturally  sought  for  in  those  deposits  which  had  been  formed 
in  the  regions  where  they  peculiarly  existed  ;  and  it  is  therefore  in  deep  sea  deposits, 
or  in  the  massive  limestone  strata,  that  they  are  principally  found.      In  Plate  VIII. 
some  of  them  have  been  figured.     It  may  be  safely  laid  down  as  a  rule,  that  the  occur- 
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rence  of  Trilobites  in  abandanoe  is  strong  presamptiTe  evidence  that  the  strata  belong 
to  the  Silorian  epoch,  and  if  they  can  be  allocated  to  any  of  the  well-knovn  genera 
of  that  formation,  all  difficulty  of  determination  is  remoTed.  In  the  calcareous  de- 
posits, some  of  which  have  doubtless  been  contemporaneous  with  the  slaty,  the 
Cephalopoda,  Brachiopoda,  and  Zoophytes  will  afford  a  due  to  the  identification  of 
the  strata  nearly  equally  decisiye,  though  not  so  easy  and  striking.  The  late  dis- 
coYery  by  Mr.  Salter  of  a  Silurian  Chiton  is  a  remarkable  fiict,  as  tending  still  further 
to  place  the  ancient  fauna  in  harmony  with  the  recent. 

e,  Devonian. — This  formation,  so  remarkable  for  its  sandy,  pebbly,  marly,  and 
schistose  deposits,  occupies  a  transition  place  between  the  Silurian  and  true  Carboni- 
ferous  formations,  and  is  often  therefore  difficult  of  determination.  The  condition  of 
the  Silurian  Crustacea  found  in  this  formation  is  sometimes  such  as  to  indicate  their 
exposure  to  attrition,  and  consequently  to  induce  a  belief  that  they  are  not  bond  fide 
Devonian  fossils.  The  total  number  of  species  of  animals  has  increased  to  1411,  and 
whilst  the  Crustacea,  so  strikingly  characteristic  of  the  Silurian,  have  diminished 
from  257  to  86,  the  gasteropodous  Molluscs  have  risen  from  71  to  246,  and  the 
Cephalopoda  from  94  to  270, — so  as  to  more  nearly  resemble  in  distribution  the  true 
Carboniferous  than  the  Silurian  fauna.  The  Devonian  has,  however,  its  own  peculiar 
characteristic  in  the  richness  of  its  Ichthyology,  though  the  heterocercal  fish  lived  in 
the  upper  Silurian  epoch, — no  less  than  110  species  of  fishes  having  been  recorded  at 
the  date  of  the  Index.  The  local  nature  of  the  marly  or  clayey  beds  in  which  the 
remains  of  fishes  might  be  preserved  renders  it  rarely  possible  to  use  them  for  strati- 
graphical  identifications,  and  dependence  therefore  must  principally  be  placed  on  the 
MoUusca.     (See  Plate  IX.  <  Geology.') 

d.  Mountain  Lim^tone  and  Co<U  Formation, — ^These  two  divisions  constitute  the 
true  Carboniferous  system,  the  two  membera  of  which  exhibit  very  striking  peculiarities. 
In  the  Mountain  Limestone,  the  Brachiopoda  number  no  less  than  199,  many  of  which 
are  strikingly  characteristic,  whilst  the  Coal  strata  have  only  4, — and  generally  the 
MoUusca  in  the  former  number  809,  and  in  the  latter  only  143.  The  great  i>eculiarity 
of  the  Coal  series  is,  however,  the  richness  of  its  flora,  which,  coupled  with  the 
almost  total  absence  of  the  Phytozoa,  and  the  appearance,  for  the  first  time,  of  reptiles 
of  the  Saurian  type  (Archigosaurus  Decheni),  can  leave  little  doubt  on  the  mind  that 
the  conditions  of  deposit  were  very  different  from  those  of  the  Mountain  Limestone. 
The  one  has  every  characteristic  of  a  deep  sea  deposit,  the  other  of  estuary  and  almost 
lacustrine  deposition.  GK>ppert  has  shown  that  the  formation  of  coal  may  be  imitated 
mechanically,  and  has  noticed  this  curious  distinction,  namely,  that  by  operating  on 
the  vegetable  stracture  alone,  substances  analogous  to  the  brown  or  tertiary  coals 
are  produced,  whilst  by  adding  sulphate  of  iron  a  true  coal  is  the  result.  This  dis- 
tinction points  to  a  peculiarity  in  the  vegetables  which  gave  rise  to  the  coal  deposits, 
and  justifies  him  in  his  opinion  that  the  sulphuret  of  iron  so  common  in  the  beds  of 
coal  proceeded  from  the  plants  which  produced  them.  Sigillariie,  Lepidodendra,  and 
Calami  tes  are  characteristic  of  the  true  Coal  formation. 

The  frequent  occurrence  of  the  genus  Cypris  in  the  shales  of  the  Carboniferous 
system  is  also  strongly  illustrative  of  the  manner  of  their  formation. 

/.  g,  Permian  System^  comprising  lower  New  Red  Sandstone  and  Zechstein  or 
Magnesian  Limestone. — This  section  of  the  New  Bed  Sandstone  is  placed  by  Bronn 
in  the  Carboniferous  system,  and  in  this  opinion  many  Geologists  concur,  as  the  fossils 
of  the  Magnesian  Limestone  exhibit  a  great  similarity  of  character,  more  especially 
in  the  occurrence  of  the  genera  Produotus  and  Spirifer.  In  the  marly  beds  of  the 
Sandstone  many  fishes  have  been  found,  and  there  is  still  a  considerable  proportion 
of  plants.    In  the  Magnesian  Limestone  section  the  total  number  of  fossils  is  much 
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Uian  in  the  lower  Bed  Sandstone,  but  whilst  it  has  contributed  seven  times  the 
ummher  of  animals  to  its  fauna,  it  possesses  scarcely  more  than  ooe-half  the  number 
cf  plants.  This  great  difference  is  strongly  marked  in  the  Malacozoa,  the  Magnesian 
liwf stone  baring  produced  94  species,  and  the  Sandstone  only  7  ;  but  there  can  be 
little  deiibt  that  this  absence  of  fossils  from  the  sandy  strata  is  the  result  of  their 
disintegration,  such  deposits  being  peculiarly  unfavourable  to  the  presenration  of 
organic  remains.  Between  the  Mountain  and  the  Magnesian  Limestones  the  Table 
ezhibha  one  very  marked  difference,  namely,  the  abundance  of  Echinodermata  in 
the  former  (some  of  i^liich  have  been  figured  in  the  Plates  to  '  Geology ')  and  their 
eoBperattve  absence  in  the  Magnesian.  The  great  development  in  Bussia  of  this 
geological  section  has  led  to  the  adoption  of  a  distinct  name  for  it, — the  Permian 
sjstem, — bat  whilst  the  great  similarity  of  its  fossils  closely  associates  it  to  the  Car- 
boAilenNia,  it  should  be  remembered  that  the  occurrence  of  carbonate  of  magnesia  is 
only  the  resolt  of  the  greater  development  of  a  mineral  which  often  enters  into  the 
eompositioQ  of  the  Mountain  Limestone.  The  greater  number  of  reptiles  is  perhaps 
soffirient  to  indicate  a  difference  in  the  conditions  of  deposit,  more  especially  when 
eombined  with  the  deficiency  of  Echinodermata ;  but  that  there  is  more  analogy 
between  the  Permian  and  Oarboniferous  epochs  than  between  the  Trias  and  Permian 
msy  be  further  proved  by  reference  to  the  fkun^  of  the  Trias,  wliich  assuredly  iA  the 
Musebelkalk  approaches  to  the  character  of  the  Oolitic  fauna,  just  as  that  of  the 
Zfchstein  approaches  to  the  Carboniferous.  And  were  any  further  proof  required, 
it  is  found  in  the  flom  of  the  successive  epochs,  that  of  the  Permian  being,  like  the 
Carboniferous,  distinguished  by  the  predominance  of  Ferns  and  Lycopodiaceas,  whilst 
the  Trias,  like  the  Oolitic  epoch,  abounds  in  CycadesB  and  Conifene. 

h^  i,  kf  I.  Tricu  Period, — Leaving  out  of  immediate  consideration  the  St.  Cassian 
Beds  (A),  which,  as  Bronn  states,  are  only  local,  although  they  produce  a  sea  fauna  of 
probably  more  species  than  could  be  collected  in  a  simiUrly  limited  space  of  our  present 
sea  bottom,  the  Trias  exhibits  a  remarkable  diminution  in  its  organic  contents.  To 
aooount  for  this  defect,  it  has  been  supposed  that  the  great  amount  of  oxide  of  iron 
was  injurious  to  organic  and  more  especially  to  animal  life  ;  but  such  a  theory  places 
a  co-existing  effect  in  the  position  of  a  cause.  All  sandy  beds  must  be  unfavourable 
for  the  preservation  of  organic  remains,  as  the  ready  filtration  of  water  charged  with 
carbonic  acid  must  promote  their  rapid  disintegration  ;  and,  indeed,  in  this  manner 
all  the  solid  parts  of  many  fishes  have  disappeared,  although  the  impressions  of  their 
external  coverings  or  scales  remain  as  distinct  as  if  they  had  been  drawn  from  life. 
The  frequent  association,  also,  of  gypsum  in  large  quantities  with  the  salt-beds  of  this 
formation  may  also  suggest  other  causes ; — ^its  occurrence  is  not  improbably  of  secondary 
origin.  In  Bngland,  the  Musebelkalk  is  only  very  faintly  represented,  if  it  exist  at 
all,  but  on  the  Continent  it  forms  the  central  member  of  the  formation.  By  the 
occurrence  of  the  ammonitic  type  of  Cephalopoda  it  approximates  to  the  next  period, 
and  it  may  well  be  doubted  whether  a  formation  in  which  arenaceous  beds  so  strongly 
predominated  should  be  kept  distinct,  as  such  a  character  bespeaks  a  partial  origin, 
and  indicates  a  portion  rather  than  a  whole.  It  is  well  known  that  the  footsteps  of 
a  remarkable  animal  long  noticed  on  the  beds  of  the  New  Bed  Sandstone  have  been 
traced  to  the  Labyrinthodon,  a  reptile  between  the  Saurian  and  Batrachian  types, 
whose  remains  have  been  found  in  the  Musebelkalk  ;  similar  footsteps  have  been  dis- 
covered in  Pennsylvania,  in  strata  considered  of  the  age  of  the  Old  Red  Sandst<3ne. 
Mr.  Lea  has  called  the  animal  of  which  these  footsteps  are  as  yet  the  only  records, 
Sauropus  prinuovus.  The  Chelonians  or  Tortoises  appear  for  the  first  time  in  the  list, 
affording  another  analogy  with  the  Oolitic  period.  The  flora,  according  to  M.  Adolphe 
Brongniart,  affords  a  more  certain  element  of  comparison,  as  it  no  longer,  like  the 
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Permian,  exhibits  strong  analogies  with  the  Oarboniferons,  but  differs  from  it  in  a 
marked  manner. 

That  distinguished  botanist  points  ont  that  two  causes  of  difference  must  be  admitted 
in  fossil  florsB,  the  one  dae  to  change  of  epoch,  the  other  to  differenoe  of  geographical 
position, — ^jnst  as  in  the  present  time  there  are  local  variations,  a  forest  of  Pinna 
sylvestris  growing  in  Germany,  one  of  Abies  taxifolia  in  the  Yosges,  of  Picea  ezcelsa 
in  the  Jura,  and  of  Pinus  pinaster  in  the  Landes.     This  is  very  evident  in  the  flora 
of  the  Permian  system ;  but  though  the  local  flors  of  the  epoch  were  specifically 
Taried,  they  possess  a  common  relation  to  the  flora  of  the  Goal  formation.     A  great 
botanic  change  had,  however,  taken  place,  and  the  Trias  and  Oolitio  periods  were 
linked  together  by  the  prevalence  of  plants  belonging  to  another  great  division  of  the 
vegetable  kingdom,   the  Gymnosperms.     This  difference  in  the  flone  of  successive 
epochs,  and  the  equally  striking  differences  between  the  fossil  and  recent  flone,  should 
be  sufficient  to  satisfy  even  those  who  still  hesitate  to  receive  their  evidence  in  esta- 
blishing such  successive  epochs.    Brongniart,  for  example,  states  that  the  Coal  forma- 
tions of  Burope  have  as  yet  produced  only  500  species,  whilst  the  flora  of  Europe 
includes  about  11,000  ;  but  if  the  Ferns  of  the  two  periods  be  compared,  the  disparity 
is  in  the  other  direction,  as  the  Coal  formation  of  Europe  has  already  produced  250 
si>edtes,  and  the  whole  of  Europe  now  only  produces  50.     In  Plate  X.  of  '  (Geology ' 
some  of  the  most  remarkable  fossils  of  the  Trias  are  figured.     As  this  is,  as  it  were^ 
the  turning-point  from  the  more  ancient  organic  condition  of  the  earth^s  sur&ce,  it 
may  be  well  to  abstract  briefly  some  of  the  conclusions  of  Mr.  W.  King  in  his  recent 
Monograph  of  Permian  Fossils.     The  genus  Productus,  so  characteristic  of  the  fietuna 
of  the  Carboniferous  epoch,  and  well  exhibited  in  the  Permian,  appears  also  in  the 
marls  of  St.  Cassian, — so  that  some  doubt  may  be  felt  as  to  the  age  of  the  latter.     In 
the  Permian  system,  remains  of  the  tetrabranchiate  division  of  Cephalopoda,  or  of 
the  Cephalopoda  with  external  shells  and  internal  siphons,  have  alone,  as  yet,  been 
found  ;  whereas  Rhynoolithes,   or  the  mandibles  of  Cuttle-fish,  or  of  dibranchiate 
Cephalopoda,  occur  in  the  Trias,  and  thus  prepare  the  way  for  the  Belemnites  of  the 
Idas.    This  commencement  (Bellerophon  is  of  doubtful  analogies)  of  a  great  series  of 
remarkable  animals,   which  in  the  existing  epoch  comprises  so  many  genera  and 
species  (our  Sepia,   Loligo,  Argonauta,  &c.),  deserves  especial  attention,   and  should 
be  always  compared  with  the  present  almost  evanescent  condition  of  the  other  great 
branch,  the  tetrabranchiate^  now  represented  by  only  two  species  of  the  single  genus 
Nautilus. 

There  are,  however,  many  difficulties  in  settling  the  exact  loological  relations  of 
strata,  standing  as  these  do  on  the  limits  of  two  great  divisions.  The  absence  of 
Trilobites  from  the  Permian  rocks  is  a  strong  negative  difference  between  them  and 
the  Carboniferous ;  but  this  may  be  in  great  measure  ascribed  to  differenoe  of  phy- 
sical conditions.  In  the  Fishes  there  is  a  close  generic  though  not  specific  connection 
between  the  Permian  and  Carboniferous,  whereas  the  approximation  is  very  much 
less  between  the  Permian  and  Triasic.  In  the  Reptiles,  as  yet,  the  comparison  can 
only  be  considered  imperfect ;  as  the  impressions  of  supposed  Labyrinthodonts  have 
been  noticed  by  M.  Conrad  in  the  Devonian  B3r8tem  of  the  United  States,  and  should 
the  determination  be  verified,  the  reptile  character  of  the  Trias  will  be  bestowed  on 
rocks  of  a  more  ancient  date  even  than  the  Coal,  as  it  is  to  a  certain  extent  on  the 
Coal  series  itself  by  the  labyrinthodont  forms  (as  they  are  considered  by  Yon  Meyer) 
of  Archegosaurus  and  Sclerooephalus.  On  the  whole,  there  is  much  reason  to  consider 
the  Permian  a  portion  of  the  Protozoic,  the  Trias  a  portion  of  the  Deuterozoic  period, 
as  the  appearance  of  the  ammonitic  forms  of  Cephalopoda  in  the  Trias  is  of  itself  a 
powerful  argument  for  approximating  it  to  the  Oolitic  rather  than  to  the  Carboniferous 
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By  stem  ;  far  more  powerful  than  the  oontinnanoe  of  a  few  forms  of  the  preceding 
epochs  would  be  for  the  opposite  determination. 

m,  n,  o,  p.  Oclitxc  Period, — This  great  member  of  the  Denteroxoic  formations  is 
replete  with  objects  of  the  highest  interest.  It  has  been  already  stated  that,  leaving 
ont  of  consideration  the  recently  supposed  occorrence  of  Mammals  in  the  Keuper,  the 
Oolitic  formation  has  produced  the  first  Mammalian  relics,  exhibiting  at  this  early 
epoch  examples  of  the  Marsupial  type  which  is  now  so  characteristic  of  Australia — a 
region  widely  distinguished  both  by  its  iauna  and  flora  from  other  parts  of  the  known 
world.  In  like  manner  its  numerous  reptiles,  the  fish-like  Saurians  (Ichthyosauri 
and  Plesiocauri),  and  the  flying  Saurians  (Pterodaotyli)  constitute  a  rich  and  varied, 
but  most  strange  assemblage  of  organic  bodies.  The  beaks  of  supposed  dibranchiate 
Cephalopoda  have  been  noticed  as  occurring  in  the  Trias,  but  with  the  Oolites  they 
enter  distinctly  into  the  fituna,  and  afford  examples  of  seven  genera,  one  of  which 
extends  into  the  Chalk,  another  reappears  in  the  Tertiaries  and  extends  into  the 
recent  epoch,  and  four  more,  after  apparently  disappearing  with  the  Oolites,  reappear 
in  the  recent  epoch.  Of  all  these  none  is  more  remarkable  than  the  genus  Belemnites, 
which  affords  a  close  link  of  connection  between  the  Oolitic  and  Cretaceous  formations, 
just  as  the  Trilobites  and  Producti  of  the  Protoioio  period  did  between  the  Silarian 
and  true  Carboniferous.  M.  Alcide  D'Orbigny  divides  the  genus  into  three  sections, 
each  characteristic  of  a  geological  division  ;  namely, — 1.  Those  with  neither  ventral 
nor  lateral  grooves,  which  are  peculiar  to  the  Lias  or  lower  section  of  the  Oolites  ; 
2.  Those  with  a  ventral  but  not  with  lateral  grooves,  which  belong  to  the  upper  Oolitic 
sections ;  3.  Those  with  a  ventnU  and  two  lateral  grooves,  which  belong  to  the 
Neooomien  (or  lower  greensand)  and  gaullf  sections  of  the  Cretaceous  formation.  Of 
the  Belemnites  of  the  white  or  upper  Chalk,  M.  D'Orbigny  forms  his  subgenus  Belem- 
nitella,  which  is  characterised  by  an  anterior  notch,  so  that  the  species  of  this  remark- 
able fiunily  have  changed  in  form  and  character  in  the  successive  faune  of  the  earth, 
and  after  having  swarmed  in  such  abundance  during  the  Oolitic  and  Cretaceous 
periods,  have  totally  disappeared  with  the  latter  from  its  surface.  The  changes 
which  have  taken  place  in  the  tetrabranchiate  division  of  Cephalopoda  are  also  most 
remarkable. 

These  Cephalopoda  are  divided  by  D'Orbigny  into  two  great  families ;  Ist^  Nau- 
ttlidsB ;  2nd,  Ammonidfi.  In  the  first,  D*Orbigny  recognises  the  genera  Nautilus, 
Aganides  (Clymenis),  Cyrtoceras,  Lituites,  Orthoceratites.  All  these  appeared  in 
great  numbers  and  in  very  varied  forms  (including  Phragmooeras)  in  the  ancient  fauna 
of  the  Silurian  epoch  ;  but,  strange  to  say,  the  genus  Nautilus  alone  occurs  in  the 
Oolitic  and  Cretaceous.  The  Aganides  reappear  in  the  Tertiary,  but  the  genus  Nautilus 
alone  preserves  to  man  a  knowledge  of  the  tetrabranchiate  Cephalopoda  of  ancient 
worlds.  The  Nautilids  are  distinguiahed  from  the  Ammonids  by  the  straight  or 
simply  arched  septa  of  their  chambers,  those  of  the  Ammonids  being  lobed  or  digi- 
tated, and  by  a  central  or  medial  siphoncle,  that  of  the  Ammonido  being  dorsal 
(more  properly  called  ventral). 

The  fi&mily  of  Ammonidso  contains  seven  genera,  one  of  which  only,  namely, 
Goniatites,  goes  back  so  far  as  the  carboniferous  strata,  of  which  it  is  a  characteristic 
Cephalopode,  at  once  appearing  and  ending  in  them.  As  the  Goniatites  have  their 
septa  formed  with  either  angular  or  rounded  lobes,  and  not  with  lobes  of  the  foliated 
forms  of  the  Ammonids,  they  are  very  distinct  from  them,  though  associated  in  the 
same  family.  With  the  Muschelkalk  true  Ammonites  begin,  though  still  with 
comparatively  simple  septa,  but  in  the  Oolites  they  attain  highly  digitated  or  ramified 
•eptfty  and  exhibit  a  number  of  species,  these  animals  having  been  peculiarly  abundant 
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ftt  that  epoch.  It  is  scarcely  necessary  to  refer  in  detail  to  other  animals,  though  the 
genera  Lima  and  Ghryph»a  are  highly  characterUtic  amongst  the  biralTes,  and  the  genoB 
Trigonia,  now  existing  only  in  Australia,  occurs  to  confirm,  as  it  were,  the  analogies 
suggested  already  between  the  Oolitic  and  recent  periods  by  the  presence  in  the  Oolitic 
strata  of  Marsupial  Mammals.  In  the  whole  series  of  formations,  none  is  more 
remarkable  than  the  Oolitic,  and  it  has  been  called,  from  the  peculiarly  rich  develop- 
ment  of  its  reptiles,  the  age  of  reptiles.  The  great  marine  Saurians,  Ichtbyosaurus 
and  Plesiosanrus,  have  been  already  noticed,  genera  which  seem  to  form  a  link 
between  reptiles  and  fishes ;  but  in  addition  to  these,  reptiles  of  the  crocodilian  type 
appear  at  this  epoch.  Some  of  these,  Teleosaurus,  Steneosaurus,  Cetioaaurus,  were, 
like  the  Gavials,  fitted  to  prey  on  fishes,  having  long  narrow  jaws  armed  with  slender, 
conical,  sharp- pointed,  and  equal  teeth :  they  were  indeed  mighty  monsters,  the 
jaws  of  the  Teleosaurus  Chapmanni  exhibiting  at  least  140  teeth,  and  the  bodies  of 
some  of  the  species  of  the  two  first  genera  being  18  feet  long,  whilst  in  the  third 
genus  some  of  the  species  attained  an  enormous  bulk,  the  Cetiosaurus  medius  haying 
possibly  been  iO  feet  long,  and  others  having  almost  rivalled  the  modem  whales  in 
magnitude.  Passing,  however,  from  the  marine,  only  remarking  that  Saurians  with 
true  marine  habits  are  now  represented  by  only  one  species,  the  puny  Amblyrhynchus 
of  the  Gallipagos  Islands,  we  find  that  the  land  was  equally  replete  with  wondrous 
exhibitions  of  these  gigantic  reptiles,  forming  the  Dinosaurians  of  Owen,  which  are 
called  by  him  Crocodile-lizards,  being  distinguished  both  from  the  modem  terrestrial 
and  amphibious  Sauria,  and  from  extinct  marine  lizards.  Of  these  the  most  remark- 
able are  the  Megalosaurua,  the  Iguanodon,  and  the  HylsBOsaurus.  Professor  Owen 
corrects  the  preceding  estimates  of  the  length  of  the  Megalosaurus,  which  he  considers 
excessive,  and  reduces  it  to  30  feet ;  but  even  this  is  sufficient  to  constitute  an  enormous 
creature,  more  especially  as  it  was  more  elevated  and  bulky  than  ordinary  Saurians. 
Of  British  Oolitic  strata,  the  Stonesfield  slate,  Bath  oolite,  Combrash,  and  Wealden 
have  produced  specimens  of  this  genus.  The  Hylnosaurus  and  Iguanodon  are  both 
from  the  Wealden,  the  latter  having  been  discovered  by  Dr.  Mantell,  and  called 
Iguanodon  by  Conybeare  from  the  resemblance  of  its  teeth  to  those  of  the  living 
Iguana,  though  in  other  anatomical  characters  it  is  strongly  distinguished  from  it. 
From  the  supposed  analogies  between  this  reptile  and  the  Iguana,  it  was  estimated 
that  the  Iguanodon  might  be  from  75  to  100  feet  in  length,  but  Professor  Owen,  on 
apparently  sounder  principles,  deduces  the  length  of  28  feet,  a  magnitude  still 
enormous.  This  extraordinary  development  of  reptile  forms  has  been  ascribed  to  a 
defective  condition  of  the  atmosphere,  but  there  appears  to  be  more  probability  in  the 
opinion  of  Professor  Owen  that  these  gigantic  reptiles  may  have  supplied  the  place  of 
large  predaceous  mammals.  Be  this,  however,  as  it  may,  the  Oolitic  fiiuna, — with  its 
Marsupials  associated  with  the  genua  Trigonia  of  oonchiferous  Molluscs,  (as  at  the 
present  epoch  they  are  in  Australia,  the  land  of  Marsupials, )  with  its  Belemnites  and 
Ammonites,  many  of  large  size,  its  insects,  and  above  all  with  its  gigantic  reptiles, 
which  people  the  hind,  the  sea,  and  the  air, — must  always  be  distinguiahed  amongst 
the  records  of  former  epochs,  for  its  singularity  and  grandeur, 

9»  »•»/  CretaceouB  Period.— Although  the  mind  must  long  linger  with  delight  on 
the  extraordinary  fauna  which  the  Oolitic  period  has  placed  before  it,  the  interest 
which  the  Cretaceous  fauna  is  calculated  to  excite  is  of  no  ordinary  kind.  In  the 
genera  Moeoeaurua,  Leiodon,  and  Baphiosaurus,  the  Lizard-Saurians  are  represented, 
and  Professor  Owen  states  that  below  the  Chalk  he  has  not  hitherto  found  any  instance 
of  a  reptile  possessing  vertebrae  with  an  anterior  cup  and  posterior  ball,  or  the  ordinary 
ball  and  socket  stracture  of  existing  species.     Chelonians  (Turtles  and  Tortoises), 


14  PALEONTOLOGY. 

whidi  oommenoed  in  the  Trianc  and  appeared  abo  in  the  Oolitie  period,  ooeor  in  tlie 
Chalk,  though  not  noted  in  the  Table.  They  are  referred  bj  Professor  Owen  to  the 
marine  aeetion,  or  to  the  tme  C3ieIonia. 

Sefening  now  to  the  Gephalopodona  MoUuscb  as  the  most  characteristic  of  both  the 
Oolitic  and  Gretaoeona  periods,  the  Belemnites  are  continaed  from  the  Oolites  in  the 
two  genera  Belemnites  and  Belemnitella,  the  latter  being  characteristic  of  the  upper 
Chalk.     In  the  Tetrabranchiate  dimion,  the  genus  Nautilus  produces  a  considerable 
number  of  species,  and  D'Orbigny  gires  as  a  characteristic  difference  between  those  of 
the  Oolitie  period  and  those  of  the  Cretaceous,  that  in  the  former  there  are  never  deep 
transrene  farrows,  so  that  any  specimen  of  Nautilus  exhibiting  transverse  furrows  or 
ribs,  may  be,  with  every  probability,  assumed  to  be  cretaceous.     Of  the  family  of 
AmmonidsB  the  first  trace  had  been  observed  in  the  Goniatites  of  the  Carboniferous 
strata^  but  in  the  Muschelkalk  (a  member  of  the  Trias)  true  Ammonites  began  to 
appear,  and  in  the  Oolitic  period  attained  their  highest  development  in  numbers  and 
variety  of  form.     In  the  Cretaceous  epoch  they  exhibit  a  variety  and  profusion  nearly 
equal  to  thai  of  the  Oolitic^  and  are  combined  with  several  other  generic  forms  of 
the  ammonidie  type,  such  as  Hamites  (which  appeared  first  in  the  Oolitic  period), 
Crioeeratites,  Scaphifces,  Baculites  (which  being,   as  it  were,   straight  Ammonites, 
represent  the  Orthoceratites,  or  straight  Nautili  of  the  more  ancient  epoch),   and 
Turrilitca.     D'Orbigny,  in  his  '  Pal^ntologie  Fran^iise,'  has  figured  no  less  than  148 
aperies  of  the  genus  Ammonites  from  the  Cretaceous  strata,  so  that  the  richness  of  the 
fiuina  of  that  epoch  in  such  Cephalopoda  is  truly  wonderful,  and  strongly  contrasts 
with  the  poverty  of  our  recent  £&una. 

It  is  of  the  highest  importance  to  understand  the  actual  geological  distribution  of 
Aounonites,  as  they  are  the  most  characteristic  fossils  of  both  the  Oolitic  and  Greta* 
eeeus  periods,  and  for  this  purpose  it  is  desirable  to  study  the  classification  of  Yon 
Bach,  as  improved  by  D'Orbigny. 

1.  Yon  Bach  considers  the  Goniatites  as  a  section  of  Ammonites,  but  they  may  be 
left  oat  of  the  present  inquiry,  as  the  simply  rounded  and  angular  lobes  of  their  septa 
ai  once  distinguish  them  from  all  true  Ammonites. 

2.  He  places  the  Ammonites  of  the  Muschelkalk  or  Trias  in  a  separate  section — the 
Cfaatites — as  their  septa,  being  much  more  simply  lobed  than  in  the  subsequent  sections, 
point  them  oat  as  an  intermediate  group. 

Speeiu  with  one  entire  or  simple  dorsal  (more  properly  ventral)  heel, 

8.  Arides :  shell  marked  on  the  sides  by  simple  radiating  projecting  ribs ;  back 
square,  with  a  oentral  keel ;  siphon  prominent,  placed  on  the  dorsal  keel ;  mouth 
prolonged  into  a  beak  ;  septa  formed  of  uneven  lobes  and  swells  (saddles  of  Yon  Buch) ; 
dorsal  lobe  as  deep,  as  wide,  and  longer  than  the  upper  lateral  lobe  :  the  lateral  swell 
aseends  higher  than  the  others,  and  the  dorsal  swell  is  very  short.  This  group  is 
pfffilVr  io  the  lower  portion  of  the  Lias. 

4.  Faldferi:  shell  compressed,  having  on  the  sides  folds  inflected  forwards,  and 
often  forming  an  elbow  in  the  middle  of  their  length  ;  no  tubercles ;  back  sharp, 
extending  into  m  narrow  keel  which  contains  the  siphon  ;  mouth  complete,  having 
projecting  points  in  the  centre  of  each  side ;  lobes  of  septa  uneven ;  swells  nearly 
even ;  dorsal  lobe  very  wide,  and  its  accessory  lobe  may  be  taken  as  the  upper  lateral ; 
and  is  always  much  longer  than  the  dorsal  lobe.  This  group  is  peculiar  to  the  upper 
beds  of  the  Lias. 

fi.  Cfriiiati :  shell  compressed,  and  adorned  on  the  sides  by  bifurcated  ribs,  which 
are  inflected  forwards,  but  do  not  form  an  elbow  ;  with  or  without  tubercles ;  back 
extending  into  a  keel  which  contains  the  siphon;  mouth  perfect,  prolonged  ioto 
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a  central  beak ;  septa  formed  of  lobes  which  are  generally  divided  into  nneren  parts, 
and  of  even  swells ;  dorsal  lobe  larger  than  the  upper  lateral ;  lateral  swell  less 
elevated  than  the  rest ;  dorsal  swell  very  high.  This  group  is  peeoliar  to  the 
Cretaoeons  period. 

Species  with  a  channdUd  hack, 

6.  Tvherculati:  shell  adorned  on  the  sides  with  ribs  and  with  tubercles  which 
alternate  on  the  sides  of  the  back ;  back  provided  with  a  deep  central  channel ; 
mouth  complete,  representing  an  elongated  beak  which  corresponds  to  the  dorsal 
canal ;  septa  formed  of  lobes  and  swells  divided  into  uneven  parts ;  dorsal  lobe 
shorter  than  the  upper  lateral  lobe,  and  so  narrow  that  it  does  not  occupy  the 
breadth  of  the  dorsal  canaL  All  the  species  of  this  well-defined  group  belong  to  the 
Cretaceous  period. 

Species  wiih  thorp  hacks  not  keeled* 

7.  Clypeiformi  (D*Orbigny) :  shell  compressed,  generally  smooth  or  very  riightly 
ridged  ;  back  sharp  or  wedge-shaped,  but  without  keel ;  whorls  of  spire  large,  and 
generally  enveloping  ;  septa  divided  into  a  great  number  of  lobes  formed  of  unequal 
parts  and  of  swells  formed  of  equal  or  nearly  equal  parts  ;  dorsal  lobe  shorter  than 
the  upper  lateral  lobe ;  both  swells  and  lobes  wide  and  short.  This  group  belongs  to 
the  Cretaceous  period. 

Species  wiih  the  hack  projecting ^  and  notched  along  the  medial  line, 

8.  Amaiihei:  shell  ribbed  on  the  sides,  the  ribs  being  slight  and  inflected  forwards ; 
the  back  sharp,  and  divided  by  transverse  plaits  or  folds  which  form  a  notched  surface ; 
mouth  provided  with  a  central  beak,  the  ancient  condition  of  which  may  be  traced  in 
the  notches  on  the  back ;  septa  formed  of  lobes  and  swells  divided  into  uneven  parts ; 
dorsal  lobe  shorter  than  the  upper  lateral  lobe.  This  group  is  peculiar  to  the  Jurassic 
and  Oolitic  beds. 

9.  PulcheUi  (D*Orbigny) :  shell  elegantly  marked  on  the  sides  by  straight  (not 
inflected)  projecting  ribs,  which  extend  from  one  side  to  the  other,  forming  on  the 
back  a  compressed  tubercle,  so  as  to  produce  a  series  of  crests,  resembling  cocks* 
oombs ;  septa  composed  of  lobes  divided  into  uneven  parts  and  of  swells  divided  into 
even  parts  ;  dorsal  lobe  nearly  equal  in  length  to  the  lateral  in&rior  one.  This  group 
belongs  to  the  lower  Cretaceous  strata,  the  lower  greensand  and  ganlt. 

10.  Bhotomagenses  (D*Orbigny) :  shell  with  swollen  square  or  oval  whorls,  which 
are  adorned  by  projecting  ribs,  more  or  less  tuberculated,  the  tubercles  being  arranged 
in  four  or  five  rows,  one  of  which  occupies  the  medial  line  of  the  back,  and  renders  it 
more  or  less  angular ;  septa  formed  of  lobes  and  swells  divided  into  equal  parts ;  the 
dorsal  lobe  longer  than  the  upper  lateral  lobe.  This  group  difiers  from  the  Armati  by 
having  several  rows  of  tubercles  along  the  back,  one  of  which  is  medial,  by  its  equal 
lobes,  and  by  its  dorsal  lobe,  which  is  always  the  longest.  All  the  species  belong  to 
the  upper  greensand  of  the  Cretaceous  epoch. 

Species  having  a  holUno  hack  and  tubercles  on  the  sides, 

11.  Dentati :  shell  more  or  lees  smooth,  adorned  with  ribs  which  are  often  bifur- 
cated at  the  margin  of  the  umbilicus,  where  they  usually  form  tubercles :  the  ends  of 
the  ribs  project  on  each  side  of  the  back,  the  middle  of  which  is  hollow ;  septa  formed 
of  lobes  dirided  into  unequal  parts  and  of  swells  generally  divided  into  equal  parts ; 
dorsal  lobe  equal  to  or  shorter  than  the  upper  lateral  lobe.  All  the  species  of  this 
group  belong  to  the  lower  portion  of  the  Cretaceous  system,  vis.  the  lower  greensand 
and  gault. 
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12.  Onmii:  ahell  ali^tly  swollen,  with  narrow  back,  bordered  by  tubercles ;  another 
row  of  taberdes  at  the  depression  of  the  spire  towards  the  middle  of  the  flanks  ;  septa 
finned  of  lobes  and  swells  composed  of  unequal  parts;  the  dorsal  lobe  very  much 
Mortar  than  the  upper  lateral.  A  group  excluaiTely  belonging  to  the  Oxford  clay,  a 
^Tukn  of  the  Oolitie  formation. 

Sjptciet  with  the  badk  more  w  less  square. 

13.  FUxuosi :  shell  furnished  laterally  or  at  the  margin  of  the  umbilicus  with  a 
row  of  tubercles,  and  with  another  at  each  side  of  the  back,  the  middle  of  which 
forms  a  slight  projection.  Between  the  two  rows  of  tubercles  of  the  sides  are  generally 
ribs  which  are  slightly  inflected  forwards ;  septa  formed  of  lobes  divided  into  unequal 
parts  and  of  swells  divided  into  equal  parts ;  the  dorsal  lobe  shorter  than  the  upper 
lateral  one ;  the  upper  lateral  very  wide.  A  group  belonging  to  the  lower  portion  of 
the  Cretaceous  system. 

14.  Compressi  (D*Orb.)  :  shell  generally  vary  compressed,  composed  of  large 
whorls  closely  euTcloping  each  other,  and  baring  lateral  ribs  or  stri»  which  are  only 
slightly  inflected,  and  form  tubercles  on  the  sides  of  the  back  ;  back  narrow  and 
square,  as  if  truncated ;  septa  composed  of  a  great  number  of  lobes  divided  into 
unequal  parts  and  of  swells  frequently  formed  of  equal  parts ;  dorsal  lobe  very  great, 
being  much  bnger  than  the  upper  lateral  lobe.  A  group  belonging  to  the  Cretaceous 
period,  and  extending  over  the  whole  of  the  greensand. 

15.  Armati :  shell  with  square  whorls,  having  on  the  sides  of  the  back  one  row  of 
'  projecting  tubercles,  and  on  the  flanks  one  or  more  rows ;  back  wide  and  square  ; 

septa  composed  of  lobes  formed  of  unequal  parts  and  of  swells  formed  of  equal  parts  ; 
dorsal  lobe  longer  than  or  equal  to  the  upper  lateral  lobe,  the  latter  being  placed  in 
the  nuddle  of  the  flanks,  and  always  narrow  as  regards  the  dorsal  swelL  A  group 
peculiar  to  the  Oolitic  period,  and  specially  to  the  upper  members  of  it. 

16.  Angyiieostaii  (D*Orb.) :  shell  thick,  with  whorls  almost  round,  though 
marked  on  each  side  of  the  back  by  a  slight  projection  which  renders  this  part  nearly 
square ;  back  much  more  narrow  than  the  flanks  ;  the  ribs  elevated,  and  alternately 
passing  over  the  back  from  one  side  to  the  other ;  septa  composed  of  lobes  formed 
of  unequal  parts  and  of  swells  generally  even  :  the  dorsal  lobe  is  much  shorter  than 
the  upper  lateral,  and  the  aunliary  bbes  are  oblique  towards  the  umbilicus.  A  group 
belongbg  to  the  lower  portion  of  the  Cretaceous  system,  and  differing  from  the 
Planulati  only  by  the  square  back. 

17.  Caprieomi :  shell  with  very  convex  whorls,  adorned  by  bold  simple  straight 
ribs  without  tubercles  or  spines  ;  back  wide,  often  having  a  surface  more  extensive 
than  that  of  the  flanks  ;  septa  composed  of  lobes  formed  of  unequal  and  swells  of 
equal  parts  ;  dorsal  lobs  the  largest ;  the  lateral  lobes  wide.  A  group  peculiar  to  the 
Oolitic  period. 

Species  with  rounded  convex  back, 

18.  HeUrophiUi  (D*Orb.) :  shell  compressed,  formed  of  whorls  which  are 
almost  always  so  &r  enveloping  as  to  be  rarely  visible  in  the  umbilicus  :  the  sides 
are  smooth,  slightly  striated  or  grooved ;  back  narrow,  and  very  convex ;  septa 
symmetrical,  divided  into  a  great  number  of  highly  ramified  lobes,  the  parts  of  which 
are  uneren,  and  of  swells  generally  composed  of  equal  parts ;  dorsal  lobe  almost 
always  shorter  than  the  upper  lateral  lobe.  From  the  great  number  of  branches  of 
the  lobes,  the  swells  between  them  represent  the  form  of  leaves  in  a  very  striking 
manner.  Thia  group  extends  from  the  Oolitic  period  into  the  Cretaceous,  but  it 
admits  of  subdivision  according  to  the  unequal  or  equal  parts  of  the  swells ;  and 
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whilst  the  former  section  belongs  exclnsiyely  to  the  Oolitic,  the  other  is  eqnallj 
peculiar  to  the  Cretaceous. 

19.  LigcUi  (D'Orb.)  :  shell  compressed,  generally  smooth  or  only  slightly  Traved, 
aad  usually  marked  at  intervals  by  gmoyes  or  ribs  which  formed  the  margin  of  the 
mouth  at  its  successive  stages  of  groTivth  ;  back  convex,  sometimes  a  little  compressed  ; 
septa  composed  of  lobes  formed  of  unequal  aud  of  swells  of  generally  equal  parts  ;  the 
dorsal  lobe  shorter  than  the  upper  lateral;  the  last  auxiliary  lobes  often  oblique 
to  the  rear  on  approaching  the  umbilicus ;  the  swells  very  divided  but  never  resembling 
leaves.  A  group  peculiar  to  the  Cretaceous  period,  and  extending  over  the  lower  and 
upper  greensand. 

20.  Planuiati:  shell  discoidal,  compressed,  composed  of  whorls  more  or  less  cylin- 
drical, adorned  with  striae  or  crowded  ribs,  which  towards  the  middle  or  at  about  two- 
thirds  of  the  flanks  divide  into  several  branches,  though  not  provided  with  knobs  at 
the  point  of  junction ;  back  round  ;  septa  composed  of  lobes  always  divided  into 
uneven  parts  and  of  swells  usually  formed  of  even  parts ;  the  dorsal  lobe  either  longer 
or  shorter  than  the  upper  lateral  :  the  auxiliary  lobes  are  obliquely  directed  backwards 
towards  the  umbilicus  in  a  marked  manner.  A  group  which  would  be  jteculiar  to  the 
Oolitic  period,  were  it  not  that  three  species  of  the  lower  Chalk,  of  which  the  lobes 
are  only  imperfectly  known,  are  provisionally  included  in  it. 

21.  Cor<ynai*u :  a  group  which  specially  characterizes  the  lower  Oolite.  It  is  dis- 
tinguished from  the  Planuiati  by  having  a  knob  or  tubercle  at  the  point  where  the 
libs  or  strisB  bifurcate ;  whorls  elevated ;  septa  composed  of  lobes  divided  into 
unequal  and  of  swells  formed  of  equal  parts ;  the  dorsal  lobe  shorter  than  the  upper 
lateral ;  the  auxiliary  lobes  oblique :  the  upper  lateral  lobe  is  outside  of  and  the 
inferior  lateral  lobe  wlthui  the  tubercles. 

22.  MacroctphaXi :  shell  analogous  in  form,  ribs  or  striae,  to  that  of  the  group 
Coronarii,  with  this  difference,  that  it  is  often  more  swollen,  and  the  tubercle,  instead 
of  being  placed  about  the  centre  of  the  breadth  of  the  whorl,  is  nearer  the  umbilicus, 
80  that  both  the  upper  and  lower  lateral  lobes  are  outside  the  tubercle,  and  not  one 
within  and  the  other  without.  The  most  swollen  species  proceed  from  the  Oolitic 
strata,  but  the  group  itself  extends  into  the  Cretaceous. 

23.  Frimbriati  (D^Orb.) :  shell  discoidal,  composed  of  cylindrical  whorls  which  are 
generally  contiguous,  without  in  any  manner  covering  each  other,  and  are  either  smooth 
or  transversely  marked  at  intervals  by  projecting  ribs  or  by  grooves  which  were  the 
former  margin  of  the  mouth ;  mouth  circular ;  septa  symmetrical,  formed  of  lobes  and 
swells  divided  into  equal  parts,  and  always  enlarged  at  their  extremity  and  narrowed 
at  their  base  ;  dorsal  lobe  often  the  longest.  This  group,  so  well  characterized,  is 
found  both  in  the  lower  portions  of  the  Oolitic  and  of  the  Cretaceous  periods  :  the 
greater  number  of  species  belong  to  the  lower  greensand,  or  base  of  the  Cretaceous 
^ystem. 

It  has  appeared  desirable  to  give  these  ample  details  on  the  highly  important  genus 
Ammonites,  as  it  will  often  be  necessary  in  geological  researches,  to  seek  the  means 
of  identification  of  strata  in  the  several  groups  into  which  it  is  divisible,  as  in  many 
cases  those  mineral  differences  which  may  assist  in  such  inquiries,  and  are  in  some 
localities  or  countries  well  marked,  disappear  entirely  in  others.  With  the  Chalk, 
Ammonites  disappear,  the  upper  section  of  the  white  chalk  being  deprived  of  them. 
In  this  interesting  and  varied  family,  therefore,  of  the  most  highly  organized  class  of 
Mollusca  (the  Cephalopoda)  the  fauna  of  each  successive  formation  possessed  charac- 
teristic representatives,  commencing  with  the  Goniatites  of  the  Carboniferous  strata  ; 
and  D*Orbigny  recognizes  even  characteristic  forms  in  his  three  divisions  of  the  Creta- 
ceous system,  assigning — 
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75  vpeciet  to  the  Neoeomien,  or  Lower  Green  sand. 
42      do.     to  the  Oault. 

27  do.  to  the  Chalk,  including  the  Upper  Qreensand  and  tme  Chmlk. 
ALd  £o  striking  is  this  limitation  of  the  forms  to  particalar  faunn  or  epochs,  that  he 
thus  remarks  npon  it :  '*  After  comparing  thousands  of  these  Ammonites  from  all  parts 
of  France,  I  have  come  to  this  im|X)rtant  nsult,  that  it  is  not  merely  some  specie*,  as 
has  been  hitherto  supposed,  which  are  characteristic,  but  that  all  the  species  c»f 
Ammtm'iXtAj  without  exception,  are  cbaracterit-tic,  and  that  all  indicate  with  certaintj 
the  strata  to  which  thej  belong,  when  the  application  of  their  evidence  is  made  wiih 
a  critical  knowledge  of  the  species/* 

To  the  Ammonites  may  be  added  other  remarkable  genera  of  Cephalopoda  which 
are  peculiar  to  the  Cretaceons  period  : 

Crioeeratf  differing  from  Ammonites  in  having  the  whorls,  though  in  one  plane, 
perfectly  separate  from  each  other,  and  not  contiguous  or  enveloping.     The  loles  c«f 
tiieir  septa  are  always  formed  of  unequal  parts.     D'Orbigny  describes  seven  specie^, 
five  of  which  are  peculiar  to  the  lower  greensand,  and  two  to  the  gault,  the  genus 
itself  having  luwl,  therefore,  jk  very  limited  range  of  existence. 

Toxoceraty  differing  horn  Ammonites,  as  the  whorls  do  not  form  a  spiral,  bnt  are 
arranged  like  an  oblique  horn.  D^Orbigny  describes  nine  species,  which  all  belong 
to  the  lower  greensand,  to  which  the  genus  appears  restrictetl. 

SraphUes  :  shell  in  the  early  stages  of  growth  resembling  Ammonites  by  its  con- 
tiguous whorls,  but  then  suddenly  extending  in  a  straight  line  for  a  considerable 
distance,  when  it  is  again  bent  back  towards  the  spire.  This  genus  only  existed 
during  the  deposition  of  the  upper  and  lower  greensand,  and  D'Orbigny  reduces  tbe 
known  species  to  three  in  number. 

HamiUiy  separating  from  it  those  species  which  form  the  genus  Ancyloceras 
(D*Orb.),  is  peculiar  to  the  Cretaceous  epoch,  beginning  with  the  lower  greensand, 
abounding  in  the  gault,  and  disappearing  in  the  upjKT  greensand.  It  is  distin- 
guished from  Ancyloceras  by  having  an  irregular  spire  composed  of  elliptical  whorls 
bent  round,  as  it  were,  in  elbows.  The  whorls  are  in  the  same  plane,  are  never  in 
contact,  and  are  prolonged  at  each  turn  for  some  distance  in  a  straight  or  curved 
line,  and  then  again  bent  round,  so  that  at  the  final  turn  the  last  elbow  appears  dis- 
eonnect<Hl  with  the  spire. 

The  shell  of  the  genus  AncylocercLS  begins  with  a  regular  spire,  the  whorls  of 
which  are  not  in  contact,  as  in  the  Scaphites,  but  are  finally  continued,  as  in  them, 
for  some  distance  in  a  straight  line,  and  terminated  by  an  elbow^  or  cross.  It  com- 
mences with  the  lower  oolites,  and  ends  in  the  lower  greensand, — not  having  been  as 
yet  discovered  in  the  intermediate  strata. 

Ptychocerag :  shell  not  spiral,  but  resembling  a  round  or  compressed  siphon  or 
tube  bent  back  upon  itself^  so  that  the  last  turn  is  close  to  and  connected  with  the 
firsts  appearing  therefore,  in  a  young  state,  as  if  straight.  The  septa  are  symmetrical, 
regularly  divided  into  six  slightly  unequal  lobes.  The  genus  is  confined  to  the  lower 
greensand. 

Baculites  are  straight  Ammonites,  the  shell  being  either  regularly  conical,  slightly 
compressed,  or  angular,  like  a  straight  horn,  the  upper  portion  being  for  a  considerable 
space  without  septa,  and  the  mouth  furnished  with  a  dorsal  projection  or  beak,  like 
some  Ammonites.  The  septa  are  more  simple  than  in  tbe  Ammonites,  having  only 
four  lobes.  The  Baculites  are  peculiar  to  the  Chalk  period,  which  they  therefore 
characterize. 

Thtrrilites.  In  these  chambered  shells  the  spire  is  obliquely  wborled,  so  that 
it  resembles  an  ordinary  turbinated  univalve  shell.     The  whorls  are  either  round  or 
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angular,  and  contitnioaB.     The  whole  spire  is  ombilicated.     This  geiitiB  eommenoes  in 
the  apper  gault,  and  only  extends  to  the  upper  greensand. 

Helicoceras  (D'Orb.).  The  shell  resembles  that  of  the  Torrilites,  but  has  its 
whorls  disconnected.     The  genus  has  only  been  discovered  in  the  gault. 

In  respect  to  other  classes  our  remarks  will  be  but  brief. 

The  Pteropoda  appear  first  in  the  Silurian  epoch  (Carboniferous  i>eriod  of  Bronn), 
and  then  vanish  to  reappear  in  the  Lias.  They  have  not  been -hitherto  found  from 
that  epoch  upwards  till  the  Tertiary  period. 

Ocuteropodck.  Of  this  great  class  the  well-known  recent  genus  Turritella  appears 
first  in  the  Cretaceous  period,  increasing  in  number  of  species  through  it  and  the 
Tertiary,  up  to  the  existing.     D*Orbigny  has  described  fourteen  cretaceous  species. 

Scaloria :  another  well-known  species,  first  commencing  in  this  period,  to  which 
it  has  furnished  seven  species. 

Rissoa,  D^Orbigny  describes  one  species  of  this  genus,  now  common  in  all 
latitudes,  obtained  from  the  gault. 

RistoinOy — a  sub-genus ;  one  species  also  from  the  gault. 

Nerinea,  This  remarkable  genus,  which  commenced  in  the  Oolitic  period,  yields 
twenty-six  species  to  the  Cretaceous,  and  then  disappears  for  ever. 

PyramidellcL  The  greensand  yields  the  first  species  of  this  well-known  genus  ;  the 
only  species  of  the  Cretaceous  period. 

Actceon  (Tomatella  of  Lamarck)  :  commenced  in  the  Oolites,  yielded  ten  species 
to  the  Chalk,  and  continued  through  the  Tertiaries  to  the  existing  epoch. 

Globiconcha  (D^Orb.)  :  a  very  globular,  nearly  spherical  shell,  with  very  short 
and  almost  concave  spire.  Peculiar  to  the  upper  greensand  section  of  the  Cretaceous 
formation. 

Trochtu.  This  genus,  so  common  amongst  living  shells,  was  also  abundant  in  the 
Cretaceous  period,  to  which  it  yielded  thirteen  species. 

RoteUa,     This  living  genus  yielded  its  first  species  to  the  Chalk. 

Stomalia.  A  living  genus,  in  hot  climates,  which  produced  its  only  known  fossil 
species  in  the  Cretaceous  epoch. 

PterodorUa,  distinguished  from  Pterocera  by  an  internal  tooth  at  the  mouth, 
and  by  the  want  of  a  sinus,  is  peculiar  to  the  upper  greensand  of  the  Cretaceous  epoch. 

The  well-known  genera  Conus  and  Volteta  existed  in  the  Cretaceous  epoch ;  the 
former  having  furnished  to  it  one  and  the  latter  six  species. 

The  genera  Mitra  and  Fums  commence  with  the  Chalk,  the  latter  exhibiting 
seventeen  species. 

Colomhdlina  (D*Orb.),  confounded  with  RMteUaria^  is  peculiar  to  the  Cretaceous 
period. 

The  common  genus  Cerithium  commenced  in  the  Oolitic  and  its  species  became 
abundant  in  the  Chalk,  numbering,  in  several  sections,  thirty-six. 

Several  other  well-known  genera  either  appc^  for  the  first  time  in  the  Chalk  or  are 
more  fully  developed  in  species  than  in  preceding  formations. 

The  total  number  of  Gasteropoda  described  by  D'Orbigny  is  825,  and  he  finds  the 
number  of  species  greatly  increased  in  the  upper  geological  divisions,  being  the 
inverse  of  the  proportion  observable  in  the  Cephalopoda ;  so  that  we  may  assume, 
that  whilst  the  peculiar  forms  of  ancient  fauns  diminish  in  number  from  the  base  to 
the  summit  of  the  Cretaceous  epoch  in  the  class  of  Cephalopoda,  the  peculiar  forms 
of  our  recent  fauna  in  other  classes  increase. 

M.  D^Orbigny  draws  some  highly  important  geological  conclusions  from  his  exami- 
nation of  so  great  a  number  of  Ghisteropoda,  which  strongly  mark  the  great  importance 
of  Palaeontology. 

c  2 
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1.  There  are  distinct  lines  of  demarcation  between  the  snocesflive  fannto  of  the  eartli, 
since  np  to  the  present  time  no  evidence  has  been  obtained  of  the  passage  of  any  one 
species  of  Gasteropoda  from  the  Oolitic  into  the  Cretaceous  epoch,  or  of  that  of  a 
Cretaceons  species  into  the  Tertiary. 

2.  At  each  great  geological  epoch  there  existed  not  only  distinct  species,  but  also 
genera  and  zoological  forms  peculiar  to  it. 

8.  No  transition  being  observed  in  the  specific  forms  from  one  formation  to  another, 
it  may  be  assumed  that  the  succession  of  organized  beings  on  the  surface  of  the  earth 
was  not  by  gradual  x)assage,  but  by  the  extinction  of  existing  races,  and  the  creation 
of  new  species  at  each  geological  epoch. 

4.  These  conclusions,  drawn  from  the  Gasteropoda,  confirming  in  every  respeci 
those  which  have  been  obtained  from  the  Cephalopoda,  it  appears  that  two  distinct 
sets  of  Molluscs,  the  one,  the  Cephalopoda,  the  inhabitants  of  deep  seas,  and  tho 
other,  the  Gasteropoda,  the  inhabitants  of  the  more  shallow  water  of  the  sea  coast, 
have  combined  to  testify  that  the  earth  has  been  again  and  again  depopulated,  and 
again  renewed  in  its  living  creatures. 

These  were  the  opinions  of  the  great  naturalist,  D'Orbigny,  who  is  now  no*  more  ; 
but  it  must  be  observed  that  if  the  change  or  variation  of  the  one  form  of  a  species 
into  another  were  supposed  to  be  determined  by  definite  laws  of  periodicity,  the  same 
effect  would  be  produced,  as  by  successive  acts  of  creation. 

The  great  laws  which  have  been  thus  traced  in  tho  progressive  distribution  of  • 
organic  bodies,  from  the  consideration  of  the  Cephalopoda  and  Gasteropoda,  are  con- 
firmed by  the  next  great  class,  the  LarruUibranchiaia,  These  are  the  headless  Molluscs 
which  inhabit  bivalve  shells.  Not  possessed  of  the  means  of  rapid  movement  like  the 
Cephalopoda,  or  of  crawling  on  the  surface  like  the  Gasteropxnla,  they  are,  for  the  most 
part,  nearly  sedentary  in  their  habits,  and  consequently  are  the  more  liable  to  be 
limited  in  their  extension,  as  they  are  the  less  able  to  remove  themselves  from  injurious 
influences.  D'Orbigny  has  described  553  species  iu  th^  Cretaceous  fauna,  but  we  shall 
only  quote  from  him  a  few  of  the  genera  which  either  connect  generically  the  Cretaceous 
with  the  Oolitic  period,  or  which,  first  appearing  in  the  Chalk,  arc  still  members  of 
the  existing  fhuna,  or  which  are  peculiar  to  the  Chalk. 

Opts.  This  genus,  though  possessing  a  general  resemblance  to  the  genus  Cardium 
(or  Cockle),  is  very  strongly  distinguished  by  its  very  large  and  prominent  beaks.  It 
is  peculiar  to  the  Oolitic  and  Cretaceous  periods,  being  most  abundant  in  species  in 
the  former,  though  it  has  supplied  to  the  latter  six  species. 

Crcttsatella.  A  living  genus  in  hot  climates.  The  inhabitants  of  sandy  shores, 
they  bury  themselves  vertically  in  the  sand.  They  commence  with  the  Cretaceous 
period. 

Carditay  Cyi>rina,  and  Luc'ma  are  considered  by  D'Orbigny  to  commence  with  the 
Chalk. 

TrigorUa,  This  genus,  so  strongly  mjirked,  and  so  characteristic  of  the  Oolitic  period 
(although  one  species  is  assigned  by  D'Orbigny  to  an  earlier),  abounds  in  the  Cre- 
taceous, producing  there  21  sx>ecies ;  yields  only  one  to  the  Tertiary,  and  then  in  the 
recent  period  forms  part  of  the  extraordinary  fauna  of  Australia, — a  history  which 
suggests  to  the  mind  many  interesting  speculations. 
Myoconeha — ^peculiar  to  the  Oolitic  and  Cretaceous  peritwls. 

Clavagtlla.  This  very  remarkable  recent  genus  yields  its  first  species  to  the 
Chalk. 

Leguminarta — a  genus  which  gives  very  few  species  to  the  recent  fauna,  and  gave 
its  only  fossil  one  to  the  Chalk. 
Fhtulava — first  appears  with  the  Chalk. 
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Lavignwi  (Lutraria  of  Lamarck) — begins  in  the  CretaceooB  period. 

Arcopagia  (separated  from  Tellina) — ^first  occurs  in  the  Chalk. 

Thetis — peculiar  to  the  Chalk. 

Gtrvilia — common  to  the  Oolitic  and  Cretaceous  periods,  and  then  ceases  to  exist. 

Jnoceramus — abundant  in  species,  and  ends  in  the  Chalk. 

Janira — a  genus  now  separated  from  Peoten,  &c.,  containing  the  formerly  so-called 
p.  quinquecostatus,  P.  quadricostatus,  ^.,  begins  in  the  Cretaceous  period,  is  traceable 
in  the  Tertiary,  and  still  exists, 

Spondylut — begins  in  the  Chalk. 

Qstrea,  This  well-known  genus  of  our  present  seas  was  early  represented  with  the 
ancient  faunas  under  yery  distinctive  forms  :  to  the  Chalk  it  yielded  many  species, 
some  of  which  were  yery  remarkable  &om  the  complicated  manner  in  which  the  shell 
was  folde4  or  plaite(L 

Brackiopodn,  The  animahi  of  this  ^reat  class,  which  appeared  with  the  yery  first  of 
organic  beings  in  the  most  ancient  known  fauna  of  the  earth,  the  Silurian,  are  less 
perfect  in  their  organization  than  those  of  preceding  classes.  They  have  no  head,  havo 
neither  organs  of  vision  nor  of  hearing,  and  are  deprived  of  all  organs  of  motion. 
Whether  free  or  attached,  the  species  cannot  change  their  place,  and  must  therefore  be 
peculiarly  sensitive  of  great  cosmical  changes.  It  is  thus  that  they  have  become 
powerful  means  of  distinguishing  formations  or  epochs,  as  may  be  judged  from  the 
fuUowing  statement  of  the  range  of  the  several  genera,  in  which  it  will  appear  that  some 
of  them  are  even  more  limited  than  in  the  other  classes. 

Lingvla^  itom.  the  Silurian  up  to  the  recent  epoch,  where  it  still  exists. 

Produdus — Chonetes — Leptagqnia — Leptcena — from  the  Silurian  to  the  Triasic  in- 
clusive; and  then  disappear. 

Grthis — Orthisinck — Strephomena — Hemithlris — StrigocephaZvs  — Poramb<mUu — 
jRhynchonellOf — of  these  only  Bhynchonella  is  continued  to  the  Chalk,  where  it 
ceases. 

The  eight  genera  constituting  the  families  UnckidcB  and  SpirifetidcB — not  continued 
to  the  Chalk. 

Magas  is  peculiar  to  the  Chalk,  and  Terebraiulina  commences  with  it. 

Of  the  family  of  TtrebrcUulidcB,  as  restricted  by  D'Orbigny,  the  genus  TerchrcUtUa 
is  common  to  all  geological  formations,  and  is  still  living,  whilst  TerehraUUa^  Ter^ 
hrirostra,  and  Fudrostra  are  peculiar  to  the  Chalk. 

And  of  the  second  division  of  Brachiopoda,  Megathiris  and  Thecidea  appear  in  the 
Chalk,  and  are  still  living,  the  latter  being  attached  to  Coral  at  great  depths. 

Of  the  feunily  of  Caprinidce,  the  remarkable  genera  HippurUeSf  Caprina^  Capri' 
nfda,  and  CaprineUa  are  all  peculiar  to  the  Chalk,  and  would,  even  taken  alone,  stamp 
an  air  of  peculiarity  on  its  fauna. 

In  like  manner,  the  curious  genera  Radidtdes^  Biradiolides^  CaprotinOy  and  i2e- 
quieniaf  which  constituted  the  family  of  Jiadiolidce  of  D'Orbigny,  distinguished  the 
Cretaceous  fauna,  in  which,  at  several  successive  stages,  their  several  species  were 
grouped  together, — forming  in  deep  water  extensive  reefs,  like  the  coral  reefs  of  our 
present  seas. 

These  great  truths  are  equally  manifest,  if  the  inquiry  be  extended  to  the  Bckino- 
dermataf  and  specially  to  the  Echinida,  as  in  the  numerous  genera  and  species  of  the 
Cretaceous  epoch  will  be  found  some  approximating  to  our  recent  types,  but  many 
(see  Geology  Plate  XIII,)  peculiar  to  the  Chalk.  The  Crinoidce,  which,  like  the 
cepbalopodous  Molluscs  of  the  tetrabranchiate  order,  commenced  with  the  earliest  epochs, 
have  now  almost  disappeared ;  but  the  SchiniUss  still  mainti^in  their  importance  io 
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ft  tkt  Ckalk,  iheiefbn^  bj  Uiriui  approadiet  to  or  reeedes  from 

tkt  OBO  baad,  and  the  existing  &iiiia  on  the  other  ;  bat  thongh 

oonnection  with  the  recent  hu  been  Utely  suppoaed  to  exist,  it 

of  dilEere&oc^  vhich,  like  a  predpioe,  diTides  it  from  our  own 


f,  «,  V,  «,  j;  of  Table),  or  excluding  x,  and  merging  the  local 

iafto  the  great  leading  divisions, — the  Eocene,  Miocene,  aud  Pliocene  of 

the  Qnatemary  or  Pleistocene  embracing  the  still  more  recent 


the  flora  and  &ana  of  this  period,  it  will  be  well  to  refer  to  Table 
JIL,  aad  to  oonsidfir  the  proportion  of  foesil  to  recent  genera  in  the  sneeessiTe  forma- 
I  the  eridenoe  of  distinct  systems  is  stronger  when  thns  obtaioed  from  the 
grcmps  of  organised  beiogs  than  from  simple  species.  The  genera  may 
rf— nmbly  be  expected  to  be  less  affected  by  the  eomparatiye  areas  examined  than  the 
speeies  ;  or,  in  other  words,  it  is  more  difficult  to  accoont  for  the  total  absence  of 
many  living  genera  from  the  fossil  £san»,  and  of  the  similar  abeence  of  many  fossil 
genera  from  the  recent  (anna,  on  the  mere  supposition  that  it  is  due  to  the  compara- 
tirely  small  fossil  area  examined.  That  reason  is  legitimate,  and  has  great  force,  when 
it  is  applied  to  the  qnestion  of  comparative  abundance  of  species,  but  it  cannot  account 
for  the  want  of  identity  either  of  species  or  genera:  and  if  the  fact  of  a  want  of  such 
identity  is  remarkable  when  derived  form  the  smaller  groups  or  species,  how  much 
more  striking  must  it  be,  if  found  equally  deducible  from  the  greater  groups  or  genera! 
Looking  first  to  the  flora,  it  appears  that  in  the  whole  aeries  of  strata  deposited  from 
the  earliest  Silurian  to  the  Cretaceous  inclusive,  no  recent  or  now  living  genus  of  plants 
has  as  yet  been  discovered  :  whereas  in  the  Tertiary  one-third  of  the  genera  are  still 
living.  • 
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An  examination  of  these  numbers  at  once  points  out  the  enormous  soological 
differenee  between  the  latest  of  the  Secondary  formations  and  the  first  of  the  Tertiary, 
— between,  as  it  were,  the  more  ancient  epochs  and  that  in  which  the  world  was 
almost  prepared  for  the  reception  of  Man  and  the  organic  beings  associated  with  hinL 

The  most  striking  fact  in  the  Bocene  or  earlier  division  of  the  Tertiaries  is  the 
oeeurrenoe  of  Quadrumana.  These  remarkable  animals,  the  next  in  order  of  organiza- 
tion to  Man,  were  first  recorded  as  inhabitants  of  the  earth  during  the  Tertiary  epoch 
by  Lieutenants  Baker  and  Dnrand  of  the  Indian  army,  in  1836,  and  again  in  1837,  by 
Capt.  Cautley  and  Dr.  Falconer ;  but  in  these  cases  the  fossil  remains  were  from  a 
region  ihe  present  climate  of  which  is  suitable  to  the  existence  of  such  animals.  In 
1837,  M.  Lartet  discovered  in  the  fresh- water  Tertiaries  of  the  South  of  France 
quadmmanous  remains,  and  in  like  manner  they  have  been  discovered  in  the  Tertiaries 
of  South  America ;  so  that  their  appearance  has  thus  been  carried  back  to  the  very 
dawn  of  <mr  present  fisuna.     Professor  Owen  has  remarked,  that  whilst  *'  the  fossil 
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SeumopithecoB  of  India,  and  Protopithecos,  or  Gapuclim  Monkej  of  Brazil,  are,  like 
the  lower  organiied  extinct  mammals  associated  with  them,  of  gigantic  size  as  com- 
pared with  the  nearest  existing  analogues  of  the  same  localities,  it  is  interesting  to  find 
that  the  representatiyes  of  the  qaadrumanoos  order  found  in  a  climate  which  is  now 
unfit  for  the  existence  of  apes  and  monkeys  in  a  state  of  nature,  were  of  smaller  sixe 
than  their  now  nearest  analogues ;  a  fact  which  seems  to  indicate  that  although  the 
climate  was  warmer  than  at  present,  it  was  not  of  so  strictly  tropical  a  character  as  to 
favour  the  full  development  of  the  quadrumanous  type." 

In  the  Eocene  gypsum  of  Montmartre,  Cuvier  discovered  the  remains  of  Bats,  and 
their  existence  in  the  Eocene  sands  has  been  rendered  very  probable.  Such  remains 
are  also  found  in  the  Bone  Caves,  associated  with  extinct  animals.  In  the  most  recent 
(or  rather  post-tertiary)  beds  of  the  Tertiary  epoch,  remains  of  the  Mole,  the  Shrew, 
&c.,  have  been  found, — every  step  bringing  us  nearer  and  nearer  to  the  ordinary  con- 
dition of  the  existing  fauna. 

The  necessary  limits  of  this  article  will  only  permit  a  rapid  sketch  of  the  other  pecu- 
liarities of  the  Tertiary  fauna.  The  Chsaropotamus  of  the  Eocene  strata  is  a  link 
between  the  Hippopotamus  and  the  Hog  :  it  resembled  the  Peccari  of  Mexico,  but  was 
about  one-third  larger.  The  genus  Hippopotamus  occurs  in  the  Pliocene  fauna  (H. 
major  or  great  fossil  Hippopotamus),  and  is  represented  in  the  Tertiaries  of  India  by 
its  congener,  Hexaprotodon  of  Cautley  and  Falconer.  Of  other  Pachydermata,  the 
genera  Hyracotherium,  Palseotherium,  Anoplotherium,  &c.,  occur  in  the  earlier 
Tertiaries,  and  mark  them  with  a  peculiarity  which  diminishes  in  the  more  recent, 
until  at  length  both  the  genera  and  species  are  nearly  identical  with  those  of  the 
living  fauna.  Of  the  above  animals  it  has  been  justly  remarked  by  Owen  as  a  curious 
fact,  that  the  nearest  living  analogues  of  the  Chsropotamus,  the  Anoplotherium  and 
Palffiotherium,  namely,  the  Peccari  or  Mexican  Hog,  the  Llama,  and  the  Tapir,  should 
all  be  found  in  South  America  ;  so  that  the  grouping  of  the  British  fauna  in  the  Eocene 
epoch  corresponded  with  that  of  the  living  South  American  &una, — a  fact  which  will 
remind  the  reader  of  a  similar  grouping  of  the  Oolitic  fauna  as  compared  with  that  of 
Australia. 

Turning  to  the  Reptiles, — the  Eocene  epoch  was  rich  in  Chelonians,  the  London 
clay  of  our  own  island  having  yielded  no  less  than  eleven  species  of  the  marine  genus 
Chelone,  or  Turtle.  How  striking  is  this  fact,  when  it  is  recollected  that  only  five 
well-defined  species  of  Chelone  have  as  yet  been  discovered,  notwithstanding  the 
eager  search  for  these  animals,  by  naturalists  and  commercial  voyagers,  in  the  tropical 
seas  of  our  world  !  Fresh- water  Tortoises  are  still  represented  in  the  European  fiiuna 
by  the  Emys  or  Cistudo  Europsa,  which  can  live  in  our  own  island  in  suitable  localities ; 
but  this  extraordinary  abundance  of  marine  Chelonians  in  the  Eocene  fauna  of  Eng- 
land,— the  Island  of  Sheppey  alone  producing  more  species  of  Turtles  than  are  now 
known  to  exi&t  in  the  whole  world,— can  only  be  explained  by  some  great  cosmical 
change.  They  agree  with  other  organic  bodies  of  the  period  in  demonstrating  a 
warmer  climate  to  have  prevailed  during  that  period,  and  the  production,  under  its 
influence,  of  an  abundant  supply  of  food.  But,  in  addition  to  this.  Professor  Owen 
advances  the  truly  philosophical  opinion,  that  to'some  of  the  extinct  species,  which, 
like  Chelone  longiceps  and  C.  plauimentum,  have  a  form  of  head  well  adapted  for 
penetrating  the  soil,  was  assigned  the  task  of  checking  the  undue  increase  of  the  now 
extinct  Crocodiles  and  Gavials  of  the  same  epoch,  by  devouring  their  eggs  or  young  ; 
just  as  in  like  manner  they  may  have  been  in  return  an  occasional  prey  to  the  older 
individuals  of  the  same  carnivorous  Saurians.  In  the  fluviatile  Chelonians  the  same 
remarkable  distinction  of  the  Eocene  fauna  is  preserved. 

Of  the  genus  Trionyx,  or  of  the  soft  Tortoises  generally,  no  species  have  yet  been 
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obaerred  in  Eoropeftn  rirera,  ''all  those  which  have  been  described,  and  of  which 
Ike  habitat  is  known,  having  come  from  the  streams,  riyers,  or  great  fresh-water 
lakes  of  the  warmer  regions  of  the  globe  ;"  but  at  the  Eocene  epoch  the  Trionjoes 
abounded  in  the  fresh  waters  of  our  latitudes,  Professor  Owen  baring  described  eight 


Of  Marsh  Tortoises  the  numbers  were  not  so  great,  eomparatiyely  speaking,  since 
in  the  existing  &nna  this  family  exhibits  the  greatest  number  of  species.  Two  species 
of  the  genus  Platemys  and  six  of  the  genus  Eroys  have,  however,  been  described  by 
Bell  and  Owen  ;  M.  Pictot  has  lately  added  many  new  species  of  Chelonians  disooyered 
in  the  Tertiary  deposits  of  Switzerland,  and  if  the  total  number  of  Chelonians  dis- 
interred from  Tertiary  strata  be  considered,  we  shall  be  equally  justified  in  designating 
the  Tertiary  as  an  age  of  Chelonians  as  we  were  in  calling  the  Lias  an  age  of  Saurians. 
Before  turning  from  the  contemplation  of  a  fauna  which  at  once  embraced  so  great 
a  variety  of  Chelonians,  Serpents  of  very  large  size,  great  Lizards,  and  mighty  Cro- 
codiles,  it  is  desirable  to  dwell  for  a  moment  on  the  reflections  which  they  have  excited 
in  the  mind  of  Professor  Owen  : 

'*  The  fossil  reptiles,"  he  obsenres,  "  like  the  fossil  fishes,  approximate  nearest  to 
existing  species  in  the  Tertiary  deposits,  and  differ  from  them  most  widely  in  strata 
whose  antiquity  is  highest. 

"  Not  a  single  species  of  fossil  reptile  now  lives  on  the  present  surface  of  the  globe. 
"The  characters  of  modem  genera  cannot  be  applied  to  any  species  of  fossil  reptile 
in  strata  lower  than  the  Tertiary  formations. 

'*  No  reptile,  with  vertebrae  articulated  like  those  of  existing  species,  has  been  dis- 
covered below  the  Chalk. 

''Some  doubt  may  be  entertained  as  to  whether  the  Icthyosaurus  communis  did 
not  leave  its  remains  in  both  Oolitic  and  Cretaceous  formations  ;  but  with  this  excep- 
tion, no  single  species  of  fossil  reptile  has  yet  been  found  that  is  common  to  any  ttpo 
grecU  geological  formatioru, 

"The  evidence  acquired  by  the  researches  which  I  have  detailed  permits  of  no 
other  conclusion,  than  that  the  different  species  of  reptiles  were  suddenly  introduced 
upon  the  earth's  surface,  although  it  demonstrates  a  certain  systematic  regularity  in 
the  order  of  their  appearance.  Upon  the  whole,  they  make  a  progressive  approach 
to  the  organization  of  the  existing  species,  yet  not  by  an  uninterrupted  succession 
of  approximating  steps.  Neither  is  the  progression  one  of  ascent ;  for  the  reptiles 
have  not  begun  by  the  perennibranchiate  type  of  organization,  by  which,  at  the  present 
day,  they  most  closely  approach  fishes ;  nor  have  they  terminated  at  the  opposite 
extreme,  viz.  at  the  Dinosaurian  order,  where  we  know  that  the  reptilian  structure 
made  the  nearest  approach  to  mammals.  Thus,  though  a  general  progression  may 
be  discerned,  the  interruptions  and  &ult8,  to  use  a  geological  phrase,  negative  the 
notion  that  the  progression  has  been  the  result  of  self-developing  energies  adequate 
to  a  transmutation  of  specific  characters  ;  but  on  the  contrary,  support  the  conclusion, 
that  the  modifications  of  osteological  structure  which  characterize  the  extinct  reptiles 
were  originally  impressed  upon  them  at  their  creation,  and  have  been  neither  derived 
from  improvement  of  a  lower,  nor  lost  by  a  progressive  development  into  a  higher.'* 

Cephalopodous  Molluscs. — In  the  &nnse  of  preceding  epochs  the  Cephalopoda  have 
occupied  a  very  prominent  ])osition,  and  have  aided  materially  in  characterizing  them 
by  the  marked  and  highly  important  alterations  of  their  structure,  which  became 
apparent  in  successive  epochs.  The  family  of  Nautilidae  exhibited  a  great  variety  of 
modifications  at  the  earliest  fossiliferous  epoch,  namely,  the  Silurian ;  whilst  the 
family  of  Ammonidas  preserved  its  primaeval  plan  of  structure  nearly  to  the  Cretaceous 
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epoch)  when  it  aasnmed  all  those  remarkable  forms  which  have  bfen  dc9cribed  under 
the  genera  Turrilites,  Helicoceras,  Toxocerab,  Hamites,  Scaphites,  fiaculites,  &c.,  &c.  ; 
so  that  the  age  of  great  development  of  the  one  family  was  at  the  earliest  period  of 
the  Protozoic  formations,  and  that  of  the  development  of  the  other  family  at  the  latest 
period  of  the  Denterozoic, — ^a  &ct  which  ia  strongly  in  opposition  to  the  theory  of 
progressive  development,  ^ow  remar^Mibl^  also,  it  appears,  that  after  each  of  these 
epochs  of  extraordinary  development  of  forms,  the  family  which  was  the  subject  of 
it  should  have  either  relapsed  into  simplicity  or  entirely  disappeared  I  most  of  the 
abnormal  forms  of  the  NautilidsB>  such  as  the  Phragmoceras,  Lituitus,  Gomphoceiras, 
&c.,  having  vanished  with  the  strata  in  which  they  first  appeared,  just  as  the  similar 
abnormal  forms  of  Ammonidse  vanished  with  the  Cretaceous,  or  in  the  epoch  of  t^ir 
birth.  The  sudden  disappearance  of  the  whole  family  of  the  Ammonidsa  is  one  of  the 
most  remarkable  facts  of  natural  history,  more  especially  as  it  is  contrasted  with  the 
continued  existence  of  the  Nautilids?,  in  its  simple  or  normal  form,  both  in  the  Tertiary 
and  still  existing  epochs. 

But  before  noticing  the  Eocene  species,  let  ns  for  a  moment  turn  to  the  dibranchiate 
Cephalopoda,  and  mark  the  state  of  their  development  at  this  epoch.  In  the  genera 
Belosepia,  Beloptera,  and  Belemnosis  are  found  cpnnecting  links  betwe^  the  Belem- 
nites,  which  were  such  interesting  members  of  the  Oolitic  and  Cretaceous  faunte,  and 
the  Sepidse,  or  Cuttle-fish,  of  the  recent ;  and  these  three  genera  yielded  six  species  to 
the  British  fauna.  In  these  forms,  therefore,  the  peculiarities  of  the  more  ancient 
dibranchiate  Cephalopoda  are  disappearing,  whilst  the  characters  of  the  recent  ars 
becoming  more  distinct ;  but  in  this,  as  in  the  case  of  reptiles,  the  change  cannot  be 
said  to  be  from  the  simple  to  the  compound,  but  rather  from  the  compound  to  the 
simple.  In  like  manner,  the  most  simple  forms  of  the  tetrabranchiate  Cephalopoda 
have  alone  been  preserved  to  our  recent  fauna.  The  genus  Nautilus  of  Eastern  Seas, 
first  made  known  early  in  the  last  century  by  Rumphius,  and  first  described  with 
accuracy  by  Professor  Owen,  was  indigenous  to  our  British  Seas  in  the  Eocene  epoch, 
having  then  contributed  six  species  to  the  fauna  of  England.  These  deserve  somo 
special  notice,  in  order  to  explain  their  supposed  distinction  from  the  recent  species. 

Nautilus  centralis  is  small,  those  found  not  having  exceeded  3"*?  in  diameter  ;  and 
in  the  simplicity  of  the  septa  and  the  central  position  of  the  siphuncle  they  nearly 
resemble  the  recent  Nautili,  whilst  they  are  distinguished  firom  them  by  a  very  ventri- 
cose  and  almost  globose  aspect^  the  dimensions  of  the  largest  specimen  being  3" '7  in 
diameter  and  3" '3  across.  It  is  probable  that  this  species  extends  into  the  Miocene 
strata. 

Nautilus  regaUs — a  very  splendid  species,  as  it  has  been  known  to  attain  the  size 
of  94  inches  in  diameter  and  5  inches  across.  The  umbilicus  is  closed  by  a  thickening 
of  the  lip,  which  looks  like  a  solid  axis  to  the  shell :  the  siphuncle  is  small  and 
eccentric ;  the  septa  are  nearly  simple,  presenting  on  each  side  slight  undulations. 
In  the  young  shell  the  septum  is  characterised  by  a  conical  depression  placed  on  the 
dorsal  margin,  close  to  the  preceding  whorl,  and  having  the  appearance  of  a  second 
siphuncle,  for  which  it  has  been  mistaken. 

Nautilus  urhanus — a  flat  discoidal  shell,  with  obscure  undulations  like  those  of 
N.  regalis.  The  siphuncle  is  eccentric,  approaching  the  dorsal  margin  ;  the  umbilicus 
is  narrow,  but  open.  It  is  distinguished  from  N.  centralis  by  its  flatness  and  the 
greater  length  of  its  aperture,  and  from  N.  regalis  by  its  open  nmbilicus  and  discoidal 
shape.     It  attains  a  large  size,  namely,  7" '4  in  diameter  and  3" '4  across. 

Nautilus  imperialism — This  species  is  easily  distinguished  from  N.  centralis  by 
an  eccentric  position  of  the  siphuncle,  and  from  N.  regalis  and  N.  urbanus  by  its 
orbicular  form,  lunate  septa,  and  recorved  dorsal  lobes,  which  form,  as  it  were, 
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an  axis  to  the  shell ;  a  very  Ur^e  species  having  attained  the  size  of  12  inches  hj 
8^  across. 

Nautilus  Sowtrbyi — a  discoidal,  or  rather  a  lenticular  shell,  the  aperture  having  a 
triangular  aspect.  The  septa  are  very  concave,  having  on  each  side  a  broad  undula- 
tion with  a  deep  sinus-like  depression,  caused  by  a  lateral  lobe :  the  siphuncle  is  very 
near  to  the  dorsal  margin.  It  has  attained  the  size  of  10  inches  diameter  by  4"*2 
across. 

Nautilus  Parhinsoni. — The  septa  are  moderately  concave,  with  angular  lobes  on 
each  side.  In  this  latter  respect  it  resembles  Aturia  zic-zac,  whilst  it  possesses  the 
siphuncle  of  the  genus  Nautilus,  which,  though  very  eccentric  in  this  species,  is  still 
ti-uly  discal.  It  is  a  connecting  link  between  the  Nautili  and  Clymenid»,  and  through 
the  latter  leads  to  the  GK)niatites  and  Ammonites.  It  attains  a  very  large  size  ;  the 
largest  chamber  in  Parkinson's  specimen,  and  that  chamber  manifestly  not  the  last, 
measuring  9  inches  by  7. 

From  these  descriptions  it  is  manifest  that  the  genus  Nautilus  was  still  in  a  highly 
developed  state  in  the  Eocene  formation  :  it  continued  so  in  the  Miocene,  and  it  still 
exists,  though  now  diminished  in  size  and  number  of  species,  and  confined  to  the  seas 
of  the  tropics.  It  is,  therefore,  a  connecting  link  between  the  extinct  and  the  recent 
faune. 

Of  the  family  of  Clymeniddf  of  which  the  genus  Clymenia  (Munster)  is  the  type, 
there  is  also  a  representative  in  the  Tertiary,  though  none  in  the  recent  epoch.  In 
the  description  of  D'Orbigny's  classification,  it  was  stated  that  Clymenia  or  Aganides 
(D'Orbigny  having  adopted  the  name  given  by  De  Muntfort  to  a  species  which  is 
now  supposed  to  be  a  Gbniatite),  having  flourished  as  a  characteristic  genus  in  the 
Protozoie  formations,  suddenly  disap^jeared,  to  reappear,  as  it  were,  foi  a  moment  in 
the  Tertiary.  Bronn,  however,  has  established,  a  separate  genus  for  the  Tertiary 
shells,  under  the  name  of  Aturia,  as  the  whorls  are  exposed  and  the  siphuncle  is 
narrow  in  Clymenia,  whereas  in  Aturia  the  last  whorl  conceals  the  others,  and  the 
siphuncle  in  the  typical  species,  Aturia  zic-zac,  is  of  great  size  and  funnel-shaped, 
though  in  both  there  is  the  same  position,  namely  dorsal  and  marginal,  of  siphuncle. 
These  differences,  following  the  analogies  of  classification  in  the  genera  Nautilus  and 
Ammonites,  scarcely  justify  generic  separation,  unless  indeed  they  had  been  manifested 
in  a  number  of  species  of  the  new  genus  Aturia. 

The  Aturia  zic-zac  (Nautilus  zic-zac  of  Sowerby)  was  very  widely  distributed,  having 
occurred  in  the  Eocene  strata  of  Europe  and  America,  and  been  continued  into  the 
Miocene.  The  zic-zac  or  pointed  character  of  the  lateral  lobes  of  the  septa,  and  the 
trumpet-shaped  siphuncle  at  present  distinguish  it  as  a  species. 

The  nature  of  the  differences  between  these  species  merits  careful  consideration  in  a 
philosophical  point  of  view,  as  it  cannot  be  considere^l  of  an  order  likely  to  affect 
materially  internal  organization,  though  still  sufficient  to  serve  as  geological  records 
in  distinguishing  between  successive  formations. 

It  is  unnecessary  to  pursue  this  investigation  into  the  other  classes  of  Mollusca 
wliicb  exhibit  the  continued  approximation  in  genera  and  species  to  the  recent  fauna 
of  the  earth,  as  we  have  now  arrived  at  that  point  where  the  ancient  is  blended  into 
the  modern  world.  In  pursuing  our  course  through  this  interesting  enquiry,  we 
have  mostly  selected  examples  from  European  data,  as  they  were  best  calculated  to 
exhibit  to  us  the  peculiarities  of  successive  faunae  in  contrast  with  that  now  existing  ; 
but  had  our  object  been  to  refer  to  extinct  animals  as  a  necessary  portion  of  the  studies 
of  a  Zoologist,  many  very  curious  examples  might  have  been  cited  from  South  Africa 
and  the  East  Indies. 

Even  still  later  in  the  World's  history,    the  mighty  Mastodon  and  the  extinct 
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Elephant,  fiear,  Ehinoceroa,  Hippopotamus,  Giant  Deer,  &c.,  still  marked  a  dis- 
tinction in  the  fauna ;  but  as  species  of  most  familiar  kind  were  associated  with 
them,  such  as  the  Fox,  Wol^  Badger,  Otter,  &c.,  it  is  difficalt  not  to  consider  them 
j>ortions  of  the  present  system  ;  nor  indeed  is  there  so  great  a  difference  between  some 
of  them  and  existing  species  as  there  is  between  the  now  extinct  Dodo  and  Solitaire 
of  the  Mauritius  and  Isle  of  Bourbon,  and  more  common  genera  and  species  of  those 
and  other  localities.  In  these  later  deposits,  however,  may  still  be  noticed  the 
remarkable  occurrence  of  forms  now  only  known  in  warmer  latitudes ;  and  it  would 
appear,  therefore,  that  they  had  gradually  died  out  of  the  Northern  faunse,  though 
represented  by  closely  allied  species  in  the  Southern.  The  mode  in  which  these  great 
changes  have  been  effected  must  ever  continue  to  us  a  mystery,  but  the  fact  remains 
an  important  guide  in  geological  speculations. 

IHstribution  of  Species. — The  distribution  of  marine  animals,  which  form  so  large 
a  proportion  of  those  which  have  preserved  to  us  a  knowledge  of  the  more  ancient 
faunae  of  the  earth,  must  necessarily  deserve  attentive  study  ;  and  for  this  purpose  we 
cannot  do  better  than  examine  the  principles  established  by  Professor  Forbes  as  the 
result  of  his  dredging  inquiries.  He  states  that  the  distribution  of  marine  animab 
is  determined  by  three  great  primary  influences,  namely, — climate,  composition  of 
the  sea  bottom,  and  depth, — corresponding  in  character  with  those  which  deter- 
mine the  distribution  of  land  animals,  namely, —  climate,  mineral  structure,  and 
elevation, — these  primary  influences  being  modified  by  several  secondary  or  local 
causes. 

In  the  Eastern  Mediterranean,  eight  well-marked  regions  of  depth  were  characterised 
each  by  its  peculiar  fauna,  and  wherever  plants  were  present,  by  its  flora.  These 
organic  assemblages  include  some  species  which  are  only  found  in  one  particular  zone, 
some  which  existed  in  preceding  but  do  not  continue  into  subsequent  zones,  and  some 
which,  beginning  in  that  zone,  continue  to  exist  in  succeeding  zones. 

In  this  manner  certain  species  have  their  maximum  of  development  in  one  zone, 
and  being  there  most  prolific  in  individuals,  may  be  regarded  as  especially  charac- 
teristic. The  sea  bottom,  in  its  mineral  character,  has  generally  a  certain  uniformity 
in  each  zone,  that  uniformity  being  more  decided  in  the  lower  than  in  the  upper  zones. 
The  deeper  zones  are  greater  in  extent,  so  that  whilst  the  first  or  most  superficial  is  but 
12  feet,  the  eighth  or  lowest  is  above  700  feet  in  perpendicular  range  ;  and  the  more 
purely  littoral  animals  were  therefore  more  subject  to  limitation  than  those  of  deep 
waters  :  it  is  by  the  careful  study  of  the  results  of  the  laws  which  have  regulated  the 
distribution  in  depth  of  living  marine  organisms,  that  it  becomes  possible  to  deduce 
the  former  living  position  of  fossil  organic  relics. 

First  Region,  or  LiUorcU  Zone. — This  is  the  least  extensive,  as  two  fathoms  may 
be  considered  its  inferior  limit,  and  its  mineral  nature  is  as  various  as  the  coast  line ; 
but  limited  as  it  is,  there  are  well-maiked  subdivisions.  The  variety  of  its  bottom 
necessarily  produces,  according  as  it  is  sand,  rock,  or  mud,  a  variation  in  the  associa- 
tion of  its  several  species.  That  portion  which,  forming  the  water-mark,  is  left 
exposed  to  the  air  during  the  ebb  of  the  tide,  presents  species  peculiar  to  itself,  which 
resist  the  effect  of  so  great  a  change,  by  either  closing  their  valves  or  burying 
themselves  in  the  mud  or  sand.  In  the  lower  portion  of  this  zone  are  the  must 
characteristic  species,  the  colours  both  of  shells  and  animals  being  most  fully  and 
beautifully  developed.  As  local  influences,  such  as  variation  of  sea  bottom,  differences 
in  tides  and  currents,  flo wing-in  of  rivers,  &c.,  now  induce  a  peculiar  or  local  distri- 
bution of  species,  the  same  effects  must  have  been  produced  fi*om  similar  causes  in 
the  ancient  faunse.     The  fauna  of  this  belt  must  be  also  varied  by  many  stray  species, 
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either  driyen  in  by  storms  or  brought  down  by  rivera,  land  shells  and  plants  beiiij; 
frequently  mixed  up  with  its  true  marine  inhabitants. 

.    Professor  Forbes  enumerates  from  the  JRgc&n  Sea  33  species  of  the  Lamellibran- 
chiata  and  107  of  the  Gasteropoda. 

Second  Region, — It  extends  from  2  to  10  fathoms,  and  the  sea  bottom  is  generally 
either  sand  or  mud.  In  the  Mediterranean,  the  Holothurisc  abound  in  this  region,  as 
do  the  burying  ConchifersQ. 

In  the  JEgean  this  zone  produced  34  speciea  of  Lamellibranchiata,  and  of  the 
Gasteropoda  76  species,  so  that  the  number  of  species  is  considerably  less  than  in  the 
preceding  zone;  and  it  may  also  be  obserred  that  not  being  entirely  beyond  the 
lictiop  of  the  storm  wave^  its  inhabitants  are  often  washed  up  and  carried  into  the 
littoral  zone. 

Third  Region. — From  10  to  20  fathoms,  the  sea  bottom  being  generally  gravelly  in 
places,  with  great  tracts  of  sand.  This  zone  presents  few  peculiarities,  and  is,  as  it 
vere,  one  of  transition.  Large  HoLothurifie  are  still  abundant, — of  Lamelli branch  iata 
there  are  51  species  in  the  i£gean,  and  of  Gasteropoda  74.  There  is  little  doubt 
that  the  extension  of  the  muddy  sea  bottom  of  the  last  zone  into  this,  leads  to  an 
/approximation  in  the  zoological  characters  of  the  two  zones. 

Fourth  Region, — From  20  to  35  iathoms.  The  sea  bottom  is  very  various,  mud  and 
gravel  prevailing,  sandy  tracts  being  very  rare.  Sponges  abound,  some  of  the  finest 
used  in  commoi'OB  growing  here.  Amongst  Fuci,  Codium  bursa  is  quoted  in  this  zone  ; 
1%  occurs,  however,  in  the  preceding  in  the  channel  of  Corfu. 

Of  Lamellibranchiate  species  the  £gean  yielded  67,  of  Gasteropoda  88  ;  in  respect 
to  which  some  cautionary  remarks  are  necessary.  Dentalium  rubescens,  which  occurs 
^  the  fourth  zone,  appears  also  in  the  first,  but  not  in  the  second  or  third :  such  a 
dLstribution  seems  to  imply  a  mere  local  result,  as  the  depth  of  the  fourth  zone  is  such 
as  to  remove  ite  species  &om  any  action  but  that  of  currents,  and  these  must  have 
passed  the  species  over  the  intermediate  zones,  bad  they  been  thus  disturbed  and 
moved.  Aporrhais  pes-pelecani  occurs  highly  developed  in  the  third  and  fourth  zones, 
but  not  in  the  second ;  but  it  is  highly  probable  that  in  other  localities  it  would  be 
found  in  the  second  also.  In  this  region  the  Brachiopoda  first  appear,  yielding  two 
Bpecies. 

Fifth  Region. — From  35  to  55  fathoms,  presenting  a  well-marked  fauna.  The  sea 
bottom  is  generally  nuUiiJore  and  shelly,  mud  being  rare.  Of  Lamellibranchiata,  in 
the  £gean,  it  produces  58  species, — of  Gasteropoda  7^,  and  of  Brachiopoda  4. 

Sixth  Region, — From  55  to  79  fathoms,  nullipore  being  the  prevailing  sea  bottom. 
Fuci  have  become  very  scarce.  Of  Lamellibranchiate  Mollusca  48  species,  and  of 
Gasteropoda  43  species,  were  observed  in  the  £gean,  and  of  Brachiopoda  5.  Fec- 
tunculus  pilorus  is  given  at  its  full  development,  and  it  occurred  abo  in  the 
fifth  zone;  but  there  can  be  little  doubt  that  it  exists  also  in  much  higher 
sones. 

Seventh  Region. — From  80  to  105  fathoms, — has  a  characteristic  fauna,  with  a  sea 
bottom  generally  of  nullipore,  and  more  rarely  of  sand  or  mud.  Herbaceous  Fuci 
have  disappeared,  as  also  Mollusca  tunicata.  Echynocyamus  amongst  the  Ecbinida 
occurs  frequently  alive,  but  its  range  extends  much  higher,  as  it  is  not  unfrequently 
found  alive  in  the  third  region  in  the  channel  of  Corfu. 

The  Lamellibranchiata  yielded  only  33  species,  and  the  Gasteropoda  42  ;  but  the 
Brachiopoda  were  here  increased  to  7  species. 

Eig}Uh  Region — includes  all  the  space  below  103  fathoms,  and  extends  to  the  depth 
of  230  fathoms,  having  an  uniform  and  well-characterized  fauna,  distinguished  from 
all  the  preceding  by  species  pecuUar  to  itself^     Within  thia  region  the  number  of 
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ipedes  and  of  indiTidualii  diminUbeB  as  tha  depth  iucreasea,  poiiiting  to  a  ten  in  tha 
distribntjoti  of  animal  life  not  jet  srriTed  at. 

The  lamellibnaehiata  amoiitit«d  to  30  spedes,  the  Qasteropoda  to  23,  and  the 
BrachiDpoda  to  S.  Of  theae,  odIj  8  of  the  Lsmellibianchiata  were  txkcD  alive,  and 
3  of  the  Qasteropodit, — all  the  Brachiopoda  and  10  Ptcropoda,  Jtc,  in  addition,  being 
dead.  Of  tbe  (iaatoropoda,  IT  species,  with  23  lAmellibranchiata  and  3  of  fim- 
ehiopdda,  occurred  at  depths  between  110  and  ISO  lathoma;  4  Qarteropods,  II 
LanielH branch iata,  and  1  Braohiopode,  between  180  and  200  fathoms ;  and  unlj  1 
Gaateropode,  I  lamellibtanehiata,  and  I  Brachiopode,  above  200  fathoms. 

The  lero  of  animal  life  is  eapposed  bj  Professor  I^ocbes  (a  be  about  300  bthoms, 
the  sea  bottom  being  mud  without  organic  remains. 

It  is  found  on  eiamining  the  apeciei  with  reference  Ut  their  oocnrrence  in  other 
coantrica,  that  those  wbich  appear  to  Lave  existed  in  a  greater  number  of  tones  field 
a  higher  per-centage  of  Celtic  or  Britiah  forms  than  thoeo  which  are  confined  to  a 
.  smaller  nQmber  of  tones  ;  for  example,  of  tboM  wbich  are  common  to  four  or  mare 
tones,  }rd  are  Northern,  whilst  of  those  which  range  through  leaS  than  four  r^ons, 
only  n  little  above  ^th  are  common  to  the  Britiah  seas.  And  Irom  these  &cta  this 
general  law  is  deduced, — Thai  Ike  eiient  of  Iht  range  of  a  tpteiet  In  depth  x»  eorrt- 
tpondcat  vUh  ilt  geographiait  diitribalion. 

Professor  Forbes  giiea  the  following  Table  to  illustrate  another  important  conm- 
deration  in  resjiect  to  tbe  diatiibution  of  spe<!ieB;  namel},  its  Tariatlon  as  regards  the 
different  fiuniliea  of  TeBlaoea. 
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Prom  this  Table  it  ^ipeat*  that  the  least  per-eentige  of  the  whole  namber  of 
Testacea  is  found  in  the  highest  and  lowest  tones, — tbe  grsatest  in  the  Srd,  4th,  Eth, 
and  a  medinm  per-eeatage  in  the  2nd,  6th,  and  7th. 

The  cause  of  these  resnlbi  ma;  be  traced  to  the  small  range  of  some  species,  aa  maj 
be  obserred  on  comparing  the  number  of  British  forms  in  the  preceding  Table  with 
the  total  numbers  in  the  fbltowing. 
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And  it  is  erident,  thfrerore,  that  the  Geologist,  in  his  rrasnainj^  on  the  fntail  honn 
of  past  epochi,  murt  lake  into  consideration  not  onl j  the  total  numbet  of  ipecies,  but 
also  the  number  of  species  in  each  familj,  in  order  to  arriTe  at  sare  conclnsinns  u  to 
olimatal  chintz  ;  snd  in  dainft  so  he  mnst  also  benr  in  mind  the  KiTnt  iuflneacB  of 
the  sea  bottom  in  dctenuining  the  prewnoc  of  ceil^in  fomiUes  of  TciUcea. 

It  will  be  rendllj  believed  that  these  lonea  of  depth  miist  be  the  scene  of  Ineenant 
chaDRe,  as  in  one  place  the  tuloeral  matter  in  nsshed  aimj.  and  in  another  it  ii 
deposited,  increasing  or  decreasiog  the  depth  ;  and,  in  like  manner,  the  siime  effects 
ma;  be  produced  bj  the  depression  or  elevation  of  the  sea  bnttoin  from  movements  of 
disturbance,  movenienta  irbich  are  still  continuing,  and  vhich  were  so  powerfnllj 
exbibiteil  in  ancient  epochs.  In  tbis  manner  the  hitcral  lUalribution  of  a  ipecies  is 
often  arrested  bj  a  change  of  the  sen  bottom,  and  its  total  annihilatiim  produced  bj 
a  luddeu  alteration  of  the  depth  suited  to  its  existence.  When  the  change  is  only  in 
depth,  those  species  which  have  the  power  of  existing  thrnngh  a  great  range  will 
eoDtinue  (o  live,  whilst  others  will  dwindle  awaj  and  die  ;  bnt  when  the  change  of. 
depth  is  accompanied  by  n  change  of  sea  bottom,  the  effuct  will  be  at  om^e  a  diminntjon 
in  the  unmher  of  species,  and  also  a  cessation  of  some  of  the  fnmilies.  Professor 
Forbes  has  also  remarked  that  the  long-continued  and  undisturbei!  existence  of  TestAcen, 
on  an;  gronnd,  most,  bj  the  accuinulatioD  of  their  dead  ddbrls,  render  that  groand 
nufit  [or  the  continnatlon  of  life  until  it  has  been  eovenxl  with  a  new  layer  of  aedi- 
mentarj  matter,  uncharged  with  orgnnio  contents, — an  that  beds  rich  in  organie 
remains  may  altemnto  with  others  containing  none  ;  a  )ihenamcnnn  well  known  (o  the 
Geologist.  Kveiy  species  h.ii,  according  to  Professor  Forbes,  three  maxima  of 
developmeut, — in  depth,  in  geographic  space,  in  time.  In  depth,  it  is  at  first  repre- 
asuted  by  few  iudiiidnats,  which  bocomo  more  and  more  nume^on[^  until  it  hoi 
attained  that  precise  tone  where  all  circnmatances  most  favour  iti  growth,  when  it 
begins  to  diminish  in  number,  and  at  length  dittppeara.  So,  nbn,  in  geographical 
nuge,  it  multiplies  aulil  it  has  attained  the  climate  most  suitable  to  its  growth  ;  and 
in  time,  or  geological  range,  a  similar  maximum  may  be  oWrveil ;  bat  in  this  case  it 
should  be  premised  that  the  continuance  of  a  specific  form  ought  generally  to  corrs- 
spend  with  a  geological  fnrm.itiou. 

Applying  these  reasonings  to  former  epochs,  the  Qeotogist  must  bear  in  mind  that 
there  may  have  been  then,  as  now,  a  beginning  and  minimum  of  derelopment  of 
particalar  species  in  some  one  section  of  a  formation,  an  iDCressa  in  its  development, 
•a  it  proceeded  from  the  oeutrs  of  creation,  until  it  had  attained  its  maximum,  and 
then  a  grsdoal  dimiuntiuu  to  a  second  minimnm.  The  modification  or  destruction,  by 
whatersr  eanse  it  may  have  been  prodoeed,   of  the  &<tna  of  a  formation,  was  not 
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therefore  always  comcldent  with  the  duration  of  a  species,  but  often  took  phice  when 
it  was  at  its  maximum  of  deyelopmenti  as  is  strikingly  exhibited  in  the  fauna  of  the 
Chalk,  and  has  been  pointed  out  in  the  remarks  upon  the  various  genera  formed  afUr 
the  type  of  Ammonites,  which,  having  attained  a  very  high  degree  of  development, 
were  abruptly  cut  short,  and  ended  with  that  formation.  The  study  of  the  sea 
bottom,  as  manifested  by  the  nature  of  the  mineral  deposits,  and  the  classification  of 
the  genera  and  species  according  to  the  probable  depth  of  their  usual  habitat,  must 
necessarily  precede  any  deductions  as  to  the  climate  and  position  of  the  deposit.  Nor 
must  it  be  forgotten  that  the  limits  of  the  several  zones  of  existence  may  in  the  faune 
of  former  epochs  have  been  greatly  modified  by  climate. 

Falseontology,  viewed  as  a  branch  of  Zoology,  has  not  only  brought  before  the 
Geologist  proofs  of  the  existence  of  numerous  forms  of  organic  beings,  which  were 
associated  together  in  groups,  and  which  liave  since  passed  away, — but  has  also 
enabled  him  to  reason  with  certainty,  by  reference  to  the  natural  characters  and  habits 
of  extinct  animals  and  plants,  on  the  varying  mineral  conditions  of  each  successive 
stage  in  the  EartVs  History.  He  is  perhaps  surprised  at  first  to  find  how  large  a 
share  organic  beings  have  had,  by  their  d6bris,  in  the  formation  of  those  stratified 
deposits  which  seem  to  the  uninstructed  only  crude  masses  of  mineral  matter ;  but 
when  he  has  discovered  order  and  design  in  their  structure  and  distribution,  he  traces 
in  them  the  power  and  wisdom  of  the  Creator,  as  manifested  at  successive  epochs  in 
peopling  the  world  with  beings  suited  to  its  actual  state, — and,  finally,  he  observes, 
that  Man  appeared  just  as  every  part  was  so  nearly  balanced  that  it  was  in  the 
power  of  an  intellectual  being  to  maintain  his  position  safely  and  securely  ;  the  recent 
discovery  of  flint  weapons,  fashioned  by  the  hand  of  Man,  either  associated  with  the 
relics  of  long  extinct  animals,  or  in  deposits  below  them,  proves  that  this  appearance 
took  place  certainly  within  the  Tertiary  epoch,  though  it  does  not  afford  su£Bcient  data 
for  determining  the  time  of  his  creation. 

Palax)ntology  has  thus  enabled  the  Geologist  to  discover  from  the  abrupt  disappearance 
of  whole  families  of  organic  beings,  even  if  he  had  not  been  aided  by  stratigraphical 
disturbances,  the  epochs  of  great  cosmical  revolutions,  just  as  in  the  peculiar  distri- 
bution of  ancient  animals  it  has  given  him  a  clue  to  the  discovery  of  every  feature  of 
Mch  successive  phase  of  the  earth  :  guided  therefore  by  FalsBontclogy,  his  eye  is 
carried  over  the  sea  shore,  the  deep  sea  bottom,  the  coral  reef,  the  estuaries  of  the 
oceans  of  ancient  worlds,  of  which  he  becomes  at  once  the  Natural  Historian  and  the 
Geographer. 


PALISADES  form  one  of  the  auxiliary  means  of  defence  in  Permanent  and  Field 
Fortification  :  in  the  former  they  are  usually  planted  in  the  covert-way,  and  in  the 
latter  in  the  ditch  of  a  work.  The  palisade  is  a  necessary  security  of  the  covert- way, 
and  the  covert-way  an  important  part  of  permanent  fortification,  if  the  ditches  are 
dry,  to  prevent  surprises,  and  facilitate  and  support  sorties.  To  fortresses,  citadels, 
and  large  forts  with  wet  ditches,  it  is  questionable  if  the  covert-way  is  necessary,  and 
dispensing  with  the  palisade  is  a  great  saving  of  expense,  as  wood  is  a  perishable  article, 
except  to  the  eouvre-portes,  or  works  covering  the  entrances  and  bridges. 

In  respect  to  the  palisading  of  the  covert-way  of  permanent  works  with  dry  ditches, 
several  writers,  among  whom  is  Camot,  propose  to  omit  the  covert- way  in  their  con- 
struction, and  to  substitute  the  glacis  en  co/Ure-pente  (see  page  47  of  the  second 
volume  of  this  work),  arising  from  the  objections  to  the  palisade,  on  account  of  the  great 
cost,  and  its  being  liable  to  be  destroyed  by  the  enfilade  batteries  during  a  siege  ;  but 
this  part  of  the  objection  applies  only  to  the  fronts  attacked,  perhaps  not  more  than 
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Ifli  or  Jth  oftbt  whole  mccinU.  Camat'slateiitionirubi  diaooange  punve  mlBtencCi 
and  afibrd  the  gUTiMD  of  >  pUoe  the  mcuia  of  taming  the  delenilT«  into  oReiuiTe 
war,  which  in  Ter;  Urge  fi>rlnssca  ia  ofgrefti  ImportiUiee.  HowerEr,  when  there  Ib  » 
eoTert-w&f.  jialisiJing  beciimea  iniliipeiiiable,  kdJ  llio  i«1ii«de  ii  nBUftlly  fixed  on  tfa« 
LaDfjnettc,  about  one  fjol  tima  the  glacis,  knd  standing  about  one  fool  abore  tlie  crab 
The  paliHuIe  may  oonsiet  (■{  j'oung  trees,  cleft  in  two^  with  the  Sat  sides  spiked  into  s 
ribaoil  placed  at  the  heijiht  of  the  coTcrt-waj,  so  that  the  aolJier  can  reit  his  tniuket 
upon  it  1  or  it  ma;  be  of  young  trees  ;  in  either  case,  tbe  lower  end  is  planted  flrmly 
S  or  4  feet  in  the  ground,  and  the  npper  end  conascled  by  tliB  Hhand  of  scantliDg  or 
FlK- 1.  split  timbera.     When  the  timber  runs  large,  it  il  brtler  to  eon- 

f- *i >     stmet  the  paliniding  of  fnme-work,  mwn  into  lengths  of  about 

S  feet  and  B  inches  siinare  :  these  will  aerre  for  poat«. 
Snitller  scantling  of  4)  inches  square,  and  10  feet  lung,  aawn 
diagonallj,  as  explained  in  fig.  1,  foim  the  rails  and  palisade*. 
<See  figs.  2  and  3.)  Tbe  palinding  is  fanned  into  lays  aboat 
1 0  feet  from  centre  to  eentre,  with  the  two  rails  tenoned  into 

Oak  and  fir  ate  best  suited  for  palisading. 

It  bas  been  pmpoaed  (aae  the  9th  Tolnme  of  Prnftwonal  Papcia)  to  frame  the 
palisading  is  inch  a  manner  as  will  facilitate  sorties,  !□  a  better  manner  than  barrier 
gate*,  and  protect  better  tbe  troops  retuiniag  into  the  curert-way.  This  may  be  done 
by  placing  one  or  more  bays  on  a  pirot  or  gndgeon  fixed  to  the  poets,  and  secured  at 
top  by  a  bolt,  the  gadgeon  being  on  the  bottom  rail  and  the  butt  upon  tbe  uppei  one. 


le  section  of  this  construction  is  shewn  in  fig.  S,  a  i  being  tbe  post,  and  e  d 
t  palinde,  sloping  back  against  the  crest  of  the  gUcis ;  the  ribands,  of  which 
■  placed  In  the  centre,  serring  as  steps  to  mosnt  upon  tha 
glac 


Fig- 3 
...  »-„.-_ 


expensive  than  the  ordinary  way 
of  proTiding  for  sortica,  and  it 
does  not  dimiuisb  the  ieenrity  of 
the  coreit'Way,  The  diagnm 
(6g.  3)  is  tha  same  in  elsTatian, 
but  the  gate  or  barrier  is  cloaed, 
fg  b^Dg  the  gndgeons,  and  h  i 
.  the  bolla  for  aecnring  the  gate 
when  sbuL 
Pulinding  lor  GeU-works  ia  seldom  of  timber  wwu  Into  tcantliig,  but  is  constmct«i] 
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of  anhewn  timber  of  trees  suited  to  the  purpose,  planted  firmly  in  the  ground,  and 
connected  above  with  a  riband,  into  which  the  palisades  are  spiked. 

The  position  of  the  palisading  for  the  security  of  field  fortification  should  be  under 
musketry  fire  from  the  parapet,  or  from  some  flanking  work,  to  command  the  ditch 
within  a  caponidre  or  gallery  in  the  counterscarp  ;  but  these  are  seldom  adapted  to 
works  of  the  moment.  The  positions  shewn  in  figs.  53  and  54,  Plates  VII.  and  VIII. 
of  Field  Fortification,  are  best  for  the  palisading  of  such  works,  so  as  to  be  seen  from 
the  crest  of  the  parapet^  and  yet  be  partially  secured  from  an  enemy's  artillery.  The 
palisading  should  not  be  of  less  dimensions  than  6  inches  in  diameter,  and  from  10  to 
12  feet  long,  of  which  4  should  be  fixed  firmly  in  the  ground. 

Sir  John  Jones,  in  his  'Journals  of  Sieges,*  note  25,  obsenres — ''The  French 
planted  admirable  palisades  in  the  ditches  and  rear  of  their  works ;  each  palisade  was 
the  rough  stem  of  a  young  tree  or  the  half  of  a  larger  one,  fixed  to  a  heavy  beam  four 
or  five  feet  under  ground.  To  cut  through  these  palisades,  in  their  usual  confined 
situation,  is  a  work  of  half  an  hour,  and  to  force  them  impossible,  so  firmly  are  they 
planted ;  they  are  therefore  an  excellent  defence  when  covered  from  cannon." 

In  the  article  '  Petard,'  it  will  be  seen  that  even  this  description  of  palisade  is  not 
secure  unless  protected  by  musketry  fire. — G.  G.  L. 


PARAPET.     See  Fortification,  Field. 


PASSAGE  OF  RIVERS. 

PART   I. — MILITARY   OPERATIONS    AND    CONSTRUCTION    OF 

TEMPORARY    BRIDGES.* 

1.  This  portion  of  the  subject  is  intended  as  a  sequel  to  the  articles  on  Field  Bridges 
given  in  the  first  volume  :  it  has  been  obtained  in  fragments  from  various  contribu- 
tors, and  is  now  embodied  for  the  purpose  of  affording  all  the  information  attainable  on 
so  valuable  a  part  of  the  duty  of  Military  Men. 

2.  The  passage  of  a  river  by  troops  or  carriages,  even  when  they  are  not  in  the 
presence  of  an  enemy,  is  often  difficult,  and  generally  causes  much  delay  in  the  march ; 
therefore,  as  the  success  of  a  campaign,  and  security  against  disaster,  often  depend 
upon  the  rapidity  with  which  a  river  can  be  crossed  by  an  army,  all  the  details 
connected  with  this  operation  should  be  well  considered  before  it  is  attempted,  so  as  to 
prevent  unforeseen  delay,  and  facilitate  the  calculation  of  the  time  required. 

3.  If  the  river  to  be  crossed  lie  in  the  country  occupied  by  an  enemy,  the  best  maps 
and  correct  information  should  be  procured,  and  a  careful  examination  made  of  that 
part  which  is  likely  to  be  the  scene  of  operations, — noting  the  source  and  its  mouth, — 
whether  it  flows  to  a  sea,  lake,  or  a  large  river, — the  points  where  it  ceases  to  be 
fordable  and  becomes  navigable, — where  it  is  joined  by  tributaries, — ^the  nature  of 
those  tributaries, — the  places  where  the  river  changes  its  direction, — ^the  towns. 
Tillages,  and  houses  on  its  banks ;  also  the  nature  of  the  bed  of  the  river  ;  its  extent 
during  the  flood  and  daring  droughts,  with  the  cause  of  the  variations  ;  whether  there 
are  means  of  inundating  the  country,  and  whether  there  are  any  dikes,  dams,  or 
canals,  and  the  effect  if  these  are  destroyed  ;  the  nature  of  the  mouth  of  the  river,  if 


*  By  Mivjor  Qibb,  Royal  Eugineurd. 
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there  is  a  bar,  and  whether  fordable  and  shifting.  In  the  erent  of  any  immediate 
operation  being  contem])latod,  the  effect  of  the  tides  and  winds  shoold  be  eonsadered  ; 
if  there  are  any  islands  and  sand-banks,  whether  they  obstract  or  would  fibcilitmte  a 
passage ;  and  if  the  sand-banks  are  liable  to  shift ; — the  heights  of  the  banks  of  xirers 
should  be  noted  and  sketchwl,  if  favourable  for  a  passage,  and  information  obtained  as 
to  the  means  of  collecting  boats  or  materials  for  the  construction  of  a  bridge  or 
of  rafts. 

4.  The  pojtsage  of  a  river  in  the  presence  of  an  enemy  presents  many  difficulties  : 
the  point  where  it  is  proposed  to  effect  it  must  therefore,  if  possible,  be  conoealed  from 
the  enemy.  In  the  determination  of  this  point,  the  object  of  the  campaign  must  be 
considered,  the  advantages  which,  after  the  passage,  the  opposite  bank  gires  for  the 
construction  of  a  temporary  bridge,  and  the  security  which  the  ground  will  afford,  by 
the  aid  of  batteries  or  other  field-works.  The  banks  of  the  river  should  not  bemaraby, 
and  they  should  be  accessible  for  carriages. 

6.  In  the  selection  of  a  point  for  the  passage  of  a  river  by  an  army,  the  re-entering 
angle  or  bend  may  in  some  instances  be  found  to  afford  many  advantages,  as  the 
opposite  bank  is  more  easily  defended,  the  current  of  the  river  is  less  rapid,  and  there 
is  a  greater  depth  of  water  for  a  bridge  ;  and  any  island  in  the  river  gives  fiteilities  iu 
crossing  as  well  as  in  protecting  the  passage. 

6.  If  the  enemy  is  in  force  ready  to  defend  the  passage  of  an  unfordable  river,  the 
operation  becomes  difficult,  as  the  troops  arc  liable  to  be  cut  off  in  detail  as  they  cross. 
Most  successful  operations  are  secured  by  stratagem,  that  is,  by  deceiving  the  enemy 
as  to  the  precise  point  intended  to  be  crossed :  this  may  be  effected  by  commencing 
operations  at  a  point  which  may  be  changed  when  it  is  dark,  and  crossing  at  another 
point  which  the  enemy  has  left  unopposed. 

7.  As  regards  the  tactical  part  of  this  subject,  the  first  operation  is  usually  under- 
taken by  detached  means,  supporteil  by  artillery,  when  troops  are  placed  in  row- 
boats,  or  on  raftB,  collected  in  the  neighbourhood,  and  passed  to  the  opposite  side  of 
the  river  as  hastily  as  possible,  where  they  secure  themselves,  taking  advantage  of 
localities  to  keep  their  ground  until  supported.  When  in  sufficient  strength,  the 
troops  should  intrench  themselves,  and  be  reinforced  by  artillery.  Fords*  are  some- 
times available  in  the  immediate  vicinity  of  a  point  selected  for  the  i)a8sage  of  an  army, 
which  may  serve  fur  cavalry  and  liglit  artillery  ;  but  some  caution  is  necessary  in  the 
presence  of  an  enemy,  as  he  may  cross  by  the  same  means,  and  attack  you  in  front 
and  rear,  whilst  your  force  is  separated  by  the  river.  The  passage  by  swimmingf  will 
serve  to  assist  in  such  operations,  where  the  current  is  not  rapid  or  the  banks  abrupt  : 
the  direction  of  the  crossing  should  be  with  the  stream,  taking  advantage  of  cross 
currents  and  eddies,  and  keeping  clear  of  rocks.  The  infantry  may  convey  their  arms 
and  ammunitiun  on  nifts,  or  on  inflated  skins,  or  i>itchers  securely  connected  ;  or  they 
may  take  with  them  a  rope  supimi-tcd  by  ctjrk  fluats,  or  any  other  material  inflated. 
The  cavalry  should  take  care,  in  swimming  their  horses  across,  to  allow  them  perfect 
freedom  of  motion,  the  soldier  keeping  his  legs  hack,  hoUling  steadily  by  the  mane,  and 
directing  the  horse  with  a  light  hand.  If  lK.>at8  or  rafts  are  used,  the  horses  can  swim 
astern,  with  their  halters  attached  to  them,  in  all  cases  taking  care  that  they  have 
plenty  of  room  to  avoid  touching  each  other. 

8.  Before  closing  these  slight  preliminary  theoretical  notices  on  Uie  passing  of  troops 
over  rivers,  the  subject  may  be  considered  as  strategetic  or  as  a  tactical  operation.  In 
the  first  casf*,  the  means  adoptctl  fur  paysing  a  river  must  1h)  of  a  Ruhstantial  nature, 


•  ike  artitlo  'Ford.'  f  bee '.Sv^imuiiiig.' 
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and  a  certain  degree  of  permaneiK^  must  be  seoured,  to  stand  the  eflfocts  of  the 
weather,  and  the  probable  floods  of  rirers  which  generally  follow  the  wet  season  ;  and 
the  security  of  the  bridge  or  ferry  against  the  enterprises  of  an  enemy  is  also  an 
essential  consideration.  Should  the  passage  form  one  of  the  main  roads  for  the  supply 
of  the  army,  or  the  line  of  retreat  in  case  of  any  retrograde  movements,  great  care 
must  be  taken  to  secure  it  from  any  possible  disaster.*  In  the  second  case,  considered 
as  a  mere  tactical  operation,  the  passage  of  a  rirer  will  probably  be  for  temporary 
purposes  for  the  moment  or  for  a  few  days,  when  the  means  required  may  be  slight, 
and  the  celerity  of  the  operation  of  the  first  importance^  the  defence  of  the  passage 
becoming  unnecessary.  All  well-organized  armies  are  furnished  with  a  bridge 
equipment  to  each  corps,  at  least,  with  one  for  the  adranoed  guard ;  but  whethe):  the 
passage  is  formed  of  materials  obtained  on  the  spot,  or  by  a  bridge  equipment,  they 
are  usually  removed  after  the  passage  is  effected.  Up  to  this  date  (1860)  it  does  not 
appear  that  the  means  of  passing  riyers  have  been  brought  to  x>orfection,  nor  are 
bridge  equipments  of  a  sufficiently  portable  nature  to  accompany  corps  and  detach- 
ments in  rapid  morements  in  difficult  countries.  Field  Bridges  are  still  cumbersome, 
and  a  large  establishment  of  men  and  horses  is  required  to  transport  the  equipment. 
In  the  British  Service,  in  &^  there  is  no  fixed  establishment  for  efifecting  the  passage 
of  rivers. 

9.  Bides  for  aseeriaining  the  Width  of  a  River  ;  Itt,  wiihout  Intirwnente, 
To  ascertain  the  inaccessible  distance  A  x  (see  fig.  1),  measure  any  convenient 
length  A  0  or  A  </  in  the  prolongation  of  A  z  ;  and  if  the  ground  will  admit  of  a  line 
being  laid  down  perpendicularly  to  the  right  or  left  of  A,  measure  the  triangles  A  B  o 
or  A  b'  o',  making  the  sides  in  the  following  proportions  ;  viz.  a  B  =  4,  A  o  =  3, 
and  0  B  =  5,  and  prolong  A  b  to  any  point  D ;  then  lay  down  d  o  in  the  same  way 
perpendicularly  to  A  D,  and  fix  a  mark  at  a  point  in  it  which  is  in  the  prolongation 
of  B  X. 

Fig.  1.  Fig.  8.  Fig.  2. 


Then  asBD:  ba:  :do:  ax. 

Or  (see  fig.  2)  measure  a  d  in  any  convenient  direction,  and  make  o  o  equal  to  it, 


•  See  •  T6te  du  Pont' 
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•]flo  meaiiiriDg  d  o  equal  to  a  o^  and  then  fix  a  mark  at  b  in  Um  prolongation  of  9  S 
and  0  0. 

Then,  as  b  o  :  d  a  : :  d  o  :  a  x.* 

2ndhjf  tcith  a  Sextant,  CompaUj  or  Theodolite* 

The  lines  may  be  laid  down  as  in  fig.  1,  taking  care  to  make  the  angle  B  A  3K  ^^ 
B  D  0,  and  the  calculations  may  be  made  as  before ;  or  measoring  a  a  as  a  base* 
and  ascertaining  the  angles  x  a  b  and  x  b  a,  the  distance  A  z  may  be  found  by 
trigonometry. 

10.  To  find  the  voeighi  which  any  floating  body  will  support,  first  ealcalate  the 
number  of  cubic  feet  of  water  displaced  by  it,  which  fbr  solid  timber  and  air-tight 
cases  may  be  considered  equal  to  the  entire  bulk  ;  but  for  open  boats,  which  cannot 
be  safely  immersed  lower  than  within  9  inches  of  their  upper  surfaces,  the  bulk  below 
that  IcTel  can  only  be  calculated  on.  Multiply  the  number  of  cubic  feet  of  water  dia-^ 
placed  by  1000  for  fresh  water,  and  by  1026  for  salt  water,  which  will  give  the  weight 
in  ounces  :  from  this  must  be  deducted  the  weight  of  the  body  itself  with  the  soper^ 
atmcture,  and  the  di£ferebce  will  give  the  weight  which  can  be  supported.  Th0 
weight  in  otmces  of  the  materials  is  found  by  calculatbg  their  cubic  feet,  and  multi- 
plying that  by  their  specific  gravity,  which  for  oak  is  950,  for  elm  670,  and  for  male 
fir  580 ;  but  it  must  be  remembered,  that  if  timber  be  not  tarred,  its  weight  wiU  be 
inereased  ^th  by  imbibing  water  after  being  immersed  two  or  three  days.  The  weigh 
pressing  upon  a  bridge  during  the  passage  of  in£uitry  four  deep  would  be  that  of  20 
men,  or  about  SOOOIbs.,  on  a  length  of  12^  feet  Two  cavalry  horses  abreast,  with 
their  riders  leading  them,  would  occupy  12  feet,  and  the  total  weight  would  be  abou 
2640lks.  A  medium  12-pr.  brass  gun  and  its  limber  occupies  14  feet  without  th« 
horses,  and  its  weight  is  about  5000lb8.  including  the  limber  and  ammunition.  A 
brass  9-pr.  or  24-pr.  brass  howitzer  weighs  about  4200!bs.,  and  a  light  6-pr.  or  12-pr» 
howitzer  about  3003fib8.  (For  the  weights  of  Ordnance  and  Carriages,  see  the  firat 
Tolume.) 

In  crossing  temporary  bridges,  cavalry  should  always  dismount,  and  infantty  should 
never  be  allowed  to  keep  step  :  cattle  should  be  driven  orer  in  very  small  numbers  at 
a  time. 

TEMPORARY    BRIDGES. 

11.  The  following  resources  for  facilitating  the  passage  of  troops  across  rivers  are 
added  to  the  article  <  Bridge,  Field.' 

Large  trees  may  be  felled  to  enable  infantry  to  cross  a  narrow  stream,  placing 
them  so  that  their  butts  taiay  rest  upon  the  banks  with  the  tops  directed  obliquely 
up  the  stream  ;  if  one  is  not  long  enough,  others  may  be  floated  down  so  as  to 
extend  across,  being  guided  and  secured  by  rox)es :  a  footway  may  be  formed  by 
laying  planks  or  fascines  or  hurdles  over  them,  and  their  branches  should  be 
chopped  o£f  nearly  to  the  level  of  the  water,  and  interlaced  below ;  poles  also  may 
be  driven  into  the  bed  of  the  river,  to  aid  in  supporting  the  trees  by  attaching  the 
boughs  to  them. 

12.  Whed  carriages  may  be  used  to  form  a  foot-bridge,  if  the  river  is  not  too 


♦  In  many  caaoK  the  form  fifir.  3  m  beflt.  Mark  off  any  distance  a  m.  In  prolongation  of  xa  ; 
from  M,  pace  in  any  direction  u  v  bisecting  the  distance  with  a  picket  at  p ;  from  a,  pace 
to  p,  and  continue  the  same  dintance  to  d.  Pace  again  in  continuation  of  n  d  to  o,  where  p 
and  X  are  found  to  be  in  line.    x>o  =  a  x.—Sd. 
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de«p,  being  pushed  or  bulled  into  the  itre&m,  uid  coDnect«d  hj  beam ;  or  a  uDgla 
pnir  of  wbtda,  with  an  aile'tree  to  admit  two  Btrong  poats,  maj  be  attaebed  and 
placed  in  the  centre  of  the  stream,  if  not  too  vide,  and  poica  reaching  from  each 
bank  mar  he  seenred  to  th«  poata,  and  the  wheels  voold  act  aa  ■  (natle  :  with  a 
flooring  over  the  poles,  a  alight  bridge  could  rspidlj  be  consfrncted. 

13.  A  Wicker  Bridge* — "  !rhe  bridge  aeroai  the  Zab  at  liun  ia  of  baaket-work  ; 
•lakes  are  firmlj  batflned  together  with  tviga,  forming  a  long  hurdle^  reaching  fram 
one  mde  of  the  river  to  the  other.  The  two  ends  are  tiud  upon  beams  reaiing  npon 
pien  on  the  opposite  banks.  Both  the  beami  and  the  hasket-work  are  kept  in 
their  places  bf  heavj  stones  heaped  upon  them.t  Animall,  aa  well  aa  men,  are  able 
to  cross  OTW  this  frail  strnctore,  which  swings  to  and  fro,  and  eeama  nad;  to  gire 
way  at  tnrj  step.      These  bridgca  are  ef   freqamt  oocnneniw   in   the   Tigari 


Wicker  BrldKB  asroM  the  Xab  naar  Uon. 

14.  Caraelet  or  Bidt'horM,  ka.,  haTS  been  used  in  India  and  elsewhere.  For 
nilitaiy  opeiationB  on  the  nTsrs  of  the  American  prairiea,  th^  are  made  of  four 
baSato  hides,  atrongl]'  sewed  together  with  bnfUo  unew,  and  stretched  orer  a  basket- 
work  frame  of  willow,  8  feet  long  and  E  feet  bimd,  with  a  nnuded  bow,  the  seama 
being  then  covered  with  Oahea  and  tallow  :  after  being  eipoaed  to  the  itm  for  Kims 
lioura,  the  akina  contract,  and  tighten  the  whole  work.  Snch  a  boat,  with  four  men 
in  it,  only  dnws  4  inehae  of  water.  The;  have  been  found  tct;  naefol  in  the  passage 
of  tiveis  in  Southern  Africa.  Skins  of  bnllocka  were  alwaja  obtainable  ;  thtse  were 
stretched  orer  a  rode  frame-work  made  &om  bougha  cut  on  the  banks  of  the  river. 
They  were  eonstmcted  of  two  sites  : — 

1st,  Nearl;  similar  to  Chose  now  in  use  in  Wales.  One  or  more  were  emplojed,  on 
g  the  passage  of  the  river,  in  getting  the  rope  across  the  stream  to  work  the 


■  FroBi  'NlDeveb  and  Ita  Rnnalns.'  by  A.  n.  lAyard.  Esq. 

I  For  a-  BttHary  nperatlon,  probably  a  rope  aikudad  acroas  the  livar  on  each  aHe  oT  the 
burdlea  would  be  better.— £>f. 
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raft  of  eaaks,  and  afberwardB  in  helping  the  bullock  waggons  aeroas,  or  in  ferrying  orer 
men  or  small  stores. 

2n(L  The  boat  was  often  increased  in  size,  so  as  to  hold  two  or  three  men.  The 
arms  and  ammunition  were  ferried  over  in  them.  The  raft  of  casks  was  by  this  meana 
enabled  to  be  dispensed  with,  the  remainder  of  the  baggage  being  taken  over  in  the 
bullock  waggons.  Valuable  time  was  thus  saved  in  ferrying  409  or  500  men  orer  a 
swollen  rirer. 

15.  InficUed  Skins  have  been  used  since  the  earliest  times  for  crossing  riyers ;  and 
if  four  or  more  are  secured  together  by  a  frame  they  form  a  very  buoyant  raft.  Canvcu, 
rendered  waterproof,  and  stretched  over  a  frame-work  or  wicker-work,  will  serve 
also  as  a  raft  or  pontoon.  The  detachment  of  Royal  Sappers  and  Miners  at  Sandhorai 
made  some  wicker-work  or  gabion  pontoons  in  the  following  manner  :  Light  pol^  were 
fixed  upright  in  the  ground  in  a  circle,  and  brush-wood  weaved  upon  them  exactly 
as  is  done  in  making  gabions,  a  scaffold  being  of  course  required  for  the  workmen  to 
stand  upon  when  the  weaving  was  too  high  for  them  to  work  from  the  ground  ;  and 
the  conical  ends  were  added  afterwards,  made  of  the  same  materials.  When  the 
canvas  was  stretched  over  this  wicker-work,  it  was  payed  over  with  a  composition  of 
pitch  8 lbs.,  bees'-wax  lib.,  tallow  IIT).,  boiled  together,  and  laid  on  quite  hot ;  the 
cracks  which  appeared  on  its  hardening  being  closed  by  means  of  a  hot  iron. 

16.  Pile  Bridge.— **  On  the  16th  July,  1809,  two  companies  of  the  Staff  Corpe 
were  directed  to  make  a  bridge  across  the  Tietar  River,  near  PUcentia  in  Spain, 
where  the  profile  of  the  river  was  found  as  explained  in  the  foUowing  diagram. 

Fig.  5. 
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The  dotted  lines  shew  the  water  leveL 

'*  The  only  materials  at  hand  were  the  timber  of  a  large  house  about  half  a  mile 
from  the  place.     This  building  was  unroofed  and  the  following  were  found  available  : 

6  beams  of  dry  fir,  2  feet  square  and  20  feet  long  ; 
400  rafters,  6  by  4  inches,  and  10  feet  long  ; 

6  large  doors  ;  and 
200  running  feet  of  mangers. 

''Of  the  six  large  beams  the  raft  b  was  made  by  boring  holes  through  the  centre 
of  each,  towards  the  ends,  and  passing  ropes  through  them  ;  this  raft  was  placed  in 
the  deepest  part  of  the  stream,  and  the  broad  ends  turned  towards  the  current ;  one 
end  of  the  rope  was  made  fast  to  a  tree  on  the  bank,  and  the  other  to  a  staka  A 
working  party  of  500  men,  with  saws  and  axes,  were  sent  to  a  distance  of  three  miles 
to  procure  young  pine-trees  to  cut  the  piles  and  caps,  as  shewn  at  o  in  elevation  and 
section  of  diagram  ;  and  the  horses,*  ten  in  number  of  two  piles  each,  wei-e  fixed  at 


*  It  has  been  explained  in  another  ])art  of  this  work,  that  among  carpenters  and  sawyers 
the  horse  has  only  two  legs  and  the  trestle  four. 
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•xpUned  at  a ;  the  bauen  i,  t,  □,  h,  i,  e,  l,  made  of  Uie  tsnlka,  were  lud  on  Uia 
caps  of  the  honei,  cut  Into  M&Dtliiig  of  uz  inches  square.  The  floorinK  of  the  bridge 
WM  made  of  the  doors,  mangera,  tnd  raflen,  whieii  were  fbimd  lafEoieat."  * 

17.  Temporary  Bridga  of  Ov/m  and  Mortar  Platfomu. — Aa  Uie  power  of  orosuDg 
atreaiDB  whieh  aepaiata  the  Tarioua  eorpa  InTeating  »,  tbrtrcM,  or  phteed  in  pontion  to 
redit  an  attacking  arm;,  U  often  of  rital  importance,  and  maj  eren  dedde  the  reanlt 
of  a  carapugn,  Ueut. -Colonel  Bainbrigge,  Bi^jal  Engineers,  hae  snggeeted,  that  when- 
ever matertalH  for  gon  or  mortar  platromiH  are  proTided  prepanttor;  to  the  attack  or 
dsfenoe  of  a  fortified  position,  or  any  fortified  place,  the;  shonld  be  prepand  in  inoh 
a  foTia  ae  also  to  admit  of  their  ixang  made  nae  of  for  the  eonstmction  of  bridgce, 
rafta,  &C.  To  attain  this  objeot  he  baa  proposed  that  the;  ahoold  ooDsist  of  baalka 
10  feet  long  and  1  bj  SJ  indies,  adapted  to  the  oonetraction  of  platforms  nmilor  to 
those  inTiatedi-  bj  the  lato  Colonel  Alderson,  R.E.,  whidi  maj  be  nipidl;  framed 
into  Toriona  kinds  of  bridges  adapted  to  the  nature  of  the  atreama  to  be  crnesed,  by 
inbsUtating  for  dowel-inna  and  holes,  intended  to  connect  them,  inn  or  oaken  pins, 
&om  10  to  20  inebei  long,  and  ]  inoh  diameter,  to  receive  which  each  banlk  must 
haTe  five  holes  jths  of  an  inch  in  diameter,  bond  through  it  at  equal  distances 
apart  whereby  the;  can  be  connected  and  formed  into  solid  platforms ;  and  b; 
screwing  nnts  into  the  ends  of  the  iron  bolt*,  these  baulks  may  be  oonrerted  into 
hiidges,  withont  alteration  or  injur;  to  thcdr  capadt;  for  again  forming  platfonns  for 
gnna  and  mortars  ;  and  the  following  different  descriptions  of  bridges  which  can  be 
made  solel;  of  platform  materials  were  tried  in  IBIS,  at  the  Royal  Milhai;  Eepositor?, 
Woolwich,  and  were  approved  by  the  Officers  of  the  Select  Oommitt«e  ordered  by  the 
Haster-Oeneial  and  Board  to  r^»rt  npou  them. 

IS.  Piril,  a  Trtutrd  Lattiet  Bridge,  as  shewn  in  the  diagram  below,  flg.  S,  having 
a  span  of  28  feet,  consirtjng  of  two  separate  frames,  which  were  pnt  tc^ther  on  the 
bank  and  banted  into  their  places  by  ropes, — which  might  perhaps  be  &cilitated  by 
stretching  hawsers  across,  upon  which  Uiej  might  slide  ;  £ve  baolka  were  lashed 
•cnwa  over  the  tops  of  these  fiames  when  fixed  perpendicularly  in  their  plaoes,  8  feet 
apart,  so  as  to  brace  them  together.     Banlks  were  also  placed  with  their  ends  resting 


>ridCU«Bridga 


on  the  lower  string.pisces  of  each  tnme,  to  aapport  the  fiooring  for  the  neadwa;, 
which,  far  want  of  a  snfficient  number  of  bsniks,  was  compoeed  of  pontoon  chesses  : 
the  bolts  were  only  applied  along  the  top  and  bottom  of  each  fnme,  as  marked  in 
the  figure,  thus  reqairing  72  liolti  and  102  baalks.  An  18-pr,  gun  with  its  limber, 
weighing  65  cwt.,  was  drawn  over  ihit  bridge  witboat  cannng  any  appearance  of 
weakness,  and  other  eiperiments  shewed  that  a  similar  bridge,  constmcted  with  half 

*  NoUh  ft-am  Papen  of  the  tate  Oeuual  Bir  Owi^  H uiraj.  Qaarter-Haater-aensnl. 
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tlie  propnrtioD  of  cnraed  baullu  m  Uw  slJe  fnmea,  *Drl  with  &  apan  of  BO  fttt,  wwild 
HuScefoF  thepuatgeof  S-pn.;  and  Uut  prohabljr,  if  the  Inwer  edgea  vere  itrengtli- 
cticil  with  ailditionsl  tanlki  or  ropca,  12-pr.  gaat  might  cron  vith  Bftret;. 

19.  Sicondlif,  aSiupouioit  JrWye.— ThebanlliBof  thoplatfornnnmeiedinatringa 
nn  falluwn,  spuimng  32  fe«t,  laid  doaa  7  feel  apart,  and  parallel :  baalka  wen  alao 


Siupcualon  Bijdfv. 


I.iid  serosa  the  stringa^  ao  aa  to  aupport  the  roadvaj  ;  tbe  eoda  of  each  atring,  haTing 
boon  hauled  tight,  ai  explaioed  in  fig  T,  hj  a  block  tackle,  were  aecored  b; 
piirkela  dricen  i»to  tbe  gronnd,  agaiurl  vhieh  the  boKa  cannecting  them  rented  ;  but 
the;  might  be  attachsd  to  treca  or  to  rocks,  kc,  if  funnd  more  coarenieiit.  Bach 
tet  of  baulka  waa  connected  with  the  enda  of  the  next  aet  bj  a  lingle  boll,  tberefbTS 
only  12  iKilta  are  required  fix-  this  bridge  ;  and  aappoeing  (aa  in  the  lattice  bridg*) 
that  the  flooring  baolki  were  placed  2  feet  apart,  and  th«  rtodn;  funned  of  planka  or 
pontoon  cheaaea,  onlj  (S  banlki  ai«  nqnired  for  it.  A.  I2-pr.  brasa  gnn,  with  iti 
limlier,  treigbini  SS  owt.,  waa  taken  over  it  withoni  canmag  any  appearauM  of  wnk- 
neea,  and  one  atring  of  banlka  waa  abw  loaded  with  S71  ewt.  (equiialent  to  7G  owt. 
on  the  whole  bridge)  without  eauaing  any  effect  except  a  alight  depreauon  reanlting 
from  the  yielding  of  the  picketa,  whieb  were  not  efficiently  firm  :  theae  were  fixed  aa 
fLcsn  in  dotted  line!  in  the  eloTation  of  the  bridge,  Gg.  7. 

20.   Thirdly,  a  TretlU  Bridgt,  one  pier  of  which,  aa  ahawn  in  fig.  8,  ia  tirA  framed 
together  and  plac«d  perpend ieolaily  in  ita  poution  by  launching  it  ont  from  the 


-Treatle  Bridge. 


'0  polea.     The  treatle,  when  framed  aa  ahore,  being  loaded  at  tlie  bottom 
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with  Btones,  ia  boomed  out  by  means  of  baulks  attached  to  its  top  by  lashings,  which 
secure  it  in  its  position,  and  support  the  roadway  when  fixed  :  similar  piers  are  then 
placed  in  sucoession  9  feet  apart,  and  iron  pins  may  be  used  to  secure  the  baulks 
connecting  the  piers,  which  also  support  the  flooring.  Supposing,  as  before,  that 
this  is  composed  of  planks,  85  baulks  and  68  bolts  are  required  for  a  bridge  of  this 
kind,  40  feet  long.  Such  a  bridge  has  a  great  advantage  oyer  ordinary  trestle  bridges, 
in  presenting  a  very  narrow  surface  to  the  current,  and  thus  preventing  floating  trees 
or  ice  f^om  collecting  against  the  piers,  and  carrying  them  away ;  for  greater'  security 
against  which,  the  sides  may  also  be  boated  over*  As  this  bridge  appeared  capable 
of  supporting  any  weight  required,  no  guns  were  taken  over  to  try  it,  the  ground 
being  inconvenient  for  that  purpose.  Ice-breakers  fonped  of  sipiilar  baulks,  fixed  so 
as  to  form  !^  sloping  edge,  over  which  the  ice  woiUd  ri«e  aiid  br^k  itself,  niaj  be  ^ded 
to  each  trestle. 

21.  Fourthly f  RafU, — Platform  baulks  were  rapidly  framed  ipto  a  light  vaft^  as 
explained  in  fig.  9,  oonsisting  of  two  or  three  layers  of  baulks,  crossing  each  other, 
and  joined  together  by  others  bolted  to  them  above  and  below,  so  as  to  fonn  a 
diamond-shaped  raft>  which  was  found  to  be  capable  of  being  rapidly  paddled 
about  by  one  man ;  and  by  connecting  two  of  these  together,  as  shewn  in  the 
following  diagram,  a  more  capacious  one  was  constructed,  which  supx)orted  a  6rpr. 
brass  gun ;  and  by  adding  others  on  each  side,  a  continuous  bridge  can  be  formed, 
in  whiph  case  the  rafts  may  be  further  apart.  A  single  raft^  consisting  of  two 
layers  of  baulks,  requires  only  33  baulks  and  4  bolts,  and  may  be  pu^  toother  in  ^n 
hour  by  four  men. 

Fig.  9.— Plan  of  Raft, 


These  four  experiments,  tried  by  Lieut. -Colonel  Bainbrigge  at  Woolwich,  and 
explained  in  paragraphs  18,  19,  20,  and  21,  shew  how  timber  of  very  small  dimensions 
can  be  applied  in  the  Passage  of  Rivers,  and  will  suggest  methods  of  using  materials 
of  very  irregular  scantling  and  lengths,  which  may  be  put  together  with  pins  of  hard, 
tough  wood,  instead  of  iron. 

22.  Vtdeanized  India-rubber  Pontoons, — ^The  following  account  of  this  description 
of  floating  bridge  is  extracted  from  the  fourth  number  of  the  Papers  published  by  the 
United  States*  Military  Engbeers  in  1849.  These  pontoons  would  prove  particularly 
useful  where  transport  is  difficult,  as  each  pontoon,  consisting  of  three  cylinders  con- 
nected together,  weighs  only  260  fts.,  and  with  a  flooring  of  three  chesses  is  capable 
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of  bmsg  paddled  nbantfartbe  pnrpoN  of  «MtiDg  uiiiiar^  te.  (KcGg.  10),  and  cui 
puked  in  a  box  5  ft  X  31  (t  X 1  ft. 

rig.  10.— PUn  of  Indift-rubber  Bridge. 


S3.  "Tke  ladift-mbber  pDnloon*  tra  made  of  India-mliber  elotli,  and  cooBct  eaeli 
of  |]u«e  tangent  cjlinden,  peaked  at  both  eitmnities  like  the  eods  of  ■  canoe  : 
tbe  endi  an  firmlj  onited  together  hj  two  (trong  India-nibber  ligamenta  which 
artoid  along  their  liaea  of  eootaet,  aad  widen  into  a  oonoecting  web  towards  the 
enda,  in  pioportioo  as  these  itiiiiini«li, — the  whole  Urns  forming  a  lingle  boat  20  feet 
loog  bj  S  fM  bread,  of  great  baojaner  and  stability,  and  from  iti  form  and  tigbtnea 
It  trifling  reairtanoe  to  tbe  water.  Bach  cylinder,  inclnding  ila  peaked 
ia  20  inchee  in  diameter,  and  Ii  dirided  into  three  distinct  air-tight 
a  (see  fig.  11),  each  of  which  faaa  ila  own  infiating  noute.     The  middle 

F^  11.— aide  View. 


Tlu  dotted  llnea  it 


eompartmeut  Deeapiea  the  whole  width  of  the  mdwaj  of  the  bridge.  The  pontoon 
Drailea  are  made  of  brass,  as  shewn  in  detail  ia  fig.  12,  and  are  in  two  parts,  the 
■topiile  and  tube,  the  former  aoewing  into  the  latter,  to  open  or  cloae  the  noale ;  the 


Kg-  U— Secttou  ef  Noaile. 


Pig.  1  J,-Knd  Ylew. 


tabe  consists  of  two  ejUnden  of  diflervnt  diameten,  bnt  haring  the  same  axis.     The 
■topple  ia  a  hallow  ojUnder,   with  foni  dicnlai  openings  on  the  ndc^   for  the 
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ingress  and  egress  of  the  air,  and  is  closed  at  the  lower  base  by  a  flat  cap,  a  little 
larger  than  the  diameter  of  the  cylinder,  so  that  the  projection  catches  against  a 
small  side-screw,  to  prevent  its  coming  ont ;  though,  by  first  removing  the  screw,  the 
stopple  can  be  taken  out  if  necessary. 

24.  **  The  Frame  and  Roadway  of  an  India-rubber  Pontoon, — The  frame  lies  on 
the  top  of  the  pontoon,  to  which  it  is  lashed  (see  figs.  10,  11,  and  13),  and  serves  as 
a  means  of  attaching  the  baulks  to  the  pontoon,  and  preventing  their  chafing  it ;  the 
baulks  are  of  white  pine  or  spruce,  19  feet  long,  4^"  wide,  and  H"  deep  ;  the  chesses 
are  also  of  white  pine  or  spruce,  13  feet  9  inches  long  by  1^  foot  and  li  inch.  (See 
figs.  10,  11,  and  13.) 

25  **  Mamifacture  of  India-rubber  Pontoons, — The  pontoons  are  made  of  two 
thicknesses  of  strong,  heavy  cotton  duck,  coated  with  metallic  rubber,  the  outer 
thickness  being  coated  on  both  sides,  and  the  inner  thickness  on  its  outer  side  only, 
making  three  rubber  sur&ces  or  layers.  In  preparing  the  caoutchouc  gum  for  coat- 
ing the  duck,  it  is  first  cut  into  small  pieces,  and  carefully  washed  to  rid  it  of 
all  dirt  and  impurities,  and  is  then  passed  between  two  grinders,  iron  cylinders 
revolving  with  different  velocities,  and  heated  by  steam  to  about  150°  Fahrenheit^ 
and  then  mixed  with  white-lead  and  sulphur,  in  the  proportion  of  25  lbs.  of  gum, 
10  fts.  of  white-lead,  and  3 lbs.  of  sulphur.  When  the  rubber  becomea  plastic,  and 
is  well  mixed  with  the  sulphur  and  white-lead,  it  is  laid  aside,  and,  after  a  few  days, 
is  again  passed  through  a  second  series  of  revolving  cylinders,  more  nearly  in  contact, 
and  heated  like  the  first ;  and  after  it  is  made  perfectly  homogeneous,  and  about  as 
soft  as  putty,  by  this  second  grinding,  it  is  passed  through  a  third  set  of  revolving 
cylinders,  longer  than  the  width  of  the  duck  to  be  coated.  Upon  one  of  these  cylin. 
ders  a  thin  sheet  of  rubber  is  formed,  which  is  brought  nearly  in  contact  with  another 
cylinder,  over  which  the  duck  is  passed  from  a  drum  round  which  it  is  wound.  By 
the  compressing  power  of  these  cylinders,  the  rubber  is  so  forced  into  the  meshes  of 
the  duck,  and  firmly  united  with  its  surface,  that  it  cannot  afterwards,  without  diffi- 
culty, be  removed.  In  like  manner  several  additional  thin  sheets  of  rubber  are  placed 
npon  the  cloth.  The  coating  of  the  other  side  of  the  duck  is  similarly  executed,  and, 
if  designed  for  the  outside  of  the  pontoon,  a  little  colouring  matter  is  added  to  the 
rubber,  to  make  it  dark,  the  natural  colour  of  the  gum  being  a  light  yellow.  Inflating 
nozzles,  one  opening  into  each  compartment,  are  inserted  in  the  pontoon  :  the  bellows 
for  inflating  the  pontoon  does  not  differ,  except  in  the  formation  of  the  nozzles,  from 
that  in  ordinary  use. 

26.  **  Bepair  of  India-ruhber  Pontoons, — ^The  greatest  danger  to  which  these 
India-rubber  pontoons  are  exposed  is  that  of  being  perforated  by  the  musket-balls  of 
an  enemy  opposing  the  passage  of  a  river.  Should  a  shot-hole  be  made  in  a  pontoon 
while  forming  the  bridge,  it  may  be  temporarily  stopped,  without  removing  the 
pontoon  from  its  place,  by  an  India-rubber  patch,  a  few  of  which  the  pontonier- 
eei;jeants  should  always  have  in  their  pockets.  The  patch  is  made  of  two  circular 
pieces  of  India-rubber  doth,  3  inches  in  diameter,  having  a  small  hole  in  the  centre, 
through  which  passes  a  string  of  soft  cord,  knotted  at  one  end,  which  will  completely 
fill  the  hole.  One  of  the  circular  pieces  is  crowded  into  the  pontoon,  and  drawn  tight 
against  the  inside  of  it  by  the  patch-string,  where  it  is  kept  in  its  place  by  the  inner 
pressure  of  the  air,  while  the  other  circular  piece  is  slipped  over  the  string  hard  against 
the  outside  of  the  pontoon,  and  secured  in  place  by  tying  a  knot  close  to  the  outer 
surface  of  the  patch.  Larger  holes  could  be  stopped  in  a  similar  manner,  but  would, 
of  course,  require  larger  patches.  For  the  repair  of  small  shot-holes,  the  torn  edges 
should  be  trimmed,  making  the  opening  of  the  inner  thickness  of  the  pontoon,  say 
about  an  inch  in  diameter,  while  the  outer  thickness  should  be  removed  for  a  dia- 
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mftter  of  8  inches,  and  all  the  old  gnm  (which,  after  being  vnlcanized,  will  not  adhere 
to  new)  carefully  scraped  o£f  from  the  outer  surface  of  the  inner  thickness  for  the  same 
diameter  of  3  inches,  and  from  the  outer  sarface  of  the  oater  thickness  for  a  diameter 
of  6  inches.  The  hole  being  thus  prepared,  three  or  four  coats  of  India-nibber 
cement,  thinned,  if  necessary,  with  a  little  carophine,  are  put  on  the  inside  surface  of 
the  pontoon^by  the  finger  or  a  brush,  for  a  width  of  about  2  inches  around  the  hole, 
each  coat  of  cement  being  dried  in  the  shade  before  the  next  is  put  on.  A  patch  of 
strong  duck,  5  inches  in  diameter,  and  coated  on  one  side  with  cement,  is  tbeu 
adjusted  on  the  inside  of  the  pontoon,  so  that  the  centre  of  the  patch  will  correspond 
to  the  centre  of  the  hole  :  a  second  patch,  3  inches  in  diameter,  and  coated  with  cement 
on  both  sides,  fills  the  openings  cut  out  of  the  outer  thickness  of  the  pontoon  ;  and  a 
third  patch,  6  inches  in  diameter,  of  vulcanized  India-rubber  cloth,  coated  on  one 
side  and  cemented  on  the  other,  is  put  concentrically  over  all.'* 

27'  OhtervatiofiM  on  India-rubber  Pqnioona, — The  equipmept  (Mid  man^gemfdnt  of 
these  pontoons  are  nearly  similar  to  the  means  employed  for  bridges  of  a  diffisreiit 
kind,  the  boating  portion  constituting  the  only  essential  difference ;  and  this  being 
light  and  compact  when  folded  up,  its  transport  will  be  easily  effected.  Looking  at 
the  equipment  of  the  whole  in  the  Service  of  the  United  States*  Government  it 
appejirs  too  large  and  unwieldy  to  accompany  an  army,  except  in  countries  irhere  the 
roads  are  good.  As  rcjgard^  the  floating  portion  of  these  pontoons,  several  dii^grams 
have  been  given  to  explain  its  nature  ;  and  it  presents  so  many  advantages,  tl^it  it 
will  probably  be  adopted  in  our  Service,  with  some  modifications  in  the  equipment. 
Sin^ilar  pontoons  were  i^sed  by  a  party  of  Royal  Sappers  and  Miners  under  Seijeant 
M'Leod,  of  that  corps,  at  the  Cape  of  Qpod  Hope,  during  Lieut. -GeneriM  Sir  Harry 
Smith's  expedition  agi^inst  the  Boers  in  1848  ;  and  by  means  of  t^o  of  them,  when 
formed  into  a  raft,  horses,  artillery,  and  waggons  were  ferried  over  the  Orange  River 
when  in  flood  and  very  rapid.*    (See  also  article  '  Pontoon,*  page  135.) 


*  In  the  bridge  constructed  by  Lieut. -CoL  Nicholson,  R.E.,  across  the  Gogja,  near  F^zabad, 
in  October,  1857  (R.E.  Corps  Papers,  vol.  viii.  p.  94X  76  boats  of  varioua  sizes  were  employed, 
eleven  of  whioli  were  from  1600  to  2000  mauuds,  or  about  53  to  7*2  tons  burden,  twenty  from 
600  to  900  maunds  (21  to  82  tonsX  and  the  remainder  smaller.  On  one  half  of  the  bridge,  the 
baulks  of  large  scantliog,  9''x4",  or  Z"  x6",  and  20  feet  long,  were  laid  in  the  ^ordinary  way, 
five  abreast,  spaced  out  to  support  a  roadway  12  feet  wide,  and  covered  with  3"  plank,  the 
greatest  bearing  of  the  baulks  being  10  feet.  In  the  reroaininK  portion  of  the  bridge  the  boats 
were  placed  only  3  feet  apart,  their  cross  beams  or  thwarts  were  wedged  up  underneath,  baulka 
laid  across  the  beams  to  obtain  the  same  level  as  in  the  other  boaU;,  and  bamboos  were  then 
laid  side  by  side,  lashed  to  the  thwarts,  and  covered  with  1^  inch  boards.  No  skilled  labour 
of  any  kind  was  required,  and  the  roadway  was  exceedingly  light.  As  a  test,  some  of  the 
bamboos  were  laid  with  a  10  feet  bearing,  and  supported  two  large  elephants  standing  side  by 
side,  the  width  being,  as  before,  12  feet.  When  crooked,  the  bamboo«  were  soaked  in  oil  and 
■traightened  over  a  slow  fire.  The  bridge  was  470  yards  long.  The  cables  employed  were 
made  of  long  grass  twisted  on  the  spot,  and  the  anchors  were  formed  of  pieces  of  timber  halved 
together  at  their  centres  with  bamboos  stuck  in  them,  and  drawn  together  at  top  in  form  of  a 
P3rramid,  matting  being  placod  round  them  to  retain  the  stone  uned  for  weighting  the  anchors, 
ifajor  Crommelin,  Bengal  Engineers,  at  the  passage  of  the  Ganges  in  1867,  employed  boats  of 
various  slses,  but  all  flat-bottomed,  with  slofiiug  sides,  pointed  at  both  ends,  and  rising  slightly 
to  stem  and  stem,  from  points  distant  from  them  about  one-third  of  the  boat's  length.  These 
boats  were  iVom  30  to  60  feet  long,  and  12  to  16  broad.  The  peculiar  feature  of  this  bridge  was 
the  causeway,  which  was  necessary  on  account  of  the  great  width  of  the  inundation  between 
the  road  and  the  main  channel,  varying  from  2  to  6  feet  in  depth.  For  this  purpose  a  number  of 
platforms,  which  had  been  used  for  a  road  across  the  sands,  were  collected  together.  These  were 
8  feet  by  6  feet,  and  formed  of  3"  planks  spiked  to  sleepers  4"  square.  In  the  more  shallow  parta, 
two  lows  of  platforms  were  laid  side  by  side  on  the  bottom,  and  weighted  with  clods  of  earth. 
On  these  other  rows  were  placed  and  weighted  in  like  manner  till  the  necessary  height  was 
giUned,  when  all  the  top  was  well  covered  with  grass  to  fill  up  crevices,  and  the  whole  covered 
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PART   II. — PERMANENT    BRIDGES.* 

This  little  esaa^  is  not  intended  for  the  experienced  Engineer,  it  bating  been 
originally  written  to  a£ford  a  few  simple  rules  to  those  who,  without  the  advantageR 
of  professional  education,  are  ti^uentlj  called  upon  to  superintend  the  constructioli  of 
bridges  in  India.  I  have  confined  myself  at  present  to  the  consideration  of  bridges 
of  masonry  as  being  most  generally  useful,  and  I  haTe  used  the  plainest  forms  of 
calculation  ;  thus  enabling  any  overseer,  tolerably  well  acquainted  with  the  rudiments 
of  arithmetical  computation,  to  solve  the  few  problems  required. 

In  calculating  the  throat  of  the  arch,  I  have  omitted  the  effect  of  weight  of  the 
arch  itself  in  steadying  the  pier,  as  the  introduction  of  that  element  would  place  the 
question  beyond  the  reach  of  ordinary  mathemiiticians.  The  treatise  may  be  useful 
to  local  committees  in  the  construction  of  ordinary  bridges ;  but  when  large  rivera 
have  to  be  dealt  with,  the  advice  of  a  Professional  Engineer  should  be  taken^  aa 
there  are  many  points  of  local  consideration  which  will  occur  to  the  ptactised  mind 
alone. 

fiSOTlbH   I. — BQUILiBRtUM. 

Equilibrium  of  an  arch  is  that  condition  in  which  all  its  componoii  parts  balance 
each  other,  and  are  thus  enabled  to  remain  at  rest  without  the  aid  of  friction  or  of 
cement. 

2.  In  general  pnictioe  it  will  be  necessary  to  consider  equilibrium  merely  as  it  affeftts 
the  abutments  or  supports  of  the  arch.  This  restUt  of  ^uilibriuln  is  called  '  the  thrust ' 
of  the  archi 

3.  It  is  indeed  poiasible  so  to  construct  an  ah;h  with  roadway,  that  the  f&bric  shall 
destroy  itself :  such  was  the  arch  built  by  William  Edwards  in  his  second  attempt  to 
span  the  River  Taaf.  His  arch  was  a  semicircle  of  140  feet  diameter.  The  deep 
haunches  being  filled  in  with  solid  masonry,  proved  heavy  toough  to  force  up  the 
central  portion,  when  of  course  the  whole  building  feU.  This  is  an  extreme  case, 
and  could  only  occur  with  semicircular  or  Gbthio  arches,  and  of  very  large  span  ; 
and  such  arches  may  even  be  rendered  perfectly  safe  by  piercing  their  haunches  with 
openings,  or  by  using  other  methods  (hereafter  shewn)  to  lighten  them. 

4.  This  overloading  of  the  haunches  is  the  greatest  danger  to  which  the  areh  itself  is 
subject,  and  although  it  applies  with  little  force  to  arches  of  fiattish  outline,  yet  modem 
architects  usually  reduce  the  weight  upon  the  haunch,  not  only  with  reference  to 
equilibrium,  but  with  a  view  to  decrease  the  expense  of  the  work. 

6.  With  the  above  precautions  duly  observed,  and  with  others  of  form  and  thickness, 
&c,  which  will  be  mentioned  in  their  proper  places,  we  may  assume  as  a  practical 
truth,  that  if  an  arch  be  properly  supported  at  its  feet,  it  will  stand  firmly.  This 
leads  us  to  the  subject  of  Section  ii.,  viz.  '  the  thrust  of  an  arch.* 

BBOTIOH  II. — THRUST. 

Professor  Barlow  has  shewn  that  the  lines  of  thrust  in  all  arches  follow  oertain 
curves  which  are  of  the  parabolic  class,  the  exact  species  of  that  class  being  deter- 


with  6  i»che«  of  earth,  making  a  roadway  12  feet  wide.    In  the  deeper  parte  bniahwood  was 
laid  in  in  bundles  and  trodden  down  in  a  tolerably  compact  mass,  yet  still  allowing  the  water 
to  percolate.    Over  the  brushwood  the  platforms  were  built  up  ae  before.    The  total  length 
of  causeway  and  bridge  was  about  1^  mile  (R.B.  Corps  Papers,  toI.  viii.  p.  lOA).^Ed, 
*  By  MisJor-Geneiul  Sir  F.  Abbott,  C.B.,  Bengal  Engineers. 
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mined  by  the  nature  of  the  loading.  The  common  parabola  is,  however,  the  most 
generally  known ;  and  as  its  errors  are  all  on  the  side  of  safety,  it  is  particularlj 
convenient  for  our  purpose  :  we  may  therefore  assume  this  rule. 

Hule.  The  thrust  at  any  point  of  an  arch  is  always  in  the  direction  of  a  tangent  to 
tome  parabola  at  that  point. 

2.  It  is  not  necessary  to  exhibit  here  the  several  methods  of  constructing  a  parabolic 
curve,  the  properties  of  which  are  generally  understood  by  Professional  Engineers. 

3.  It  is  found,  on  comparing  the  parabola  with  the  circle,  that  the  two  curves  Tery 
nearly  correspond  up  to  a  certain  length ;  and  that  about  60  degrees  of  every  circle 
may  be  practically  assumed  as  the  upper  portion  of  tome  parabola ;  bo  that  by  con- 
fining ourselves  to  the  use  of  60^  of  a  cirde,  we  have  an  arch,  whose  line  of  thruBt 
may  be  immediately  obtained  by  drawing  a  tangent  t«  the  circle,  or  a  perpendicular 
firom  the  radius  at  its  intersection  with  the  circle.  See  fig.  1,  where  a  d  b  is  an  arc 
of  60",  and  the  lines  A  o,  b  K,  perpendicular  to  the  radii  o  a,  o  b,  respectively,  are 
tangents  to  the  circle,  and  represent  the  line  of  thrust  of  the  arch.* 

4.  Beyond  the  extent  of  60**,  the 
Fig.  1.  line  of  thrust  becomes  tangent  to 

that  parobola  of  which  the  arc  A  D  b 

forms,  the   summit.     Without   ad- 

^y7^^-^  verting,  in  this  place,  to  the  method 


60° 


V 
c 


of  finding  the  thrust,  we  will  see 
how  the  arc  of  60*"  can  be  turned 
to  account  in  most  practical  cases. 

5.  In  a  segmental  arch  of  60* 
the  radius  is  equal  to  the  span, — 
the  rise  of  the  arc,  or  *  versed  sine,* 
as  it  is  called,  is  between  jth  and 
|th  of  the  span,f  which,  although 
l^s  than  is  usual  in  India,  is  com- 
mon  in  Europe. 

6.  Draw  another  curve  from  the  same  centre  o,  but  with  longer  radius,  bo  as  to 
represent  the  thickness  of  an  arch  of  masonry  ;  then,  if  the  feet  A  and  b  stand  upon 
rock,  we  have  a  substantial  arch  in  equilibrium,  or  of  such  a  nature,  that  if  each  of 
the  arch-stones  had  its  sides  radiated  towards  the  centre  o,  and  i^  instead  of  mortar, 
something  even  greasy  or  slippery  were  introduced  between  the  joints,  the  arch  would 
still  remain  firm. 

7.  Having  ascertained  the  direction  of  the  line  of  thrust  of  the  arch,  fig.  1  or  2, 
i.  e.  the  angle  that  this  line  makes  with  the  horizon,  we  can  compute  with  tolerable 
accuracy  the  amount  of  force  with  which  the  arch  pushes  in  a  horizontal  direction 
against  its  abutments. 

JtuUe,  Find  the  solid  content  of  the  arch  from  which  its  weight  can  be  computed  ; 
then  multiply  half  this  weight  by  the  cotangent  of  the  angle  of  inclination  of  the  line 
of  thrust.  The  product  will  be  the  horizontal  thrust  of  the  arch  upon  each  of  its 
abntmente. 


*  To  find  c,  the  centre  for  describing  the  arc, — take  the  length  a  b  in  the  comptyiiew,  and 
with  oentros  a  and  b  describe  two  arcs  cutting  each  other  at  o. 

t  The  rise  or  Tersed  sine  ia  found  by  multiplying  the  span  into  the  decimal  fraction  1339746. 
This  applies  only  to  the  segment  of  60*, — in  other  cases  multiply  the  radius  by  which  the  arc  of 
60*  is  described  into  the  same  fraction,  or  refer  to  a  table  of  natural  versed  sines. 
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8.  To  work  oat  the  question  by  lineB,  so  aa  to  avoid  the  use  of  Kathematical 


Tables,  draw  any  vertical  line  a  b  ;  from  ▲ 
draw  A  0,  making  the  angle  bag  equal  to 
the  difference  between  90°  and  the  angle 
of  inclination  that  the  line  of  thmst  makes 
with  the  horizon.  Set  off  on  a  b,  from  a 
scale  of  eqoal  parts,  half  the  weight  of  the 
arch  in  pounds,  cwts.,  or  tons,  from  A  to  d  ; 
draw  D  B  perpendicularly  to  a  b,  to  cut  the 
line  A  0  at  b  ;  then  d  b,  applied  to  the  same 
scale  of  equal  parts,  will  shew  the  horizontal 
thrust.    (See  fig.  2.) 


Fig.  2. 


9  an  injurious  X/^   \ 

be    occasioned  ^^^^<iu^_,..^0 


\ 
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BXCTIOB  in. — AB1TTXERTS. 

In  figures  1  and  2  we  have  arches  striding  from  bank  to  bank  of  the  river,  the 
natural  soil  being  supposed  to  be  firm  enough  to  bear  the  weight  and  thrust  of  the 
arches.  But  as  such  soil  is  seldom  found  in  practice,  it  becomes  necessary  to  build  a 
mass  of  masonry,  called  an  abutment,  at  each  end  of  the  arch,  and  these  abutments 
must  be  founded  upon  substantial  soil. 

2.  If  the  line  xy  (fig.  3)  represent  a  stratum  of  solid  soil,  clay,  rock,  or  gravel,  &c 
lying  below  softer   earth,  it  Fur  S 

would  appear  necessary  merely 
to  continue  the  parabolic  curve        _ 
down   to   the  line  xy:  but  >^i 

in  such  a  case 
strain    would 

by  the  superincumbent  mass 
of  earth ;  it  is  therefore  ne- 
cessary to  give  upright  abut- 
ments, although  at  a  con- 
siderable sacrifice  of  mate- 
rial. 

3.  The  springing  line  of  an  arch  should  be  kept  as  low  as  possible,  compatible  with 
safety  and  convenience ;  as  by  such  precaution  the  mass  of  the  abutment  is  reduced. 
The  height  of  the  springing  line  is,  however,  regulated  by  circumstances.  When 
there  is  no  traffic  upon  the  river,  the  springing  line  may  be  a  few  inches  above  tlie 
highest  posaible  floods  ;  remembering  that  the  construction  of  a  bridge  will  frequently 
raise  the  floods  above  any  previously  experienced. 

4.  Where  rivers  are  used  for  navigation,  the  abutments  must  be  sufficiently  raised 
to  admit  of  towing  paths  ;  and  the  arches  must  be  sufficiently  elevated  to  allow  loaded 
boats  to  pass  freely  beneath  them. 

5.  Any  unneoessary  addition  to  the  height  of  an  arch  or  an  abutment  not  only 
wastes  material,  but  causes  either  an  awkward  ascent  or  the  necessity  of  additional 
approaches. 

6.  Having  fixed  according  to  circumstances  the  heigkt'of  the  springing  line  of  the 
arch,  as  well  as  the  height  of  the  roadway,  it  becomes  necessary  to  determine  the 
thickness  that  must  be  given  to  the  abutment,  to  enable  it  to  resist  the  thrust  of  the 
arch.  This  is  a  very  difficult  part  of  the  Bngineer's  art ;  and  judging  from  the  extra- 
ordinary diversity  observable  in  works  of  the  most  celebrated  architects  it  would 
appear  that  scarcely  two  of  them  had  been  guided  by  the  same  rules  or  prindples. 
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7.  An  abutment  may  be  considered  as  a  comi)act  mass,  a  b  o  d,  (fig.  4,)  liable  to  be 
moved  from  its  position,  either  by  being  turned  over  on  its  heel  B  by  the  throat  along 

Fig.  4.  the  line  bo,    or  by  sliding  on  its  base  A  M. 

When  the  abutment  is  lofty,  it  will  be  more 
likely  to  torn  on  its  heel ;  when  low,  it  will 
be  more  likely  to  slide.  Resistance  to  the 
first  motion  is  comparatively  easy  of  esti- 
mation. Resistance  to  sliding  is  a  problem 
involved  in  much  obscurity,  for  want  of  a  com- 
plete knowledge  of  the  laws  of  friction  ;  wa 
can»  therefore,  in  this  latter  case  work  only  hj 
approximation. 

8.  The  resistance  of  the  abutment  against  taming  on  its  heel  b  is  (independently  of 
the  earth  behind  it)  represented  by  the  mass  of  the  abutment  a  b  c  d  multiplied  into 
half  its  thickness,  or  half  a  b  :  but  if  We  suppose  the  arch  and  abutments  to  be  com- 
posed of  the  same  sort  of  stone  and  brick,  we  may  then  dispense  with  solidity,  And 
work  by  surfaces  ;  which  method  will  be  more  convenient. 

9.  The  proposed  method  of  determining  the  thickness  of  an  abutment  to  resist  tbe 
effort  of  an  arch  to  turn  it  over,  will  be  best  illustrated  by  an  example. 

10.  The  abutment  arch  of  the  HutchesOn  Bridge,  Glasgow  (fig.  5),  built  by  Mr.  R. 

Stevenson,  is  a  segm^t  of  60  degrees  of 
a  circle,  the  radius  and  span  being  each 
65'.  The  line  of  thrust,  which  is  tan- 
gent to  the  circle  at  the  springing,  forma 
therefore  an  angle  of  30*  with  the  hori- 
xon.  The  thickness  of  the  arch  is  every- 
where 3'  6",  The  height  of  the  spring- 
ing line  is  17',  but  the  abutment  ia 
carried  up  solid  to  a  mean  height  of 
26  feet. 

11.  To  find  the  thrust  of  the  arch,  it 
will  be  requisite  to  allow  for  the  road- 
way and  occasional  loading  of  the  arch ; 
:}T.7::i  ^^^  when  the  material  is  stone,  18  inches 
added  to  the  thickness  of  the  arch  will 
cover  all.  The  arch  then  is  5'  thick,  and  the  length  of  the  half-arch  is  85' ;  and 
5  X  35  =  175'  is  the  area  of  the  half-arch  ;  this,  multiplied  by  the  cotangent  of  30* 
or  1*732=303*1,  is  the  horisontal  force  acting  upon  a  lever  17  feet  long;  therefore 
the  total  force  to  be  resisted  by  the  pier  will  be  303*1  k  17  =  5152. 

12.  To  find  the  thickness  of  abutment  necessary  to  resist  the  above  thrust, — let 
H  be  the  height  of  the  abutment,  and  b  its  thickness  ;  then  h  x  b  will  represent  its 
area  ;  and  supposing  this,  as  in  the  area  of  the  arch,  to  represent  the  weight  also^  we 
have  to  multiply  it  by  half  the  thickness,  or  half  b  (by  the  laws  of  the  lever). 


-jb 


Therefore  H  x  B  x   4  B  or 


H  X  B» 


will  represent  the  vis  inertias  of  the  abutment. 


Now  to  make  this  just  balance  the  thrust,  we  have  the  equation 

H  X  B« 


5152; 


from  which  the  value  of  b  will  be  found  to  be  19 -6  or  19'  7",  which  is  almost  exactly 
what  Mr.  Stevenson  has  given  to  the  solid  part  of  his  abutments. 
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IS.  The  above  thicknesB  enables  the  abaiment  just  to  baUnoe  the  arch  and  its 
load,  bat  it  is  advisable  to  have  a  preponderance  in  favoiir  of  the  pier :  this  may  be 
given  by  the  addition  of  buttresses  called  '  counterforts.'  Mr.  Stevenson  has  made 
those  in  the  example  before  ns  very  massive  ;  they  are  two  buttresses  17'  long  and 
12^  mean  thickness,  with  a  horizontal  counter-arch  between  them.  I  should,  however, 
deem  it  safe  to  give  fuar  counterforts,  each  having  a  length  equal  to  one-third  or 
one-half  o^  the  thickness  of  the  abutment^  and  a  breadth  equal  to  one-tenth  the 
breadth  of  the  same. 

14.  The  above  example  was  taken  from  a  number  of  plans  of  bridges,  merely 
because  the  arch  happened  to  contain  60 **  exactly.  The  Wellesley  B^^dge  at  Limerick 
corroborates  this  theory  very  closely ;  the  calculated  value  of  B  being  IS'  10",  whilst 
the  thickness  of  the  solid  part  of  the  abutment^  as  executed  by  Mr.  Nimmo,  is  15' ; 
and  there  are  also  three  counterforts,  each  6'  long  and  4'  broad.  But  on  the  other 
hand,  the  Bridge  of  Jena  in  Paris,  being  a  segment  of  64'  with  a  chord  of  91'  6',  and 
versed  sine  of  lO'  9",  and  where  the  value  of  b  is  calculated  at  23  feet,  the  architect, 
M.  Lamande,  has  given  the  enormous  thickness  of  45  feet^  or  half  the  span  of  the 
arch.     Such  profusion  of  strength  is  not  to  be  imitated. 

15.  When  the  arch  is  elliptical,  the  line  of  thrust  will  be  calculated  as  a  tangent  to  a 
parabola  from  the  point  where  the  parabolic  curve  cuts  the  abutment  produced  upwards. 

16.  With  reference  to  the  second  mode  of  failure,  vis.,  by  the  abutment  sliding 
upon  its  foundation,  Mr.  Bennie^s  experiments  with  roughly  dressed  granite  seem  to 
show  that  the  friction  with  this  stone  is  somewhat  greater  than  half  the  weight ;  and 
taking  into  consideration  the  tenacity  of  the  cement,  the  resistance  afforded  by  the 
two  may,  with  safety,  be  considered  as  equal  to  three-fourths  of  the  weight,  if  not 
fully  equal  to  the  whole.  However,  limiting  the  effects  to  three-fourths  of  the  weight 
of  the  abutment,  we  will  suppose  the  following  case  : 

17.  Let  fig.  6  represent  one-half  of  a  segmental  arch  of  60* — the  whole  span  being 
100  feet,  and  the  thickness  of 

Piff   S 

the  arch,  or  depth  of  voussoirs, 
being  5  feet.    The  rise  or  versed    s 
sine  will  be  13},  and  the  sur- 
face of  roadway  may  be  2  fiset 
above  the  key-stone,  so  that  the 
total  height  of   the  abutment 
willbe  1314-6  +  1  =  194  feet. 
The  thrust  falling  at  the  foot  of 
the  abutment,  it  is  plain  that  it 
will  be  more  likely  to  slide  upon 
its  base  than  to  turn  over  upon  its  heel.    The  force  or  horisontal  thrust  will  be  6^  x 
60  X  cotangent  SO**  =  676  ;  and  the  equation  of  equilibrium  will  be 

H  X  B  X  f  =  676  ; 

where  H  is  the  height  of  the  abutment,  and  B  is  its  length  =  ah,  then 


T 


sy 


B=?Z?xS 
H      8' 


and  as  H  =:  19*5,  b  will  equal  89 
feet,  nearly.  Some  little  allowance 
may  be  made  for  the  sake  of  safety. 

18.  In  figure  7,  where  the  rise  is 
one-fifth  of  the  span,  the  value  of 
H  is  26,  and  this  reduces  the  value  of 
Bto28. 

VOL.  III. 


Fig.  7. 
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19.  That  the  thrasi  of  an  arch  is  exceedingly  diminiibed  by  the  tenadty  of  the 
masonry,  when  consolidated,  was  shown  by  an  accident  which  oocnrred  Tery  reeentlr 
with  an  old  bridge  of  considerable  sise.  The  valley,  which  is  extensire,  is  oroBseil 
partly  by  the  bridge  and  partly  by  a  Tiaduct  pierced  at  intervals  by  small  arobea. 

SO.  In  the  rains  of  1842,  one  end  of  this  bridge,  130  feet,  consisting  of  six  small 
arches  standing  on  box-work  9'  deep,  was  undermined,  together  with  a  portion  of  the 
caaaeway.  The  waterway  being  considered  insufficient,  it  was  proposed  tb  snbstiiate 
a  set  of  arches,  varying  from  30  to  21  feet  span,  in  place  of  the  ii^nred  portions  of 
the  bridge  and  causeway.  The  overseer  in  charge,  by  some  strange  oversight, 
proceeded  to  dismantle  the  injured  arches,  without  taking  any  precaution  towards 
supporting  the  next  sound  arch  (a  semi 'ellipse  of  SO'  span  and  7'  versed  sine),  which 
was  thus  left  abutting  on  a  pier  6  feet  thick  and  11  feet  high.  Such  an  abutment  was 
much  too  weak,  and  under  the  thrust  of  a  fresh  arch  would  have  been  overturned  : 
but  the  old  arch  merely  opened  a  little  underneath  the  key-stone,  and  threw  the 
abutment  slightly  out  of  the  perpendicalar.  A  heavy  buttress  was  then  applied, 
until  the  new  companion  arch  could  be  turned  (a  semi-ellipse  of  31  feet  span).  On 
the  centering  of  this  new  arch  being  struck,  the  pier  resumed  its  original  position,  and 
the  crack  of  the  old  arch  closed  up. 

21.  This  example  is  instructive,  inasmuch  as  it  shows  that  one-fifth  of  the  span  ki 
not  sufficient  for  the  ahUment  of  an  elliptic  arch  of  similar  span,  rise,  and  supports ; 
and  these  proportions  are  very  commonly  used  in  regard  to  piers. 

22.  It  is  not  recorded,  that  any  opening  or  crack  took  place  between  the  springing 
and  the  crown  of  the  above  arch,  which,  according  to  some  theoretical  writers,  ought 
to  have  been  the  case :  however,  it  is  by  no  means  certain  that  such  an  intermediate 
crack  did  not  take  place. 

23.  I  have  omitted  from  the  calculations  all  consideration  of  the  steadiness  imparted 
to  the  abutment  by  the  vertical  pressure  of  the  arch ;  this  element  would  render  the 
subject  too  abstruse  for  the  ordinary  builder ;  nor  do  I  believe  that  it  has  ever  been 
considered  practically, 

SSOTION  IT. — PIEBS. 

A  pier  is  an  abutment  supporting  the  feet  of  two,  instead  of  only  one  arch :  it  then 
ceases  to  be  an  '  abutment ; '  as  the  horisontal  portions  of  the  thrust  of  the  two  arehea 
abut  against  and  balance  each  other,  leaving  only  the  vertical  or  perpendicular  portion 
of  the  thrust  (which  is  simply  the  weight)  to  be  borne  by  the  pier. 

2.  Now  the  weakest  material  of  which  a  masonry  bridge  is  constructed,  vis.  brick, 
is  80  strong  in  resisting  a  crushing  force  or  weight,  each  square  foot  being  estimated  aa 
capable  of  bearing  about  80,000  lbs.  weight,  or  35  tons,  that  a  pier  two  hei  thick 
would  (without  other  consideratbns  than  that  of  the  mere  weight)  suffice  to  sui^>ort 
the  feet  of  two  arches  of  200  feet  span  each,  and  2  feet  thick  or  deep. 

3.  In  practice,  however,  arches  meeting  on  a  pier  do  not  always  counterbalance 
each  other  completely.  The  pier,  if  very  thin,  would  be  rickety,  and  liable  to  be 
split  or  bent  by  the  load,  although  the  bricks  themselves  would  not  be  crushed  :  it  is 
therefore  usual  to  give  a  much  greater  thickness  to  piers,  than  is  absolutely  necessary 
for  supporting  the  load. 

4.  Some  Engineers  consider  it  necessary,  that  a  pier  should  be  strong  enough  to  act 
as  an  abutment  to  the  other  arch,  in  the  event  of  one  arch  being  broken :  but  this 
would  generally  require  the  pier  to  be  one-third  or  one-fourth  of  the  span  ;  and  this 
would  interfere  too  much  with  the  waterway.  One- fifth  and  one-sixth  of  the  span  are 
both  practised  in  India ;  and  they  give  a  light  and  elegant  pier.  This  thickness  is 
measured  at  the  summit  of  the  pier. 
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5.  It  is  a  good  practioe  to  build  pien  with  a  ilope  or  *  battor,'  thus  makbg  the 
thickness  greater  at  the  foot  of  the  pier.  This  not  only  imparts  steadiness  to  the  pier 
itself,  but  causes  it  to  oppose  a  greater  surface  against  the  soil,  rendering  it  less 
liable  to  sink.  This  slope  or  batter  need  not  exceed  1  in  12.  With  low  elliptic 
arches,  it  is  common  to  give  a  considerable  batter,  but  in  the  form  of  the  curre  {vide 


Fig.  8. 


figure  8),  which  giTCs  a  Tery  elegant  appearance  :  but  it  reduces  the  waterways,  and  is 
only  allowable  on  particular  occasions. 

6.  In  running  streams  of  any  magnitude  it  is  adTontageous  to  shape  the  ends  of  the 
piers  into  cut-waters,  for  the  purpose  of  passing  the  water  through  the  arch  with  as 
little  turmoil  as  possible.  The  best  fonn  for  such  puTX)ose  would  be  that  of  a  very 
sharp  wedge,*  but  this  would  be  weak  in  itself  and  dangerous  to  boats.     A  very  good 

form  (fig.  9)  is  obtained    by  ^____ ^^-  ^• 

describing  arcs  from  each 
corner  of  the  pier  with  a  ra- 
dius equal  to  the  thickness  of 
the  pier.      In  small  bridges. 


PIER  AND  CUTWATERS. 


or  where  the  current  is  slack,  it  will  be  sufficient  to  describe  semicircles  on  the  ends 
of  the  piers  as  diameters,  as  in  fig.  10. 


7.  Piers  should  be  built  in  a  very 
solid  manner  and  with  yerjr  fine  joints, 
to  obviate  settlement 

8.  The  summit  or  head  of  a  pier 
should  rise  above  the  highest  flood 
leveL 


Fig.  10. 


BBCnOH  V. — THE  ARCH. 

There  are  only  two  curves  well  adapted  to  bridge  purposes,  vis.  the  segment  of  the 
circle  and  of  the  ellipsis  or  ovaL  The  first  is  the  simplest :  but  a  constant  repetition 
of  it  would  be  tedious  to  the  eye,  which  requires  variety  ;  and  this  is  afforded  by  the 
ellipse  and  its  modifications. 

2.  There  are  many  ways  of  drawing  an  oval :  but,  passing  them  over,  we  will  here 
see  how  the  segment  of  60*  may  be  converted  into  an  oval,  so  nearly  resembling  the 
true  ellipse,  as  to  be  hardly  distinguishable  from  it,  even  on  measurement    (Fig.  11.) 

3.  Draw  the  arc  a  d  b  as  in  fig.  1 ;  draw  the  perpendicular  radius  o  n,  and  upon  it 


*  Mr.  Pago's  cut-waters  in  ths  Now  Weatmlnster  Bridge  appear  to  be  of  this  form. 

•R  2 


\ 
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■et  off  D  B  equal  to  about  one-fifth  of  the  span  ▲  b.  Through  b  draw  H  ■  I  pszallel  to 
A  By  making  a  h,  b  i,  equal  to  half  o  B.  Prom  the  points  x  and  jr,  taken  at  about 
one-fourth  of  the  half-arcs  a  n,  b  d,  draw  by  the  aid  of  the  eye  the  curres  x  h,  y  i,  to 
complete  the  ovaL  This  is  a  very  graceful  curre,  and  has  a  Tery  oonTenient  rise  :  its 
thrust  is  exactly  the  same  as  >g-  *  . 
in  figure  1.  ^ -....^^^ 

4.  To  obtain  the  back  or  ^.^""^      ^^ -^     ^^'^^v^     ■ 

'extrados,*  after  barbg  de-  ^V^^^^**  '^X.*^^^^ 

termined   the  depth  of  the      \^^sy  " '^' V^^^r^ 

key-stones  b  dy  take  o  d  as  H\^  b  / 1 

radius,  and  from  the  centre  \ 

0  describe  the  arc  k  d  l.  \ 

6.  The  Youssoirs  or  joints  \  ./ 

are  all  drawn  towards  the  \  /' 

centre  o.  \  / 

*  • 

6.  The  form  of  the  arch 
may  be  raried  by  making 

the  Tersed  sine  b  b  greater  \     / 

or  smaller  in  proportion  to  y'* 

the  span.  ^ 

7.  One  of  the  most  graceful  arches  in  Europe  ik  a  semi-ellipse,  whose  rise  it  leas 
than  one-sixth  of  the  span ;  it  is  built  of  marble.  The  arches  of  the  town  bridge  on 
the  canal  at  Eumaul,  built  by  Colonel  J.  Colvin,  of  the  Bengal  Bngineers^  are  of 
similar  proportions,  and  are  built  in  brick.  Very  flat  cunres  require  care  and  attention 
in  setting  the  joints  accurately  :  but  care  and  attention  should  be  bestowed  upon  ererj 
arch,  howeyer  simple  its  form. 

8.  GK)thic,  Mohammedan,  and  other  pointed  arches  are  not  well  suited  for  bridgea, 
as  they  require  a  more  than  convenient  rise,  besides  being  mechanically  objectionable. 

9.  Thiehneu  of  Arch^  or  the  depth  of  the  key-stone. — Authorities  and  examples 
differ  very  much  in  regard  to  this  fundamental.  Key-stones,  which  generally  denote 
the  depth  of  the  arch  at  the  crown,  have  been  actually  constructed  from  ^th  to  ^th 
of  the  span.  If  it  were  necessary  to  guard  against  dead  weight  or  thrust  simply,  the 
depth  of  arch  actually  necessary  would  be  very  small ;  but  as  yibration  is  one  of 
the  most  dangerous  enemies  of  a  bridge,  it  becomes  expedient  to  give  such  solidity  as 
to  reduce  this  action  within  safe  limits.  In  large  arches  of  stone,  ^th  of  the  span, 
or  thereabouts,  is  a  favourite  depth  of  key-stone  with  modem  architects ;  but  this 
would  be  much  too  small  in  small  brick  arches  of  30'  and  40'  span.  Brick  being 
lighter  than  stone,  and  the  compressive  force  of  a  small  arch  being  much  less  than 
that  of  a  large  one,  the  equilibrium  would  be  more  easily  disturbed  by  a  pawiing 
load.  For  brick  arches  of  40  and  50  feet  span,  i^^th  of  the  span  will  be  found  a  good 
thickness;  for  SO'  spans,  ^th ;  for  20'  spans  -^ih. ;  and  for  10'  spans  ^th  :  it  is  false 
economy  to  allow  less  than  20  or  24  inches  to  the  smaller  bridges  or  culverts. 

10.  Turning  the  Arch. — Preparatory  to  turning  the  arch  it  is  necessary  to  proTide 
a  form  or  'centering'  on  which  to  lay  the  brickA  or  stones  of  the  arch  itseH  In 
Europe  centerings  are  made  of  timber :  but  in  India,  where  timber  is  generally  scarce, 
and  the  spans  of  bridges  usually  small,  pillars  of  mud -cemented  masonry  are  buili 
between  the  piers  or  abutments ;  and  on  these  may  be  laid  either  a  wooden  frame 
coinciding  with  the  form  of  the  intrados  of  the  arch,  or  a  form  of  brick  and  mud- work. 
Fide  figures  12  and  13. 

11.  Such  centres  will  only  be  applicable  to  arches  which   can  be  turned  with 
certainty  before  the  periodical  floods  take  place.     Where  this  is  not  possible,  piles 
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mnit  b«  taltttitated  for  tha  [ullan ;  or  Mutrei  of  timben  mmt  be  Hud*,  wbieh  will 
■tend  by  rating  upon  tbe  pienk     Tbflw  IMtsr  nqnin  eontidenbla  meohftnietl  ikill 


12.  Upon  the  mnolded  mr&ce  ot  the  cantre,  the  mrching  brisk*  an  lud,  eom- 
menaEig  >t  the  hannch  nod  taking  ore  to  make  the  two  ndei  kppTouh  equally 
towanls  tia  centre,  and  to  Icbts  b  ipaoe  at  the  «entre  Joat  mffiaent  to  recNve  one 
brick  *a  a  kej-etone.  This  brick  or  kej  should  be  inlaid  vith  finely  ground  mortar 
And  be  driien  home  with  a  tew  light  tapt  of  a.  wooden  nuJlet :  care  mnit  be  taken  not 
to  DM  too  much  loMe,  or  the  arch  will  psrbapa  start  ncsr  the  bannehea. 

13.  Joint*. — All  the  joints  ahonld  be  radiated  at  jigbt  angles  with  the  onrrs  of  ttie 
paiabola ;  bat  wheie  only  60°  of  a  drcle  are  employed,  the  bricks  are  all  radiated  to 
the  centre  of  the  mole.  When  the  ipan  is  20'  and  npwardi.  It  will  be  needleaa  to 
drcM  ea«h  brick  to  the  form  of  the  arch ;  it  will  soSce  to  make  the  joints  ae  amall 
as  possible^  reeollecting  that  the  biieka  shonld  be  in  aotnal  contact,  the  oemaot  merely 
filling  ap  their  ineqaalitiea. 

14.  When  the  arch  ia  keyed  or  completed,  the  centering  may  be  remoTod.  This 
operation  shonld  be  performed  by  tieanUDg  the  earthen  mould  from  beiow  the  centra 
of  the  arch,  working  then<«  towards  the  haondie*,  and  by  equal  gradations  on  either 
tide  of  the  oe&lM ;  otherwise  the  arch  might  settle  meqaally,  and  be  strained. 


15.  Binding. — Aa  lar  as  iO  feet,  a  very  tinple  mode  of  bonding  the  masonry  of  an 
arch  hai  b««n  found  aaeceaafnl.  The  bricks  are  all  laid  on  edge  with  the  centering, 
and  are  carried  round  from  pier  to  oentie  in  oonoentrie  rings :  horimntally  they  break 
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joint  aeroM  the  arch.     Arching  of  thii  pattern  is  hardly  more  expensive  than  oommon 
wall-work,  but  it  is  found  to  be  inapplicable  to  yery  large  spans. 

16.  The  meet  nsual  mode  is  that  of  the  common  bond.  One  brick  is  laid  on  edge 
to  the  centering,  its  length  laying  in  the  direction  of  the  breadth  of  the  arch ;  the 
next  brick  is  placed  with  its  end  npon  the  centering  and  its  length  in  prolongation 
of  the  radios,  thns  breaking  joint  on  the  thickness  as  well  as  on  the  breadth  of  the 
arch. 

17.  Cements. — One  of  the  best  cements  ordinarily  to  be  obtained  in  India  is  made 
of  one  part  stone  lime  and  two  parta  fine  ioorkee  or  pounded  brick  ;  hujree  or  gravel 
being  seldom  fine  enough  for  arch  joints.  The  lime  should  be  fresh  and  caustic;  the 
soorkee  should  be  made  of  the  squndest  bricks.  The  two  ingredients  should  be 
mixed  and  ground  dry  under  a  chuckee  or  grinding-stone,  and  should  then  be  slaked 
with  just  sufficient  water  to  make  them  into  a  paste.  If  fine  hujree  be  used,  the  same 
mode  of  treatment  is  to  be  obeenred.  The  quality  of  the  cement  depends  greatly 
upon  the  lime  being  slaked  from  its  caustic  state  whilst  in  contact  with  the  gravel 
or  soorkee. 

18.  Haunches. — To  relieve  the  shoulders  or  haunches  of  the  arch  from  unnecesaarj 
weight,  as  well  as  to  save  material,  thin  longitudinal  walls,  called  *'  spandrel"  waUa, 
are  built  at  intervals,  extending  from  the  abutments  nearly  to  the  centre :  their 
aonmiita  support  either  slab-stones  for  covering  the  intervals,  or  small- vaolta  of 
masonry. 

19.  These  walls  may  be  14  or  2  feet  in  thickness;  their  intervals,  where  flags  are 
used  to  cover  them,  must  depend  upon  the  size  of  the  stone  procurable.  When 
vaulting  is  used,  the  intervals  xob^  be  34'  or  3';  the  outer  walla  in  this  ease  should 
not  be  under  2  feet. 

SlOnON  YL — BOADWAT. 

On  roads  of  great  traffic,  and  when  the  bridges  are  small,  they  should  be  the  full 
breadth  of  the  road.  But  when  the  bridges  are  large,  this  would  cause  them  to  be 
too  expensive ;  they  should  not,  however,  be  less  than  24  or  25  feet  in  dear  width  of 
roadway  between  the  parapets.* 

2.  A  flat  or  level  roadway  is  the  most  convenient :  but  where  a  rise  is  necessary, 
the  slope  should  not  exceed  1  in  35,  or  1  foot  of  rise  to  85  feet  of  base. 

8.  Above  the  extrados  or  back  of  arch  there  must  be  laid  a  course  of  bricks  on  edge, 
fixed  in  mortar,  and  over  this  a  layer  of  6"  of  metal  (beat  down  from  9'').  This 
surface  should  be  well  drained  by  means  of  outlets  through  the  parapet  walls. 

4.  The  roadway  should  always  be  guarded  by  parapet  walls,  varying  from  3  to  5 
feet  in  height  and  from  14  to  2  in  thickness,  according  to  the  nature  of  the  bridge. 
These  walls  are  continued  with  a  curved  splay  outwards  from  the  end  of  the  bridge 
to  form  proper  entrances  or  approaches. 


SECTION  Vn. — TRSATIHO  OF  THK    FOUNDATIONS    FOB    BRIDGES,    SSPEOIALLT   IN    INDIAN 

BIVEBS. 

Hitherto  I  have  considered  the  abutments  and  piers  as  standing  upon  solid  soils, 
their  bases  being  spread  out  to  give  a  better  footing ;  but  in  India  it  too  frequently 
happens  that  this  precaution  is  not  sufficient.  The  general  character  of  the  earth's 
crust,  in  India,  is  a  superstratum  or  upper  layer  of  clay,  varying  in  quality  by  its 


*  This  applies  to  Indian  roads. 
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niiztnre  with  sand  or  vegetable  mould,  and  Taiyiog  in  thiokneia  from  8  feel  to  20,  or 
even  more,  with  a  subitratnm  of  sand  to  great  deptha,  but  generally  containing  thick 
or  thin  layers  of  clay,  or  hunJsury  day,  lying  at  Tarioua  deptha  below  the  Bor&ce  of 
the  sand. 

2.  When  rivers  run  in  the  upper  stratum  of  elay  without  cutting  through  it,  their 
streams  will  generally  be  found  to  be  sluggish,  having  little  slope,  and  running  across 
or  obliquely  with  the  general  line  of  drainage.  With  such  streams  it  will  be  neoessary 
merely  to  sink  the  footing  of  the  piers  and  abutments  a  few  feet  below  the  bed  of  the 
stream;  but  where  the  day  has  been  out  through,  exposing  the  sand,  it  becomes 
necessary  to  take  further  precautions  for  fixing  the  feet  of  the  piers  and  abutmeoto. 

3.  Sand,  when  free  from  the  action  of  running  water  or  other  disturbing  forces,  is 
by  no  means  a  bad  foundation ;  it  is  superior  to  many  kinds  of  day :  but  in  the  bed 
of  a  river,  and  under  even  the  most  gentle  current,  it  is  liable  to  be  moved,  and  is 
therefore  quite  unfit  for  the  fitting  of  piers,  &c. ;  and  it  becomes  necessary  to  seek 
artificial  means  of  securing  the  foundations. 

4.  With  small  bridges,  and  where  the  current  is  not  very  strong,  and  where  the 
natural  waterway  has  not  been  much  diminished  by  embankments,  it  is  sufficient  to 
support  the  bridge  upon  '  boxed  foundations.*  These  are  formed  by  making  large 
boxes  of  wood  of  the  shape  of  the  pier  or  abutment,  but  about  9"  or  12^'  larger  each 
way  as  to  length  and  breadth.  The  boxes  have  neither  tops  nor  bottoms,  and  their 
sides  vary  in  height  from  6  to  10  feet»  according  to  circumstances.  These  boxes  are 
driven  into  the  sand  by  scooping  from  the  interior,  and  they  are  then  filled  with 
rubble  masonry.     Upon  this  masonry  the  piers  and  abutments  are  built. 

6,  Beyond  the  depth  of  10  or  12  feet»  it  is  better  to  use  wells  or  blocks  of  masonry. 

6.  Wells*  are  familiar  to  the  natives  of  India,  who  have  used  them  as  foundatbna 
for  many  centuries.  The  class  called  Well-sinkers  are  very  expert ;  almost  any  Bsj 
Mistree  will  lay  off  the  walls  of  a  foundation.  When  a  cut-water  is  used,  care  musl 
be  taken  to  have  it  also  supported  by  a  well  or  part  of  a  weU. 

7.  '  Blocks*  are  a  variety  of  the  well  foundations.  In  this  case  a  frame  of  stout 
wood,  well  joined,  is  made  in  the  shape  of  the  pier  or  abutment^  being  a  little  wider 
each  way.  Upon  it  is  raised  a  mass  of  masonry,  conforming  to  the  shape  of  the 
wooden  frame  or  *Ny -chuck.*  The  masonry  is  pierced  by  wells,  varying  from  3'  to 
6'  in  diameter,  and  placed  at  various  distances ;  but  the  largest  wells  should  not  bo 
more  than  3  feet  apart ;  when  the  pier  or  abutment  is  very  large,  it  may  be  divided 
into  two  or  more  portions.  These  masses  are  driven  down  after  the  manner  of  well* 
sinking ;  they  are  capable  of  being  well  loaded,  and  they  may  be  sent  downwards  with 
great  nicety,  and  are  not  so  apt  as  wells  are  to  topple  over.  They  are  more  expensive 
than  wells,  but  are  much  firmer. 

3.  Blocks  may  be  laid  at  distances  of  8  and  10  feet,  the  intervening  spaces  being 
covered  by  arches :  this  is  economical  in  huge  works. 

9.  A  Table  is  given  of  the  rates  and  times  of  block-sinking,  (Sompiled  by  Major 
W.  E.  Baker,  of  the  Engineers,  from  the  day-books  of  work  at  a  canal  bridge. 

10.  The  following  remarks  apply  equally  to  wells  or  blocks. 

11.  These  foundations  may  be  supported  in  two  ways,  either  by  driving  them  down 
to  the  solid  soil,  — clay  or  kunkur,  or  rock,  —or  they  may  be  suspended,  as  it  were,  in 
the  sand,  by  mere  friction,  the  force  of  which  is  very  great  in  sand ;  so  much  so,  that 
beyond  the  depth  of  40  feet  or  so  the  labour  of  sinking  the  masonry  becomes  exces- 
sive^ and  unless  the  head  be  well  weighted  by  extraneous  loads,  there  is  gi'eat  chance 


*  8ee  '  Corps  Papers,'  vd  L  p.  60. 
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that  the  lower  portions  will  drop  away  into  the  hollow  formed  bj  the  ezoaTaton ;  bat 
hj  heavily  loading  the  summit,  wells  have  been  driven  50  fiset  throngh  sand. 

12.  If  the  river's  bed  were  not  disturbed  to  any  great  depth  by  the  action  of  the 
water,  there  would  be  no  necessity  for  sinking  the  wells  very  deep;  friction  alone 
would  suffice  to  uphold  them ;  but  Indian  rivers  have  this  peculiarity,  that  daring 
eight  months  of  the  year  they  occupy  very  narrow  channels,  and  during  the  rest  of 
the  year  they  flow  with  broad  and  rapid  streams,  sometimes  overflowing  the  ooontry 
for  miles  on  either  side. 

18.  It  would  be  too  expensive  to  carry  a  bridge  over  the  whole  or  even  one-balf  or 
one-third  of  this  flood :  it  is  therefore  usual  to  embank  the  greater  portion  of  the  low 
ground  with  a  stout  mound  of  earth,  restricting  the  river  to  such  a  channel  as  we  mmj 
have  the  means  of  bridging. 

14.  Such  reduction  of  the  waterway  causes  the  water  to  rise  in  a  heap  abore  the 
bridge,  and  this  occasions  a  rush  or  rapid  through  the  arches,  sufficient  to  tear  up  the 
nnd  to  a  great  depth  ;  so  that  shallow  foundations  would  be  rooted  up. 

15.  The  uprooting  force  of  these  rapids  extends  to  great  depths,  as  is  shown  by  the 
following  facts  : 

16.  In  1831  a  masonry  bridge  of  three  arches,  each  of  60'  span,  was  built  over  the 
Neem  Nnddee,  on  the  road  between  Futtehgurh  and  Koel.  The  river  there  runa  in  a 
wide  shallow  valley,  and  for  eight  months  in  the  year  has  no  stream,  being  nearlj 
dry  :  it  takes  its  rise  below  Boolundsher,  about  35  miles  above  the  bridge,  and  as  it 
is  hemmed  in  between  the  Ghinges  and  the  Kalee  Nuddee,  it  cannot  drain  a  greater 
area  than  150  square  miles  ;  yet  in  the  rains  of  1838  the  floods  came  down  with  anch 
Tiolenoe,  that  they  rose  above  the  crowns  of  the  arches,  and  then  excavated  the  aoil 
below  the  foundations,  until  the  whole  mass,  excepting  the  abutments,  fell  into  the  golf. 

17.  The  arches  were  flat  ellipses,  springing  low,  and  with  splayed  piers,  described 
in  Section  it.  par.  5.  The  foundations  were  wells,  sunk  to  the  depth  of  20  feet|  And 
were  supposed  to  rest  on  good  clay. 

18.  The  eastern  Kalee  Nuddee  takes  its  rise  in  a  swamp  dose  to  Kotowlee, 
Mozufiemugger  district^  and  about  25  miles  north  of  Meerut.  It  is  like  the  Neem 
Nuddee  above  described  as  to  its  valley,  and  its  dry-weather  appearance.  The  slope 
of  the  bed  does  not  exceed  14  inches  per  mile  ;  the  river  drains  an  area  of  about  250 
square  miles. 

19.  Over  this  river  and  on  the  Ghirhmooktesur  road,  close  to  Meerut,  a  masonry 
bridge  of  three  arches,  each  of  25  feet  span,  was  built  in  1840 ;  it  was  supported  on 
wells  running  down  22  J  feet  below  the  river^s  bed,  and  supposed  to  rest  upon  a  strong 
stratum  of  clay,  mixed  with  kunkur. 

20.  In  the  rains  of  1842  a  heavy  flood  occurred  ;  the  water  rose  8  feet  perpen* 
dicularly  :  it  did  not  reach  the  crowns  of  the  arches,  but  it  rushed  with  such  violence 
as  to  scoop  out  the  sand  to  a  depth  of  23  feet,  or  6  inches  below  the  footing  of  the 
wells.  The  wells  dropped  perpendicularly  6  inches,  and  there  stood  (it  is  supposed) 
on  the  real  kunkur-bcd  :  the  bridge  did  not  fall,  but  the  arches  split  into  many 
fissures.  On  attempting  to  remove  the  arches,  the  whole  went  down  into  the  pooL 
Had  the  pool  been  filled  with  sand  preriously  to  this  attempt,  the  foundations  might 
have  been  saved,  but  would  hardly  have  been  trustworthy. 

21.  Too  much  caution  can  hardly  be  used  in  ascertaining,  by  personal  inspection, 
whether  the  wells  have  reached  a  solid  stratum.  Native  workmen,  anxious  to  get 
this  laborious  part  of  the  operation  over,  generally  try  to  persuade  the  architect  that 
the  wells  are  firmly  footed.  I  think  it  highly  probable,  that  the  wells  of  the  Kalee 
Nuddee  bridge  had  been  8top|>ed  just  6  inches  short  of  the  solid  soil ;  and  that  6  inches 
more  of  sinking  would  have  saved  this  useful  construction. 


PASSAGE    OF   &IVEB8. 


57 


22.  The  pien  of  a  snspeiuion  bridge  of  400  feet  waterway  bad  been  completed  on 
the  Hindnn  rirer  near  Delhi,  and  the  abntments  had  been  connected  with  the  high 
bank  by  an  earthen  caaseway,  measuring  a  mile  from  end  to  end,  when,  in  the  raina 
of  1844,  the  waters  rose  114  ^<^  ^^^  scooped  out  the  sand  from  the  eastern  end  to 
the  depth  of  25 J  feet.  The  pier  at  which  this  occurred  stands  upon  wells,  as  do 
all  the  rest ;  but  the  wells  of  this  one,  after  having  been  driven  to  the  depth  of  34 
feet,  moved  with  so  much  difficulty  as  induced  the  architect  to  stop  the  work,  leaving 
them  supported  by  sand  alone.  Ghreat  apprehennon  was  entertained  regardiug  this 
pier,  whose  wells  were  actually  bare  of  all  but  water,  to  the  depth  of  25|  feet :  they 
remained  firm,  supported  by  the  friction  upon  84  running  feet  of  their  lower  extre- 
mities :  sand-bags  were  thrown  in,  and  before  the  occurrence  of  another  flood  the  pool 
was  filled  up. 

23.  In  Europe,  wooden  piling  is  used  to  a  eonsiderable  extent  in  securing  founda- 
tions :  but  it  is  not  often  applicable  in  India,  as  it  is  necessary  to  the  durability  of 
the  piles,  that  they  should  be  completely  covered  by  water  at  all  times  ;  and  in  large 
rivers,  where  they  might  be  so  submerged,  the  great  depth  of  sand,  sometimes  50 
feet^  is  beyond  the  reach  of  the  largest  timbers  procurable  in  the  Upper  ProvinoeSi — 
nor  could  the  pile  be  driven  to  that  depth  in  many  cases, — ^timber  piles  might  be  scarfed  : 
but  they  would  be  more  expensive  than  wells,  which  are  nothing  more  than  piles  of 
masonry. 

24.  Piling,  however,  is  often  used  pa  an  auxiliary  in  defending  the  feet  of  cause- 
ways and  the  wing  oralis  of  bridges ;  also  in  protecting  the  curtail  wi^lls  where 
flooring  is  given  below  the  arches  :  bu^  all  these  are  on  a  small  sci^e,  and  the  subject 
requires  little  notice.  In  driving  piles,  it  is  better  tp  use  a  heavy  weight  with  a  short 
drop,  than  a  light  weight  with  a  long  drop  :  by  the  fom^er  the  work  is  more  speedily 
executed  and  the  pile-heads  are  less  injured.  When  driving  piles  in  sand,  espe- 
cially quicksand,  the  blows  should  be  given  as  quickly  as  possible  ;  the  moment  the 
pile  ceases  to  vibrate,  the  sand  settles  around  it,  and  lessens  the  effect  of  the  next 
blow.  The  longer  the  intervals  between  the  blows,  the  less  will  be  the  effect  of  each. 
A  pile  half-driven  in  sand,  and  left  for  any  length  of  time,  will  be  sometimes  found 
immoveable. 

25.  Instead  of  using  piles  or  wells  or  other  deep  foundations,  the  piers  and  abut- 
ments of  moderately  sixed  arches  are  supported  upon  inverted  arches,  as  in  fig.  14. 


Fig.  14. 


These  arches,  by  distributing  the  pressure  over  a  large  area,  enable  a  bad  soil  some- 
times to  resist  the  weight  of  a  bridge,  which  it  could  not  do  if  the  pressure  were  con- 
centrated in  the  narrow  areas  of  the  piers  and  abutments. 

26.  Such  a  foundation  is  only  applicable,  where  the  soil  is  not  liable  to  be  moved  ; 
for  it  is  evident,  that  if  the  soil  were  washed  out  from  below  the  centre,  the  arch  at 
that  part  would  very  probably  drop  down. 

27.  Inverted  archee  will  sometimes  save  a  weak  clay  soil  from  being  out  by  a  rush 
of  water  through  the  bridge.    In  this  case  there  should  be  curtain  walls^  some  few 
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feei  dtcfs  drswii  aeroa  tbe  opening  from  pier  to  pier,  to  prerent  the  aidi  finoa  iMiBg 
naderauned.  A  rov  of  piling  is  ■ometimet  given  infttend  of  the  cnrtnin  wally  b«i  the 
wan  is  the  lest :  lometimee  both  nre  need,  ris.  a  curtain  wail  resting  npon  piksu 

23.  In  large  bridges,  where  water  is  generallj  to  be  found  at  the  Teiy  footiiif; 
of  the  pieia,  it  woold  be  extremelj  difficult  to  turn  an  inrerted  arch  ;  and  astheaoil  in 
saeh  cases  of  Indian  experience  is  generallj  sand,  the  arch  would  be  unrtahto 

2d,  In  cases  where  the  waterway  of  a  large  bridge  is  found  to  be  dangeroosly 
saall,  the  foundations  are  eometimes  eeeured  by  a  flooring  of  auMonry.  This  flooring 
sho«Id  be  4  or  5  feet  thiek ;  and,  besides  lying  between  the  piers,  should  esloid  20 
feet  bejood  them,  both  up  stream  and  down  ;  the  outer  edges  being  guarded  hj 
curtain  walls,  if  posrible^  or  by  rowe  of  piles  :  sheet  piling  (stout  planks  of  vood 
would  be  the  best,  if  procurable  at  moderate  cost).  It  is  better  to  aroid  the  naofUj 
for  these  oostly  additiflus  by  allowing  a  suffidsney  of  waterway  in  the  original  desifB. 


sicnoH  nxi.— oa  thk  pbopik  watuiwat  vok  bridqbs. 

The  most  diflkult  part  of  an  architect*8  task  is,  very  often,  to  determine  the  amoimi 
of  opening  or  waterway  to  be  given  to  a  bridge.  When  the  banks  are  well  defined 
and  the  river  does  not  overflow,  then  the  question  is  comparatively  easy  ;  but  when, 
as  with  our  Indian  rivers,  the  dry- weather  supply  is  a  mere  rivulet,  or  perhaps  nothing, 
and  the  rainy-season  supply  a  flood  spreading  over  the  country,  then  the  question 
becomes  one  of  very  intricate  calculation ;  inasmnrh  as  it  is  difficult  to  deiennino 
what  portion  of  the  water  is  moving  and  what  is  mere  back-water.  It  is  seldom  ihnt 
the  architect  has  opportanities  of  se^g  the  highest  floods ;  he  therefore  gathers  his 
accounts  from  others ;  or  even  if  he  should  happen  to  witness  a  flood,  he  may  not 
possess  the  means  of  measuring  the  sections  and  velocities. 

2.  An  approximate  calculation  will  show  a  simple  mode  of  making  a  nnfiil 
estimate  of  the  quantity  of  waterway  that  should  be  allowed. 

8.  Let  ▲  B  (fig.  15)  represent  the  floo^-Une  of  a  river  ;  it  is  plain  that  if  we  measore 

Fig.  15. 


the  areas  of  each  compartment,  xyz  and  »,  and  ascertain  with  what  velodty  the 
water  is  moving  through  each,  we  shall  know  how  much  water  actually  passes  by  in 
a  given  time,  say  a  minute  or  a  second. 

4.  Now,  as  water  flows  on  account  of  the  slope  in  the  river^s  bed,  if  we  know  the 
velocities  caused  by  certain  slopes,  we  can  calculate  what  amount  of  opening  must  be 
given  to  a  bridge,  to  allow  the  whole  of  the  water  of  the  above  section  to  pass  under 
the  bridge  at  its  natural  velocity ;  and  so  avoid  all  that  heading  up,  which  is  found  so 
destructive. 

6 .  The  %afaA  width  of  opening  would,  in  many  rivers,  be  inconveniently  great ;  we 
ue  therefore  obliged  to  run  some  risk,  by  confining  the  floods  to  narrower  bounds  : 
this  causes  a  heading  up  or  'afflux  ;*  and  in  proportion  to  the  perpendicular  height  of 
this  afflux,  so  will  the  velocity  be. 

6.  Table  IIL  shows  that  sand  is  moved  by  the  smallest  velocities,  even  so  little  as 
6  inches  per  second,  or  about  one-third  of  a  mile  per  hour ;  therefore  the  beds  of  our 
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riven  mnrt  be  ooniiniiAUy  moying,  and  the  qaesiioii  becomes,   '  to  what  depth  does 
this  movement  extend  under  certain  velocities  of  current  ?  * 

7.  Experience  alone  Lb  our  guide  in  replying  to  the  above  question  ;  but  I  regret  to 
say  that  until  veiy  lately,  little  ot  no  attention  has  been  paid  to  the  subject.  From 
certain  data,  I  calculate  the  flood  mentioned  at  par.  22,  Section  vii.,  to  have  been 
about  11  feet  per  second  ;  and  as  the  effect  of  this  velocity  was  to  scoop  out  the  sand 
to  a  depth  of  25^  feet,  it  is  plain  that  any  velocity  approaching  to  11'  per  second  must 
not  be  risked,  under  ordinary  circumstances  :  I  consider  a  velocity  of  5  or  6  feet  per 
second  to  be  dangerous  to  bridges  whose  foundations  do  not  rest  on  firm  soil,  or 
which  are  not  carried  to  very  great  depths^  and  this  velocity  is  caused  by  an  afflux  or 
heading  up  of  only  6  inches. 

8.  The  above  may  appear  a  small  velocity  to  cause  so  much  damage.  Nature  has, 
however,  afforded  us  some  due  even  in  this  difficult  computation.  Captain  Sharp,  in 
boring  the  bed  of  the  Jumna  at  Agra,  came  upon  broken  bricks  at  a  depth  of  23  feet ; 
and  this  can  only  be  accounted  for  by  supposing,  that  the  bed  has  been  disturbed  to 
that  depth  by  the  natural  current  of  the  river.  Captain  Sharp  roughly  estimates  the 
surface  velocity  of  the  Jumna  at  Agra  to  be  8  feet  per  second  at  high  floods  :  but  from 
certain  data,  I  do  not  calculate  the  mean  velocity  to  be  more  Hhan  5|  or  6  feet  per 
second,  and  this  velocity  is  caused  by  the  confinement  of  the  flood  between  two  bold 
banks  only  1300  feet  apart.  The  velocity  of  the  greatest  flood  at  Delhi  is,  probably, 
much  less  than  6'  per  second. 

9.  In  Table  No.  II.  is  given  the  amount  of  afliux  caused  by  obstructions  in  the 
river's  course,  and  in  Table  No.  IV.  the  velocities  due  to  those  affluxes.  If,  there- 
fore, the  section  of  the  river  and  its  velocities  can  be  accurately  measured,  the  amount 
of  waterway  in  the  bridge,  so  as  not  to  cause  a  greater  velocity  than  5  feet,  nor  a 
greater  afflux  than  5  inches,  can  be  at  once  taken  from  those  Tables. 

10.  I  have  said  that  very  few  architects  ever  have  the  opportunity  of  seeing  the 
river  in  question  at  its  floods  ;  it  may  then  be  asked,  how  can  the  velocity  and  dis- 
charge be  ascertained  ? 

11.  Determine  by  inquiry  the  height  of  the' highest  flood  ever  known  ;  and  correct 
the  information,  if  possible,  by  flood -marks. 

12.  Take  an  accurate  section  of  the  river's  bed  perpendicularly  to  the  course  at  the 
site  of  the  proposed  bridge ;  and  calculate  the  area  contained  between  the  highest 
flood-line  and  the  bed.  Do  the  same  at  points  1  mile  above  and  1  mile  below  the  pro- 
posed site  of  the  bridge. 

13.  Measure  the  length  of  the  undulating  line  of  the  river's  bed  (in  each  cross 
section),  and  divide  the  area  by  this  length  ;  the  quotient  will  be  what  is  called  the 
*  hydraulic  mean  depth,*  which  will  be  found  to  vary  very  slightly  from  the  common 
mean  depth,  in  most  Indian  rivers. 

14.  Add  together  the  three  mean  depths  so  found,  and  divide  by  three ;  the 
quotient  irill  be  the  mean  of  the  three  *  hydraulic  mean  depths '  to  be  used  in  the 
calculations  :  write  it  in  inches. 

15.  Ascertain  by  means  of  a  levelling  instrument  the  difference  of  level  between 
the  upper  and  lower  section ;  that  is,  the  amount  of  slope  in  the  river's  bed  for  2 
miles  ;  and  write  it  down  in  inches. 

16.  Multiply  the  hydraulic  mean  depth  in  inches  by  the  difference  of  level  just 
found  (also  in  inches),  and  take  the  square  root  of  the  product,  which  will  be  the 
surface  velocity  of  the  current  per  second,  in  inches.  Nine-tenths  of  the  surface 
velocity  may  be  taken  as  the  *  mean  velocity.* 

17.  Knowing  the  area  of  the  section  (the  mean  of  the  three  areas  should  be  used), 
we  can  by  reference  to  the  Table  No.  II.  ascertain  the  afflux  which  will  be  caused 
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by  damming  ap  one-third  or  one-fonrth,  &o.  of  the  nataral  aret,  or  waterwmy, 
thofl  : 


100'  lOO'  100'  100' 


The  area  of   this   section  is   4600,  and  if  the  length  measure  710  f^et,   then 

1—!=  6'iS  feet,  ^e  hydraolio  mean  depth, 
710 

18.  Let  us  suppose  that  the  two  other  mean  depths  were  6*8  feet  and   6*1, 

6-8  t  6-1  -H  6-48 
then  o     '  ^  6*46,  which  is  the  working  hydraulic  mean  depth  ;  and  in 

inches  it  will  be  77-52. 

19.  Say  that  the  difference  of  level  between  the  upper  and  lower  sections  la  SO 

uwbjs^;    then,  V  77*52  x  30  =  48*2  inches,    which  Lb  the  surface  velocity,  and 

9 
48*2  >^iQ—  4S'3S  inches,  or  3*6  feet,  the  mean  velocity  in  feet  per  second. 

$20.  Say  that  we  had  proposed  to  have  a  bridge  of  three  arches,  each  of  50  feet 
span,  springing  at  a  height  of  9  feet  above  the  bed  of  the  river,  then  8x50x9»135O 
represents  the  area  of  the  waterway ;  and  this  is  between  two  and  three-tenths  of 
the  whole  mean  area  of  sections ;  therefore  the  obstruction  will  be  equal  to  7  or 
8-tenths, 

21.  Now  enter  Table  No.  II.  with  the  velocity  of  4  feet,  which  is  nearest  to  3*6, 
and  run  the  finger  along  until  you  come  under  the  column  7^10th8,  and  you  will  find 
the  afilux  to  be  3*^755  feet ;  and  in  the  next  or  8-lOths  it  is  marked  as  7 '775  feet ; 
take  the  mean,  and  call  the  afflux  5*5  feet,  and  on  referring  to  Table  No.  lY.  you  will 
find  the  corresponding  velocity  to  be  between  17  and  19  fe^t  per  second ;  which  would 
tear  up  all  but  rock. 

22.  To  find  the  waterway  corresponding  to  the  safe  afflux  6t  6  inches  (see  par.  9), 

enter  table  No.  II.  with  velocity  4  feet  per  second  (the  assumed  velocity  of  the  river 

before  meeting  with  obstruction),  and  opposite  to  it,  the  afflux  5  inches  ('4166  feet) 

would  be  between  the  third  and  fourth  column,  showing  it  to  be  due  to  an  obstruo- 

tion  of  between  8-lOths  and  4-lOths  of  the  sectional  area  :  the  waterway,  therefore, 

must  be  equal  to  6-lOths  of  that  area  :  and  if  the  spring  of  the  arches  be  9  feet, 

4600       6 

~~Q-~  X  Tj^  =306  is  the  length  in  feet  of  the  waterway  required.     If  arches  of  50  feet 

span  be  preferred,  there  must  be  six  of  them  instead  of  three. 

23.  I  have  shown  the  general  principle  for  ascertaining  the  proper  opening  for 
a  bridge,  but  as  all  hydraulic  formula  have  been  computed  for  rivers  of  tolerable 
regularity  of  section,  the  application  of  the  above  principles  to  our  Indian  riven  will 
require  modification.     Suppose  a  river  to  have  the  following  section — 

IOC  eoc  200'      4  ewy 

— I  — 1 


CI 


C 


the  area  of  the  whole  is  15,800  square  feet,  the  hydraulic  mean  depth  is  10*5,  or  126 
inches.  Suppose  also  the  fall  in  2  miles  to  be  10  inches,  then  Vl26  x  10  =  36"  or 
3  feet ;  and  16800  x  3  =  47400  is  the  discharge  in  cubic  feet  per  second,  according 
to  the  general  rule. 
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24.  But  if  we  take  the  section  in  two  parts,  Tix.  ▲  b  o  d  d  as  one,  and  the  triangle 
B  D  (2  as  the  other,  and  calculate  them  separatelj^  we  shall  find  a  considerable 
difference  between  this  result  and  that  of  our  first  computation,  thus  : 

25.  The  area  a  b  o  n  d  =  15200  square  feet ;  the  hydraulic  mean  depth  is  16*6 

feet  or  199-2  inches  :  then  ^/]Wxlio=  44*62  inches,  or  4  feet  nearly  ;  and  16200 
X  4  =  60,800  cubic  feet  per  second  as  the  discharge  for  this  one  portion  alone. 

26.  The  triangular  portion  has  an  area  of  600  square  feet ;  thj&  hydraulic  mean 

depth  is  1  foot  dr  12  inches  ;  then  V  12  x  10  =  inches,  nearly,  the  superficial 
Telocity  :  and  600  x  }^  =  550  cubic  feet,  the  discharge  per  second  :  therefore 
550  +  60800  =61850  is  the  discharge,  instead  of  47400,  as  in  the  first  computation. 

2*1,  I  have  adopted  the  superficial  Telocities  in  these  illnitratibns,  biit  iH  practice 
the  mean  velocities  should  be  used. 

28.  The  architect  mtist  use  his  discretion  in  calculating  different  rivers.  Some 
may  be  taken  by  the  first  rule ;  others  may  require  three  or  more  separate  computa* 
tions  or  divisions.  The  calculations  belong  to  plain  arithmetic,  and  with  this  view  I 
have  selected  the  folrmuIiB  of  Dr.  Bytelwein,  a  Gennan  philosopher,  ih  pre^rence  to 
those  by  the  French  Academicians,  which  are  rather  abstruse^  and  are  not,  I  think, 
one  jot  more  accurate  when  applied  to  open  rivers.  Persons  desirous  of  studying  the 
subject  more  deeply  would  do  well  t6  consult  the  *  Encydopsedia  BHtannica,'  or 
Robinson's   *  Mechanical  Philosophy.' 

BEOtlOH  tX. — akKE&AL  <)B8SBTATIOlr0. 

Position  of  a  Bridge.  Site, — ^The  general  situation  of  a  bridge  will  be  determined 
by  the  line  of  road  which  it  is  intended  to  carry,  but  its  exact  site  should  be  selected, 
as  much  as  possible,  in  conformity  with  the  following  views  : 

1.  Bold  banks  are  to  be  preferred  with  Indian  riveri,  as  involving  lees  expense  in 
the  matter  of  causewiLy  approaches,  and  as  rendering  the  direction  of  the  stream  more 
certain. 

2.  The  middle  of  a  straight  reach  (with  regard  to  flood-stream)  should  be  selected  ; 
as,  in  bends  of  a  river,  one  bank  is  under  continual  erosion  ;  therefore  the  abutment 
on  that  bank  would  be  in  danger  of  being  turned  by  the  current. 

Number  of  Arches. — As  a  general  principle,  it  is  better  to  make  few  arches  of  large 
span  than  many  arches  of  small  span,  as  involving  less  trouble  in  the  foundations,  and 
as  affording  freer  passage  for  floods.  Thas  a  river  is  more  obstructed  by  two  arches  of 
25  feet  each  than  by  one  arch  of  50  feet  span. 

Ornament. — Solidity  and  durability  should  on  no  account  be  sacrificed  to  appear- 
ances. Thus,  when  brickwork  is  used,  the  parapets  should  be  formed  f  plain 
panelled  masonry,  in  preference  to  balusters  of  pottery. 

The  arch  itself  should  always  be  indicated  or  relieved  in  some  manner,  otherwise  the 
opening  will  look  like  a  hole  cut  in  a  wall.  In  brickwork,  this  may  be  done  by  pro- 
jecting the  arch  face  4"  or  6"  beyond  the  surface  of  the  rest  of  the  masonry,  when  it 
may  be  chiselled  into  youssoirs  or  into  fillets. 

Pillars  or  pilasters,  with  entablatures,  have  been  exploded  by  good  taste. 
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TARLB  I. 
DaSji  Projpvm  and  CotI  in  unilmiuting  the  Bl<iek  Poiadniiom  of  the  Inilrtt  Siupauion  Bridge,  ei 
CiiplaiH  W.  £.  Baler,  Superlnlemlenl,  CanaU  meM  ofJamna. 
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TatalMBtofnn1cing4a1>n(inaitbloeki,  No*.  1,  2,  3,  4  (12' 3"  k  10'  0'  ■  4  =  iq.  ft.  490)  ->  Co.'*n.  lUl 

Ditto  4  flank  bl.>clu,  5,  G,  7,  8  (U"  0"  >:     S' 0^  ><  4  =  iq.  ft.  3S4)  -        „  StJ 

In  mlmtmaDt  blocks,  490  square  feet,  ia  W  '<125  dujB,  coat  1431  1  3  :  llicrcrure  100  iq.  ft.  in  1  daj  CMt       !  1 

Id  flank blooks,  384  Rqaare  fvet,  in  00-6875  ilaja.  roat  SiiS  8  7  :  tbcrcfure  100  aq.  ft.  in  1  Amj  cort        .       i 

Apia,  490  iqure  feet  (1431  13)::  100,  cvat  302J,  oearl;,  for  sinking  33  r^et,  or  885  p«r  fl,  in  doptb. 

„      884  square  feeHSGS  S  7)  ::  100,  cost  320-17,  nBsrlj,  for  sinking  31  twi,  or  7-3  per  fl.  in  depth. 

NJI. — In  eonsidenng  tbis  TaMr,  it  niuKt  Ic  remembered  that  Ibe  IjiKt  fen  fMt  in  depth  are  snatl;  nimi 

thi  BTCiage,  on  account  of  Uie  wnrk  being  carried  into  the  more  solid  ilraton  or  footing  oonna ;  thod 

appljiof  the  Table  to  greater  depUis,  the  last  few  feet  should  be  ressrred  m  an  after-»ddition  to  tlw  qaotia 
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TABLE  II. 
Amount  of  Obstruction  compared  vnth  the  inrtucU  Section  of  the  River. 


TS^Ti 
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^^ 
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Volouit, 
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u, 
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0& 

• 

• 

Proportional  Rise  of  the  River,  in  feet 

1 

•0157 

•0377 

•0697 

•1192 

•2012 

•3521 

•6780 

1-6094 

6-6389 

\  Ordinary 

2 

•0-277 

•0665 

•1231 

•2108 

•8548 

•6208 

M955 

2^8878 

11-7058 

r     floods. 

8 

•0477 

•1144 

•2118 

•8618 

•6107 

1-0687 

2-0580 

4^8850 

20-1504 

f 

4 

•0760 

•1822 

•3372 

•5759 

' ^9719 

1-7008 

3-2755 

77750 

32*0720 

J 

5 

•1165 

-2793 

•5168 

•8782 

1-4895 

2-6066 

5-0202 

11-9160 

491535 

)    Violent 

6 

•1558 

•3736 

•6912 

M807 

1^9925 

34868 

6-7154 

15-9398 

667518 

>    floods. 
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•2078 

•4983 

•9221 

1-5750 

2-6578 

4-6511 

8-9578 

21-2626 

87^7080 

1 
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•2578 

•6423 

M884 

2  0299 

3-4255 

5-9947 

11-5454 

27-4042 

113-0422 

)  Unnsnally 

9 

•3359 

•8054 

1-4903 

2-5566 

4-2956 

7-5172 

14-4777 

34-3646 

141-7541 

f   Tiolent 

10 

•4119 

•9877 

1-8726 

31218 

5-2680 

9-2190 

17-7557 

42-1440 

173  8440 

)     floods. 

ExAMPLV. — The  breadth  of  the  Thames  is  926  feet.  The  snm  of  the  waterways, 
old  London  Bridge,  was  236  feet.  The  amount  of  obstruction,  therefore^  was  aboat 
•75  of  the  entire  section  ;  so  that  a  velocity  of  3|  feet  per  second  would  give  a  £Etll  of 
nearly  4  *75  feet,  agreeing  with  the  actual  result. 


TABLE  m. 


Tahte  of  ^eets  of  Munninff  Water  on  Soitst 


Velooicies. 

• 
fi£focti. 

IncheB 
second. 

Miles  per 
hour. 

3 

6 

8 

12 

24 

86 

0-170 
0  340 
0-454 
0-683 
1-363 
2-046 

Will  work  upon  fine  potter's  clay, 

Will  Uft  fine  sand. 

Will  lift  sand,  coarse  as  linseed. 

Will  sweep  along  fine  gravel. 

Will  roll  rounded  pebbles  1"  in  diameter. 

Sweeps  angular  stones  the  sise  of  an  egg. 

N.B. — The  velocity  at  the  bottom  must  be  found  for  comparison  with  this  Table. 
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PART   III. — PERMANENT    BRIDGES.* 

BXCTIOR  L — STOHS  BHIDOKB. 

Ever  since  the  constraction  and  propertiei  of  the  arch  began  to  be  nndentood, 
■tone  haa  been  the  material  in  most  general  use  for  bridges  of  any  size  and  importance. 

The  fall  or  semicircular  arch  was  the  one  formerly  most  common  ;  but  now  that 
it  is  considered  desirable  to  lessen  the  ascent  of  the  roadway  of  a  bridge,  the  flat 
segmental,  the  elliptical,  and  the  oval  are  usoally  employed.  Of  these,  the  latter  is 
the  form  which  admits  of  the  greatest  waterway  with  the  same  span  and  rise.  It  is 
formed  of  several  arcs  of  circles,  usually  about  five,  of  which  the  curve  at  the  springing 
lines  should  be  less  than  that  of  the  ellipse,  and  the  radius  of  the  aro  at  the  crown 
should  not  be  more  than  one  and  a  half  times  the  span. 

The  form  of  the  arch  or  arches,  and  the  number  of  piers  having  been  decided  on, 
the  work  is  commenced  by  excavating  for  the  piers  and  abutments,  till  a  solid  foun- 
dation is  obtained  either  on  the  rock  or  hard  gravel ;  or  should  the  soft  earth  descend 
to  any  depth,  it  will  be  necessary  to  drive  piles  and  spike  planking  upon  them,  or 
else  to  fill  in  the  whole  space  with  concrete  :  sometimes  both  piling  and  concrete  are 
employed.  The  ordinary  mode  of  laying  the  foundations  of  the  piers  is  by  means  of 
a  coffer-dam  enclosing  the  whole  space  of  the  footings,  but  it  is  sometimes  accom- 
plished by  sinking  caissons  or  frames  filled  with  stone  or  brick  ;  and  of  late  the  diving- 
bell  has  been  often  used. 

Each  abutment  has  to  bear  the  weight  of  half  an  arch  with  its  roadway,  and  in 
addition  must  be  sufficiently  strong  to  counteract  the  horizontal  thrust,  which  may, 
however,  be  almost  entirely  avoided  by  commencing  the  radiating  or  skew-back 
courses  from  the  very  foundation,  the  rock  being  cut  something  in  the  form  of  the 
m  1.  fig.  1.  skew  back  of  an  ordinary  arch.  This  method  is  followed  in  the  bridge  of  the  Bialto 
at  Venice,  and  the  Groevenor  Bridge  over  the  Dee  at  Chester.  When  this  is  done 
where  the  soil  is  such  as  to  require  piling,  the  piles  should  be  driven  in  a  direction 
perpendicular  to  the  lowest  radiating  course,  the  thrust  from  which  would  otherwise 
be  apt  to  force  them  in  a  lateral  direction  through  the  yielding  earth  around  them. 
Driving  the  piles  thus  would  undoubtedly  be  at  first  difficult,  and  consequently 
expensive,  but  it  has  been  done,  and  may  be  made  an  easy  operation  by  having  a 
machine  for  the  purpose. 

Abutments  are  usually  formed  with  counterforts,  and  when  extending  any  distance 
they  often  have  land  arches  constructed  in  them,  to  lessen  the  quantity  of  material. 
On  railways  these  side  arches  are  very  useful  as  giving  the  means  of  viewing  the  line 
for  some  distance  in  advance. 

In  large  arches  the  abutments  and  piers  should  be  entirely  faced  with  out  stone. 
The  filling  in  or  backing  should  be  of  large  rubble,  carefully  laid  and  well  grouted  at 
every  two  or  three  courses.  The  upper  courses  should  be  of  large  blocks  of  cut 
stone,  well  cramped  and  bonded.  All  cramps  in  stonework  of  importance  should  be 
of  copper,  as  iron  corrodes  and  becomes  loose.  If  the  abutments  extend  &r  into  the 
stream,  the  waterway  should  be  gradually  lessened  by  means  of  water-wings  built  out 
in  a  curved  form  from  the  bank  to  the  back  of  the  abutment. 

Each  pier  has  to  support  the  weight  of  two  semi-arches,  but  no  horizontal  thrust, 
which  is  counteracted  or  destroyed  by  the  two  opposing  arches.  The  least  thickness 
of  a  pier  at  top  must  of  course  be  twice  the  depth  of  the  voussoirs  at  the  springing 
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line,  but  in  pnrtice  thej  are  geoenllj  mode  much  thicker,  to  allow  for  ardinBiT  vosr 
from  the  waves,  bad  woikmaoibip,  nnil  other  cwnaltiea.  Tha  fgiuidalioDS  of  Uw 
piers  are  formed  in  ofbeta,  on  which  the  feet  of  the  centres  are  sappoitcd  whiia  tlie 
archea  are  beiag  built  Tbo  piers  anJ  atarliags  generally  hare  either  a  rectilinear  or 
cnrred  batter.  The  latter  project  about  hair  the  thickness  of  the  pier,  and  bic  oaniai] 
np  to  ths  highest  watcr-litifl,  and  finished  above  with  a  single  atone  or  saddle- backed 
eOIUDg,  called  a  '  hood.'  The;  are  hoilt  of  the  same  materials  aa  the  piera,  of  which 
the;  are  aimply  eoDtioastions,  either  in  a  triangular  or  pantbolio  form,  to  IWBen  the 
teckwatcT  and  psrmit  the  atream  to  pass  through  more  freelf . 

-;;.,  When  tbe  ndiating  conrses   are   not  earned  down  U>    tb« 

1  foondalioni  of  the  abatmenta,  and  at  all  times  in  tha  pien^  it 
J  to  funn  the  skew  backs  of  blocks  of  ttODs  ent  mm 
in  the  annexed  figure,  and  well  cramped  to  the  other  work,  to 
pitrent  their  slipping. 

When  ths  Engineer  has  arrired  at  this  point,  he  may  proceed  with  the  arek  or 
krebea,  banng  first  arranged  his  centres,  which  should  be  constmcted  during  the 
bailding  at  tbe  piers.  This  is  not  the  plaoe  to  give  a  lengthened  description  of  the 
diflerent  fonus  of  centre  in  use,  bat  it  will  be  well  to  offer  a  few  remarks  on  the 
nbjeet.  Bonw  Bngineen  give  the  centre  a  slight  increase  in  riae  over  the  intended 
arch,  in  order  that  a  settlement  may  not  cause  the  crown  of  the  arch  to  sink  below 
ths  terel  originally  intended.  In  building  the  bridge  over  the  Dora  Riparia  at  Tnrin, 
Mosea  mads  tbe  riss  of  his  arch  130146  feet,  and  that  of  the  centre  ISBDIS  feet, 
ths  span  being  I17*fl  feet ;  and  on  the  completion  of  the  work,  the  soffit  of  the  key 
Itone  was  only  2J  inches  aboTs  ths  intended  height.  Tbe  centre  used  for  Cheater 
Bridge  consisted  of  fbnr  distinct  sele  of  radiating  stmts  supported  on  trestle^  the 
wedges  being  carried  on  the  outer  rim  in  soch  a  manner  aa  to  admit  of  easing  the 
difierent  parte  of  the  arch  aa  required,  to  pre'ent  undoe  settlement.  This  limn  baa 
ths  dindnotage  of  ohstmeting  the  opening  between  the  pten  in  riven  much  navi- 
fated.  In  centres  of  the  oidinary  forms,  with  the  double  wedges  placed  under  each 
rib,  the  moat  serious  conaeqnencea  have  reaalted  from  the  men  boiag  obliged  to  go 
«ndemeath  to  esse  tfaearch ;  bat  this  may  be  avoided  by  making  the  wedges  nm  the 
whole  length  from  one  onter  rib  to  the  other,  so  that  they  may  be  eased  by  men  ob 
each  aide  without  danger.  For  a  bridge  of  three  arches,  two  centres  are  required  ;  and 
for  one  of  five  arches,  thieo  centres. 

The  planes  of  the  arch-stone  jointa  must  be  perpendicular  to  the  curve  of  the  aoffit. 
Tbe  stones  are  laid  in  strught  lines  from  one  face  of  the  arch  to  the  other,  bounded 
by  parallel  lines  eallad  '  bed  joints  ;'  the  lino  of  stones  being  called  a  '  conrae  *  or 
'string-eonrse.'  The  jointa  in  the  transverse  direction  are  called  'cross-jointa,' and 
are  not  contjuned  thronghout,  bat  break  joint  in  the  adjacent  string-coarse,  to  prevent 
lateral  disruption.     Tarioua  modes  have  been  adapted  with  the  view  of  preventing 
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the  Yonasoin  slipping  on  one  another.  Old  arches  hare  been  found  of  the  annexed 
forms,  and  in  fig.  4  (Blackfriars  Bridge)  the  Tonssoirs  are  nnited  by  means  of  joggles 
consisting  of  a  enbic  foot  of  hard  stone,  let  half-way  into  each  joints  The  mortar 
should  be  thin  and  well  tempered,  and  when  the  stones  are  all  laid,  the  joints  at  the 
back  should  be  examined,  and,  if  open,  filled  with  pieces  of  slate  and  grouted. 

To  prevent  the  joints  opening  or  the  stones  cracking  on  removing  the  centre  of  the 
Chester  Bridge,  the  course  above  the  springers  was  laid  on  a  wedge  of  lead  1^  inch 
thick  on  the  face,  running  to  nothing  at  the  end  of  the  bed,  and  thin  strips  of  lead 
were  introduced  in  all  the  joints,  over  about  two-thirds  of  the  soffit,  to  where  the 
pressure  was  supposed  to  change  to  the  back  of  the  arch -stones.  "In  setthsg  the  key- 
stones, three  thin  slips  of  lead  were,  hung  down  on  each  of  the  stones  between  which 
they  were  to  be  inserted,  and  the  key-stone,  being  smeared  with  a  thin  putty  of  white 
lead  and  oil,  was  driven  down  with  a  small  pile  engine.**  Thus  the  whole  bridge 
settled  without  any  derangement  or  injury,  the  soft  and  yielding  nature  of  the  lead 
causing  the  pressure  to  spread  equally  over  the  surface  of  the  joints.  Sometimes  the 
edges  of  the  voussoirs  are  bevelled  o£f  a  little  to  prevent  chipping. 

The  key-stone  is  generally  from  24  to  4  feet  in  depth,  and  the  arrangement  of  the 
remainder  of  the  voussoirs  made  to  conduce  to  the  general  eflfect ;  thus,  when  the  whole 
facing  of  the  bridge  is  of  cut  stone,  the  top  joints  of  the  voussoirs  are  usually  formed 
in  steps  eorresxMuding  with  the  horizontal  joints  of  the  backing ;  and  when  the 
spandril  fiuungs  are  of  rubble  or  brick,  the  voussoirs  are  generally  made  of  equal  or 
alternate  depths. 

The  spandrils  should  be  built  of  hammered  stone  or  the  best  rubble.  They  are 
usually  raised  to  about  one-fourth  of  the  rise  above  the  piers,  and  in  some  bridges  are 
constructed  of  cut  stone,  the  lower  courses  being  horiiontal,  and  the  top  forming  an 
inverted  arch.  The  capping  of  arches  should  be  of  flags  laid  with  the  bond  well 
formed,  or  else  of  ooncrete^  to  prevent  water  soaking  through,  and  should  be  laid  so 
as  to  form  gutters  over  the  piers,  where  the  water  from  the  roadway  is  received  and 
carried  off  by  iron  pipes  through  the  piers  into  the  river  above  low -water  mark. 

The  head-walls  are  usually  faced  with  cut  stone  filled  in  between  with  rubble  or 
small  arches  to  support  the  roadway ;  earth  was  formerly  used,  but  requires  a  much 
greater  thickness  of  walL 

A  cornice  is  placed  immediately  on  a  level  with  the  top  of  the  key-stone  as  a 
coping,  to  protect  the  fiboing  from  rain ;  its  form  must  be  plain  or  moulded,  according 
to  the  sise  or  style  of  the  bridge.  It  should  be  formed  of  large  single  blocks  of  stone, 
and  the  joint  between  it  and  the  foot  of  the  parapet  should  be  above  the  level  of  the 
footpath,  to  avoid  the  wet  settling  in  it. 

The  parapet  or  balustrade  should  be  about  4  feet  high,  and  made  to  conform  to  the 
general  architectural  effect  of  the  bridge,  the  exterior  finish  of  which  must  depend  mainly 
on  its  position,  but  should,  as  a  general  rule,  have  a  strong  solid  appearance.  This  ap- 
pearance is  very  much  diminished  by  making  a  bridge  perfectly  flat,  and  it  has  been  con- 
sidered by  many  eminent  Engineers  that  1  in  24  is  a  very  good  ascent  for  the  roadway. 

The  approaches  must  be  so  formed  as  to  make  the  bridge  safe  and  easy  of  access. 
When  the  roadway  is  but  little  raised  above  the  natural  ground,  it  is  enough  to  carry 
out  the  head-walls  a  little  way  into  the  bank,  and  face  the  embankment  with  dry 
stone  or  sod- work ;  but  when  .there  is  more  than  one  approach,  and  the  road  is  much 
raised,  the  access  must  be  widened,  and  wing  walls  built  out  from  the  bridge  to 
support  the  embankment.  These  wing  walls  are  either  formed  by  prolonging  the 
head-walls  in  a  curve  outwards  to  the  edge  of  the  embankment,  or  building  a  straight 
wall  forming  an  angle  with  the  head-wall.  In  both  cases  the  wall  and  parapet  are 
continued  down  to  the  foot  of  the  embankment,  either  in  a  slope  or  in  steps. 
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Fig.  1,  Plate  [I.  Fig*  1|  Plate  II.,  is  a  longitadixial  flection  of  pari  of  Waterloo  Bridge^  ilioiriDg  tbe 
eenteriog.  t  represents  the  Yooflsoirs ,  p,  the  parapet ;  i,  inverted  arch  OTer  th« 
■pandril  ooarsei ;  B,  the  walls  of  brickwork  on  which  the  flags  (q)  are  lupportedy 
carrying  the  roadway  material :  a  a  are  the  striking-plates  of  the  centre ;  6,  the 
easing  wedge ;  c  e,  stmts ;  8  s,  stirmps  or  suspenders  in  pairs ;  1 1,  cast-iron  auckets 
to  receive  the  ends  of  the  struts ;  p  p,  main  props  resting  on  the  feet  of  the  piers. 

Fig.  i.  In  fig.  2,  8  is  the  starliog,  and  h,  the  hood  or  oap  ;  n,  the  spandril.     This  figure  is 

a  longitadinal  section  of  the  bridge  of  Neuilly. 

Fig.  8.  Fig.  3  is  a  section  through  the  crown  of  the  arch. 

flSCTIOR  II. — BRICK  BRinOES. 

Many  of  the  old  brides  were  built  of  brick,  but  it  is  now  generally  cdnfined  to 
those  of  small  span,  as  canal  and  railway  bridges.  The  same  general  obeertations 
apply  to  these  as  to  stone  bridges.  The  most  simple  mode  of  forming  the  An^  ia  to 
lay  the  bricks  in  half-brick  rings,  with  the  joints  very  close  on  the  under  side,  taking 
advantage  of  the  difference  of  their  dimensions  to  prevent  two  joints  eoming  abore 
one  another.  In  this  case  two  or  three  rings  are  carried  on  together.  Another  way 
is  to  lay  two  or  three  rings  of  brick  on  end  ;  but  this  method  is  vtery  wekk,  the  onlj 
key  being  formed  by  mortar  or  cement. 

The  utmost  caution  should  be  observed  not  to  lay  a  single  brick  until  it  has  been 
well  saturated  with  water,  as  it  will  otherwise  deposit  a  coat  of  sand  on  the  cement^ 
and  soon  become  detached  from  it. 

In  a  circular  segmental  arch,  it  is  well  to  mark  the  centre  by  battens  carrying  a 
small  fixed  pulley,  round  which  a  line  is  passed  for  the  purpose  of  Uybg  the  outside 
bricks  of  each  course  at  their  true  angle. 

Plate  in.  fig.  1.       The  mode  of  laying  the  bricks  in  half-brick  rings  is  thought  by  many  to  be  Terj 

c^  biMk.         weak  from  having  nO  bond  between  the  soffit  and  back  of  the  arch  ;  and  hence  the 

^  k^*  following  has  been  recommended  as  the  means  bf  giving  strength  and  bond  both  ways. 

The  arck  should  be  divided  in  portions  by  joints  running  through  to  the  back,  the 

bricks  being  Idid  alternately  in  shells  and  in  blocks,  with  the  joihts  running  through. 

If  the  arch  be  not  more  than  8  feet  thick,  the  thicknete  may  be  divided  into  two 
equal  shells  laid  in  rings,  and  the  thorough  blocks  should  not  be  more  than  three  or 
four  bricks  thick  on  the  curve  of  the  soffit,  with  the  bricks  laid  on  end.  The  bricks 
forming  the  key  reqmre  to  be  laid  with  great  cdre.  The  soffit  course  may  be  formed 
of  a  thickness  of  three  bricks  laid  on  end,  the  next  of  five,  and  so  on,  forming  con- 
tinuous joints. 

In  all  brick  arches  it  is  well  to  lay  the  second  course  above  the  soffit  of  the  key  in 
thin  mortar  or  grout,  and  to  wedge  with  pieces  of  slate.  The  grout  may  be  used  by 
dividing  the  length  of  the  course  into  several  compartments  by  bricks  laid  in  mortar, 
and  then  pouring  in  the  liquid,  which  should  also  be  poured  over  the  whole  of  the 
arch  and  abutments. 

Plata  III.  fig.  2.  A  number  of  different  drawings  of  railway  bridges  are  given  in  vol.  viii.  of  the 
Professional  Papers,  in  one  of  which  (Plate  XXIX.  fig.  5)  the  abutments  are  built  in 
the  form  of  large  skew  backs,  somewhat  similar  to  those  of  the  Chester  Bridge, 
described  in  the  section  on  stone  bridges,  and  partly  supported  by  piles  driven 
obliquely,  as  recommended  in  the  same  section.  This  bridge  is  of  brick,  with  stone 
foundations  and  facing.     A  section  of  the  abutment  is  shown  in  Plate  III.  fig.  2. 

Hg.  S.  The  arches  on  which  the  Blackwall  Railway  is  supported,  and  which  appear  to 

bear  a  large  amount  of  traffic  without  injury,  are  circular  segments  of  80  feet  span 
and  10  feet  rise,  and  are  composed  of  five  half- brick  rings,  with  piers  3  feet  6  inches 
thick.     The  width  of  the  arches  is  26  feet. 
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Bridges  are  often  constmcted  of  brick  with  stone  skew  backs,  Tonssoin,  string- 
courses, and  copings.  Sometimes  the  parapets  are  formed  of  wooden  posts  and  rails, 
instead  of  solid  material ;  and  in  this  case  they  are  built  out  on  corbels  heyond  the 
face  of  the  bridge,  thereby  saving  1  or  2  feet  thickness  of  masonry,  and  gaining  that 
additional  space  for  the  roadway.  Iron  rails  appear  better  adapted  to  the  purpose, 
and  are  sometimes  used.  They  may  be  made,  at  a  trifling  expense,  to  conduce  very 
much  to  the  ornamental  appearance  of  the  bridge. 

It  often  happens,  oyer  or  under  railroads  and  canals,  that  a  bridge  cannot  be  built 
at  right  angles  to  the  stream  or  road  under  it.  Bridges  of  this  form  are  called 
oblique  or  skew  bridges,  the  bricks  being  laid  diagonally  instead  of  perpendicular  to 
the  faces.  (Fhitelll.  fig.  4.) 

On  the  London  and  North  Western  BAilway,  a  bridge  is  built  over  the  road  at  aa 
angle  of  82  ",  The  arch  is  21  feet  span  on  the  square,  or  at  right  angles  to  the  road 
beneath  it,  and  89*627  on  the  face.  The  acute  angle  of  the  voussoirs  is  cut  off  at 
right  angles  to  the  &ce,  and  the  cutting  is  gradually  diminished  to  the  opposite  or 
obtuse  quoin,  whei»  it  vanishes,  leaving  no  angle  less  than  a  right  angle  on  the  surfisKie 
of  the  work. 

On  the  Midland  Counties  Railway  a  bridge  is  built  with  parallel  ribs  of  brickwork, 
about  4  feet  broad  on  the  square,  elliptical,  and  42  feet  6  inches  span,  with  a  rise  of 
11  feet.  The  plan  of  the  abutment  thus  presents  a  series  of  steps,  from,  which  the 
ribs  spring.  This  construction,  however,  in  cases  of  great  obliquity,  requires  either 
very  thick  arches  or  narrow  ribs  of  brickwork,  unless  spandrils  are  introduced  to  fill 
up  the  spaces  between  the  Bo^i  of  one  rib  and  the  extrados  of  another.  Thus  extra 
expense  is  incurred. 

Sometimes,  in  oblique  arches,  the  central  part  is  built  as  a  square  arch,  springing 
at  right  angles  from  the  abutments,  and  the  ends  left  at  the  acute  angle  on  either  side 
are  filled  in  with  courses,  the  beds  of  which  are  worked  as  for  part  of  a  true  elliptio 
arch. 

The  following  Table  comprises  brick  bridges  with  wooden  parapets. 

TABLE  A. 
Brich  Bridges  over  Cuttings ;  80  feet  wide  clear  "between  railings ;  arches  80  fed 

span,  1  foot  6  ijiches  thick. 


Depth  of  Cutting,  or 
Height  Of  Bridge. 

Excavation. 

Concrete. 

Brickwork. 

Stonework. 

Woodwork, 

feet. 
14 
80 
60 

cubic  yards. 
98 
112 
915 

cubic  yards. 
60 
100 
180 

cubic  yards. 
330 
530 
1730 

cubic  feet. 
402 
465 
924 

cubic  feet 
42 
124 
280 

The  following  Table  shows  the  difference  in  quantity  of  material  required  for 
bridges  in  embankments  and  in  cuttings. 

TABLE  B. 
JBrick  Bridges  in  Emhanhments;  width  and  span  as  before;  thickness  of  arch  1  foot 

10|  inches. 


Height  of  E  n  ibonkment 
or  Bridge. 

Excavation. 

Concrete. 

Brickwork, 

Stonework. 

feet. 
19 
80 
50 

cubic  yards. 
158 
278 
314 

cubic  yards. 
80 
140 
157 

cubic  3rards. 
405 
545 
2290 

cubic  feet 
478 
895 
682 
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The  great  qnantity  of  stone  in  the  19'feet  bridge  was  required  for  coping  to  wing 
walls,  which  the  other  bridges  have  not  got.  A  tunnel  bridge,  with  an  arch  2  feet 
8  inches  thick,  in  a  40-'feet  embankment  (slopes  1^  to  1),  contains  295  yards  of 
excavation,  148  yards  of  concrete,  751  yards  of  brickwork,  and  658  feet  of  stone- 
work. 

The  following  is  an  abstract  taken  from  designs  of  oblique  bridges. 


TABLE  C. 

Brick  Bridges  in  Etnbcmhnentif  at  various  Angles  of  Obliquity.    Dimensions  as  m 

Table  B. 


nate  m.  figs.  4 
to  7. 


Height  of  Embankment 
or  Bridge. 

Angle  of 
Obliquity. 

Brickwork. 

1 
Stonework.  1 

feet. 

o 

cubic  yards. 

cubic  feet. 

80 

80 

1122 

414 

•  •  • 

60 

1198 

860 

40 

80 

2000 

766 

•  •  • 

60 

2394 

792 

•  •  • 

40 

2598 

1017 

•  •  • 

80 

8386 

1227 

50 

80 

2348 

727 

■  •  • 

60 

2616 

1184 

Most  of  these  arches  are  semicircular,  and  the  piers  are,  when  practicable,  lightened 
by  arches  in  the  width  of  the  bridge. 

Figures  4  to  7,  Plate  III.,  show  an  oblique  bridge  of  small  width.  Fig.  5  is  a  half- 
section  ;  fig.  4  is  a  half  elevation  ;  fig.  6  a  plan  above  the  foundations ;  and  fig.  7  is  a 
half-section  taken  on  the  square. 

A  bridge  over  a  cutting  may  be  built  without  a  centre  :  one  was  built  thus  on  the 
Birmingham  and  Gloucester  Railway.  The  abutments  being  built  up  to  the  height  of 
the  springing,  the  earth  was  cut  away  to  the  form  of  the  arch  ;  seven  rows  of  pegs 
were  then  inserted,  showmg  the  proper  curve ;  a  line  of  3-inch  planks  was  laid  across, 
and  on  them  were  laid  battens  on  edge,  gauged  to  the  exact  profile  ;  the  earth  was 
consolidated,  and  a  batten  flooring  laid  over  it.  This  bridge  was  constructed  of  small 
pieces  of  limestone. 


SEOnON  ni. — WOODKN  BRIIXOES. 

Wood  was  undoubtedly  the  first  material  ever  used  in  the  construction  of  bridges, 
the  most  ancient  of  which  consisted  simply  of  a  rough  log  or  tree  thrown  across  a 
narrow  stream  or  chasm.  After  a  time  these  logs  were  squared,  and  either  laid  from 
one  side  to  the  other,  or,  where  the  width  was  greater,  supporte<l  on  some  kind  of  trestle. 
This  afterwards  gave  place  to  timbers  or  girders  trussed  in  various  ways.  In  the 
present  day  wood  is  chiefiy  used  where  it  is  very  plentiful,  and  economy  is  the  main 
object,  as  is  generally  the  case  in  the  United  States  of  America. 

The  modes  of  constructing  wooden  bridges  are  extremely  varied.  One  of  the  worst 
is  that  in  which  the  timbers  are  short,  and  abutting  against  one  another  in  the  form 
of  a  curb  or  Mansard  roof ;  and  the  best  are  constructed  of  curved  ribs  of  different 
forms  according  to  the  span. 
latoY.  figs.  4,  ff.  For  small  si>ans  of  less  than  40  feet,  with  a  rise  of  Jth,  the  ribs  may  be  formed  by 
taking  five  or  six  pieces  of  S-inch  plank,  9  inches  deep,  abutting  against  each  other, 
with  other  pieces,  12  inches  deep,  crossing  the  joints  of  the  first,  and  keyed  to  them 
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with  wooden  keys.  Two  of  these  ribs  with  joists  across  will  support  an  ordinary 
roadway. 
fcte  IV.  figs.  8,  For  arches  of  200  feet  span,  the  ribs  shonld  consist  of  pieces  of  scantling  bent  to 
the  proper  curve  by  steaming  or  otherwise.  In  figs.  8,  4,  6,  the  arch  is  composed  of 
four  ribs,  each  18  inches  thick  and  4  feet  deep,  having  two  thicknesses  in  width  and 
three  or  four  in  depth,  according  to  the  size  of  the  scantling  to  be  obtained.  The 
joints  are  well  scarfed,  bolted,  and  keyed  ;  and  the  vertical  supporting  pieces  are 
notched  on  to  the  ribs  in  pairs,  bolted  together  like  suspenders,  and  placed  from  15  to 
18  feet  apart. 

A  cross  tie  is  bolted  to  each  side  of  the  vertical  pieces,  and  notched  on  to  the  ribs, 
both  on  the  upper  and  under  side. 

Between  the  timbers  carrying  the  roadway  joists,  diagonal  braces  should  be  framed 
to  prevent  lateral  motion. 

In  stormy  positions,  or  where  very  heavy  loads  are  likely  to  pass,  braces  may  also 
be  framed  with  advantage  here  and  there  over  the  back  of  the  ribs,  which  should  not 
be  more  than  8  feet  apart, 
tte  IV.  figs.  1,  For  a  still  larger  span,  from  250  to  400  feet,  it  is  best  to  construct  frames  each 
consisting  of  two  ribs  curved  as  in  the  last  example.  Radial  pieces  are  notched  on  to 
the  ribs  like  the  vertical  pieces  in  the  last,  and  between  these  are  crosses  halved 
together  in  the  middle,  and  abutting  end  to  end  between  the  radials. 

The  vertical  roadway  supports  are  connected  with  the  radials,  and  at  ▲  B  horizontal 
ties  are  notched  and  bolted  to  them  to  stiffen  the  work ;  for  the  same  purpose 
diagonal  braces  may  be  applied  on  the  horizontal  cross  ties  and  also  between  the 
roadway  bearers,  and  other  braces  may  be  framed  in  a  few  places  between  the  rib- 
frames,  as  shown  by  dotted  lines. 

To  form  the  roadway,  joists  are  laid  across  the  bearers,  and  covered  with  3  or 
4-inch  plank,  and  on  this  gravel  is  laid,  either  by  itself  or  paved  with  blocks  of  stone. 
It  should  be  about  18  inches  thick  in  the  middle,  and  14  at  the  sides  of  the  road,  and 
means  must  be  adopted  for  carrying  off  the  wet. 

As,  however,  the  wet  will  soak  through  the  paving  or  gravel,  and  iigure  tho 
planking,  some  have  only  used  a  wooden  roadway,  laying  a  second  tier  of  plank 
crossing  the  former  one.  This  might,  however,  be  avoided  by  covering  the  plank  with 
some  kind  of  asphalt,  impervious  to  the  rain. 

If  practicable,  stone  should  be  used  for  the  abutments  and  piers ;  but  if  wood  is 
preferred,  the  best  mode  is  to  drive  piles  about  2  feet  apart  in  the  direction  of  the 
current,  and  to  strengthen  them  by  diagonal  braces.  When  the  water  is  deep,  the 
piles  should  be  cut  just  below  low-water  mark,  and  posts  mortioed  into  th^m  and 
secured  by  bolts  and  straps.  The  latter  method  has  this  advantage,  that  thus  the 
part  below  water,  which  does  not  decay  so  quickly,  is  separated  from  the  upper  part, 
which,  being  alternately  wet  and  dry,  is  very  perishable,  and  requires  frequent  repairs, 
and  can  by  this  arrangement  be  easily  renewed. 

Tredgold  gives  the  following  rules.  To  find  the  thickness  of  abutment  necessary  to 
resist  the  thrust  of  a  timber  arch,  ~  take  h  =  height  of  abutment ;  tc  =  weight  of  a 
square  foot  of  the  arch ;  s  =  half  the  span;  andR  =  the  rise;  then, 


=  the  thickness  required. 


120  A 


This  is  about  one-fourth  more  than  is  absolutely  necessary  to  resist  the  thrust,  in 
addition  to  the  weight  of  that  part  of  the  abutment  above  the  springing. 
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To  ealonlate  tbe  scantling  of  the  arch-ribs,  put  v  «  width  of  bridge  ;  «  »  half  the 
span ;  B  =  the  rise ;  and  n  =  the  number  of  ribs ;  then 

IT  X  «" 


Bn 


X  0*0011  »  the  area  of  the  rib  in  feet  when  gravelled. 


When  only  planked,  take  0*0007  for  a  multiplier  instead  of  0*0011.     This  will  be 
enough  to  bear  the  weight  of  the  roadway  alone,  but  ^th  more  should  be  added,  to 
allow  for  the  additional  strain  oocasioned  by  the  passage  of  heavy  waggons  or  other 
causes. 
The  rise  of  a  wooden  arch  must  not  be  less  than  that  giyen  by  the  equation 

._         =  the  rise ; 

2  V^P^^ 

where  «  =  half  the  span,  and  h  =  the  height  of  a  column  producing  the  same  pressure 
on  its  base^  as  the  greatest  pressure  that  ought  to  be  on  the  framing. 

The  following  Table  gives  the  least  rise  which  may  be  given  to  different  spans.  A 
■mall  rise  requires  a  greater  amount  of  material  to  giro  the  same  strength  as  a 
greater  rise. 


Span. 

Rise. 

SpAXL 

1 
Rise. 

SpazL 

Rise. 

SO 

0*6 

120 

7 

280 

24 

40 

0*8 

140 

8 

800 

28 

50 

1-4 

160 

10 

820 

32 

60 

2 

180 

11 

850 

89 

70 

2-5 

200 

12 

880 

47 

80 

8 

220 

14 

400 

58 

90 

4 

240 

17 

100 

5 

260 

20 

1 

Plato  y.flff.l. 

Bnroended 

voaowiij. 


The  settlement  of  wooden  arches  is  given  by  Wiebeking  as  ^ ;  that  is,  a  bridge  of 
144  feet  span  and  1  foot  rise  will  become  horizontal,  and  consequently  for  a  final 
asoent  of  ^  it  must  be  framed  to  ^. 
VlatoV.ll«B.S,8.      Figs.  2,  8,  Plate  Y.,  show  some  of  the  modes  of  supporting  wooden  bridges,  where 
the  timbers  are  short  and  piers  form  no  obstacle  to  the  navigation. 

Kg.  9  shows  the  form  of  a  wooden  pier. 

Pig.  1  is  a  form  frequently  adopted  in  America  for  bridges  of  great  extent  and  with 
low  abutments.  The  width  of  the  bridge  is  divided  by  arches  rising  above  the 
roadway,  and  to  these  are  suspended  verticals,  either  of  wood  or  iron,  which  support 
the  sleepers  or  girders  on  which  the  roadway  ii  carried  :  the  ends  of  the  arcs  are 
usually  notched  into  the  girders.  Stevenson  describes  one  of  these  bridges  over  the 
Susquehanna  at  Columbia.  "  It  consists  of  twenty-nine  arches  of  200  feet  span ; 
supported  on  two  abutments  and  twenty-eight  piers  of  masonry.  The  waterway  is 
5800  feet,  and  the  whole  length,  including  abutments  and  piers,  about  1^  mile.  It 
is  supported  by  three  wooden  arcs,  forming  a  double  roadway.  There  are  also  two 
footpaths,  making  the  whole  breadth  80  feet.  The  arcs  are  formed  of  two  pieces, 
each  7  inches  wide  by  14  deep,  placed  9  inches  apart ;  the  beams  by  which  the  roadway 
is  suspended  being  placed  between  them,  and  fixed  by  iron  bolts  passing  through 
the  whole.** 

There  is  another  kind  of  wooden  arch  employed  in  Prussia,  composed  of  a  beam 
with  three  or  five  saw-ker&,  by  means  of  which  it  is  bent  to  the  required  curve. 
The  mode  of  bending  is  described  by  Colonel  Nelson  in  voL  iii.  of  Plrofessional  Papers, 
as  follows.     '*  In  this  figure  only  three  kerfr  are  shown ;  it  is  more  usual  and  adrisable 
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to  hftTe  tn.  The  wntra  kerf  ii  first  out,  resehbg  from  the  bntt  atoDg  *tha  or  |ths  of 
ths  length  ;  the  uw  ii  then  returned  iia  euh  nde  to  complete  the  other  two  kerfe, 
which  rtop  s(  2  or  3  feet  ibart  of  the  butk  When  fire  kerfe  rue  nuule,  the  last  two 
cemnenee  at  l  and  end  at  a. 

"  The  beun  thoa  prepared  I*  laid  on  the  horiiontBl  frame  A  B  a,  la  the  position  1 1. 

"  A  ■  0  ia  a  finme  of  roDgh  ipitra,  haired  into  eaeh  other,  and  firml;  picketed  or 
otherwiae  fixed  at  the  angles  ;  ■  i',  an;  contenient  nDmber  of  smaller  span  radiating 
from  B,  aod  haired  into  or  otherwiee  gecnred  to  a  o  and  D  »;  e  e' e' c"' ele»t«  gpilted 
down  at  points  giring  Uie  intended  eurre. 

"In  bending  the  beam,  the  Gict  thing  to  be  done  is  to  fix  iJie  bntt  Terjfirmljat  o, 
hj  means  of  pickets,  doable  cleats  e  e,  lashing,  Jte.  Any  coDTenient  powet,  snch  as 
crab,  block  and  tackle,  &c,  ii  then  applied  in  a  direction  about  parallel  to  a^  ■  i  the 
rope  or  ehain  is  fixed  to  R,  ud  the  beam  ia  Tory  gradoall;  pnlled  down  to  the  eleata 
</,  c",  e",  in  mcoeBdon.  As  soon  as  the  desired  cnrre  is  obtained,  the  deal  i  on  B  o  ia 
spiked  down,  and  the  beam  tashed  to  the  principal  spars  of  the  frame.  The  mortise  I 
I*  next  cnt,  and  a  tongue  of  wood  harder  tiian  the  beam  is  driren  in.  Liatif,  tbe 
beam  is  hooped,  at  interrala  of  perhaps  2  feet,  with  iron  collars,  each  closed  with 
wetew  and  nat,  or  with  bolt  and  riret.  In  ordinar;  cases  these  hoops  ahgnld  be  of, 
say  2  in.   x  ^  or  |-inch  flat  inm. 

"The  beam  thni  hooped  and  mortised  at  I  (which  is  an  important  part  of  the 
process)  maj  be  taken  from  the  frame  at  once,  without  an;  fear  of  its  altering  its  form. 

"  The  cleats  </  c"  c"  can  bs  fixed  permanentl;  to  the  span  i,  and  these  last  placed 
and  seeored  according  to  circnToslansea.  N.B.  The  natural  tapering  of  the  wood  is 
alwaje  preaerTcd,  aqnaied  as  baulk." 

Fig.  10  shows  the  form  of  Lore's  trussed  girder,  which  mt,j  be  applied  to  bridges, 
and  a  modifimtion  of  which,  eonatmeted  of  iron,  might  be  adTantageouel;  employed 
for  the  road  beareia  of  snspenmon  bridges,  as  recommended  by  the  writor  in  the 
■eetlon  on  those  structures. 

There  ia  etill  another  kind  of  bridge  much  osed  in  Amsrica,  via.  Town's  patent 
lattioe,  coniiiting  of  a  series  of  bnces,  indined  at  rather  more  than  4S°,  with  others 
crossing  at  Ibe  same  angte,  with  a  horiiontal  ipring-piece  bolted  on  each  side  at  top 
and  bottom.  The  whole  of  the  bolta  ate  made  of  hard  wood.  The  height  of  the 
tm«»  U  nsually  ^th  or  ^th  of  the  span.     The  roadway  may  be  wther  at  top  or 
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Plate  y.  tgn.  11,      Figt.  11,  12,  sfaiow  the  fonn  of  an  ice-breaker  to  be  naed  in  riyera  lubject  to  floating 
^  ioe  :  it  should  be  moored  a  short  distanoe  above  the  bridge,  with  the  sharp  point  up 

■tream. 

SKOTlOir  IT. — IRON  BRIDOSa. 

The  principles  of  the  construction  of  iron  bridges  are  in  many  respects  similar  to 
those  of  wooden  ones ;  that  is,  they  are  composed  of  seyeral  ribs  kept  in  position  and 
■trengthened  by  distanoe  pieces,  diagonal  braces,  &c  ;  and  on  these  ribs  are  placed 
spandril  standards  supporting  the  roadway  bearers. 

In  small  arches  the  spandril  standards  and  the  ribs  may  be  cast  together. 

In  some  cases  the  ribs  have  been  formed  by  crossing  the  joints  of  short  plates  of 
different  widths,  like  the  planks  in  wooden  arches  of  small  span ;  bat  usually  the 
INirts  of  the  rib  abut  end  to  end,  and  are  conneoied  by  flanges  bolted  firmly  together. 

The  ends  of  the  ribs  are  fij^ed  to  abutment  plates  bedded  in  the  masonry  skew  backs. 

The  abutments  and  piers  may  be  either  constructed  entirely  of  masonry,  or  else  of 
masoniy  as  high  as  the  springing,  and  iron  above.  The  masonry  of  the  piers  might 
be  entirely  dispensed  with,  and  iron  piles  substituted,  if  some  means  were  found  by 
which  they  pould  be  rendered  incorrodible,  which  object  may  perhaps  be  attained  by 
the  process  of  galvanism,  as  lately  applied  to  that  purpose.  Iron  baa,  however,  this 
disadvantage,  that  if  one  of  the  piles  were  struck  by  a  heavy  body,  it  would  probably 
break  and  cause  grea|  danger  to  the  superttmcture. 
PlalssYLlpyn,  Plates  VL  and  YII.  represent  the  bridge  erected  by  Telford  over  the  Severn  at 
Tewkesbury. 

The  arch  is  170  feet  span,  17  feet  rise,  and  the  roadway  24  feet  in  the  dear, 
between  the  rail  skirtings, 

The  foundations  of  the  abutments  are  supported  on  piles  with  sills  spiked  down 
to  them,  and  the  interior  spaces  filled  in  with  rubble  stone  well  rammed  and  grouted. 
From  the  springlng-course  up  to  the  roadway,  the  structure  consists  of  six  arches 
with  piers  and  pilasters, — the  piers  of  masonry,  the  pilasters  of  iron. 

The  great  arch  is  composed  of  six  ribs  laid  at  equal  distances  and  placed  on  etrong 
abutment  plates,  firmly  bedded  in  masonry.  These  are  secured  in  their  places  by 
gauge-pipes  and  connecting  wrought-iron  bolts,  covered  with  grated  plates  fiutened  by 
mortises  fitted  to  joggles  in  the  main  ribs,  and  by  screwed  flanges.  On  these  the 
spandril  standard  crosses  are  placed,  and  secured  by  gauge-pipes  and  cross  ties  in  the 
middle,  and  tenons  at  top  and  bottom.  On  the  top  of  these  are  the  road  bearers,  one 
over  each  rib,  and  on  them  the  road  plates  are  secured. 
Plate  VI.  Plate  YI.     Fig.  1  is  an  elevation  of  half  the  bridge. 

Fig.  2  is  a  plan  of  one  of  the  abutments. 

Fig.  8  is  a  plan  of  the  platform  of  the  abutment. 

Fig.  4  is  a  section  through  the  abutment  and  one  of  the  land  arches. 
Plate  VIL  Plate  YII.     Fig.  1  is  an  elevation  of  the  main  rib^  showing  the  spandril  crosses  and 

skirting,  railing,  &c. 

Fig.  2  is  a  plate  for  connectmg  the  main  ribs. 

Fig.  8  shows  the  mode  of  connecting  the  pieces  of  the  main  ribs  together.  The 
rib  flanges  are  4  inches  deep. 

Fig.  4  is  a  section  of  one  of  the  spandril  crosses,  taken  at  the  middle.  They  are 
connected  by  wrought-iron  bolts,  and  kept  apart  by  gauge-pipes. 

Fig.  5  shows  one  of  the  main  balusters. 

Fig.  6  is  a  section  of  the  hand-ralL 

Fig.  7  shows  the  skirting. 

Fig.  8  shows  the  road  plates,  {  inch  thick,  with  flanges  8  inches  high  inside. 
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Fig.  9  is  a  section  of  the  diagonal  braces,  6^  inches  square  in  the  middle,  4  inches 
at  the  ends. 

Fig.  10  shows  the  manner  of  connecting  the  road  bearers  with  the  abutments. 
They  are  in  four  lengths  on  each  side  of  the  crown. 

Fig.  11  giyes  a  plan  and  section  of  the  springing-plate. 

Fig.  12  shows  the  form  of  the  plates  for  connecting  the  top  of  the  mt^in  ribs. 
Flanges  stand  np  three  inches  inside. 

Fig.  18  shows  a  cast  iron  column. 

The  bridge  erected  on  the  Midland  Counties  Railway,  oyer  the  Trent,  near  Sawley, 
is  remarkable  for  its  simplicity  and  the  small  number  of  its  component  parts. 

It  consists  of  three  arches  of  100  feet  span,  10  feet  rise,  and  SO  feet  width.  The 
piers  are  of  masonry  up  to  the  springing,  with  iron  standards  above. 

There  are  six  ribs  laid  at  equal  distances,  with  diagoiial  braces  and  distanoe-piecet 
between,  bolted  to  fillets  on  the  sides  of  the  ribs.  Each  rib  is  cast  in  three  pieces, 
comprehending  the  spandril  standards  and  roadway  bearers :  a  platform  of  half-baulkt 
is  laid  on  the  bearers,  with  longitudinal  pieces  of  oak  for  the  raila.  The  iron 
st^dards  are  connected  to  the  ribs  by  lap-joints  with  screw-bolts. 

The  piers  are  14  feet  thick  at  bottom  and  10  feet  at  top. 

The  abutments  are  12  feet  thick,  backed  by  a  land  arch,  and  the  wing  walls  are 
about  S  feet  9  inches  thick  on  an  average,  and  extend  64  feet. 


SEOnOH  T. — DRAWBRXZHilS,    INOLUDIVa  BABCULS,    SWIYBL,    BOLLIB,    ABD 

OTHBBB. 

The  object  of  every  kind  of  drawbridge  is  to  obtain  a  firm  and  secure  means  of 
communication  across  a  river,  canal,  or  ditch,  with  the  moans  of  cutting  off  that  com- 
munication when  necessary, — for  the  purpose  usually,  in  the  two  former  instances^ 
of  permitting  the  passage  of  vessels  of  too  great  size  to  go  under, — and  in  the  latter 
case,  to  prevent  an  enemy  crossing  the  ditch  and  gaining  an  entrance  into  the  place 
fortified. 

They  are  generally  of  three  kinds,   vis.  the  Bascule,  Balance  or  Lifting ;   the 
Turning  or  Swivel ;  and  the  Roller  Bridge. 
Mole  or  The  Balance  Bridge, — This  is  the  old  form  of  drawbridge,  as  found  in  most  of  the 

ancient  castles  and  fortifications,  in  many  of  which  it  is  simply  a  platform  turning  on 
a  pivot  or  hinge  in  the  escarp  wall,  and  raised  by  means  of  chains  attached  to  the  end 
of  the  bridge  and  passing  over  pulleys  above  the  entrance. 

When  across  a  canal  or  river,  the  bridge  is  usually  composed  of  two  leaves  meeting, 
in  the  middle  when  down,  each  of  which  turns  vertically  on  a  horizontal  pivot  fixed  in 
the  masonry  or  timber  at  the  sides,  a  well-hole  being  sunk  for  the  purpose  of  allowing 
the  descent  of  the  counterpoise  attached  to  the  tail  of  the  bridge. 

The  following  description  is  from  the  Ist  volume  of  the  *  Transactions  of  the  Institu- 
tion of  Civil  Engineers  : ' 
AbYUI.tg.4.  ''The  bridge  consists  of  eight  cast-iron  ribs,  9  inches  deep  at  the  centre  or  meeting 
by  H  inch  thick  in  the  plain  part,  and  2  or  3  at  the  edges,  connected  together  by  two 
sets  of  crosses  to  each  leaf,  the  lowest  close  to  the  abutment,  by  hollow  pipes  and  bolts 
nearer  the  middle,  and  by  the  meeting  plates,  which  fit  together  with  a  tongue  and 
groove.  When  the  bridge  is  down,  the  under  side  or  soffit  of  the  ribs  forms  an  arch 
of  86  feet  6  inches  span  and  8  feet  6  inches  rise,  resting  on  cast-iron  abutment  plates 
fixed  in  the  masonry  at  the  sides.  From  near  the  axis  the  ribs  curve  down  below  the 
fixed  part  of  the  bridge,  and  terminate  in  boxes  of  Kentlidge  by  way  of  counterpoisei 
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each  box  being  attached  to  two  ribs.  The  axis  on  wbicb  the  bridge  turns  is  9  inches 
sqnare,  with  fine  tamed  bearings  working  in  plum mcr-blocks  bedded  in  the  stonework, 
the  centre  being  $  feet  8  inches  from  the  side  of  the  lock.  The  fixed  part  of  the 
bridge  is  supported  bj  iron  joists  resting  on  the  division  walls  of  the  pits  for  the 
counterpoise. — The  bridge  is  lifted  by  four  crabs,  two  on  each  side ;  the  handle  is 
applied  to  a  6-ineh  pinion,  working  iilto  a  spur-wheel  4  feet  diameter,  having  on  its 
axis  a  12-inch  pinion,  working  into  a  toothed  segment,  5  feet  9  inches  radius,  fixed  to 
the  outer  ribs  of  the  bridge."  To  render  the  bridge  nearly  on  an  equipoise  in  all 
positions,  two  diains  are  hdoked  on  to  the  tail,  and  these,  passing  over  two  pulleys  in 
the  wall,  are  attached  to  a  chain  of  heavy  flexible  links  hanging  into  the  bridge-pit. 
f  f  When  the  bridge  is  up,  this  chain  tends  by  its  weight  to  draw  it  down,  and  as  the 
bridge  descends,  the  chain  faUs  on  the  bottom,  forming  a  variable  counterpoise.  In 
f«ising  the  bridge,  the  reverse  of  this  is  the  case.  The  bridge  is  about  100  tons  in 
irisight,  and  one  leaf  is  usually  opened  or  shut  by  three  men  in  half  a  minute,  but  two 
can  do  it. — In  comparing  the  balance  with  the  swivel  bridge,  it  may  be  observed  that 
the  former  wHl  work  longer  without  adjustment,  and  bears  more  firmly  on  its  abut- 
ments, but  is  more  affected  by  the  wind,  costs  more  at  the  outset,  and  requires  double 
the  number  of  men  to  work  it.'* 
Bwhrd  or  The  iwiyel  or  turning  bridge  may  also  be  formed  in  either  one  or  two  leaves.     Each 

^*™^*  UfS  turns  horizontally  on  a  pivot  firmly  fixed  in  the  bank,  oh  which  it  rests  when 

open.  Boilers  are  inserted  beneath  the  end  of  the  bridge,  to  make  it  move  more  freely. 
The  following  is  also  from  the  Ist  volume  of  the  '  Transactions  of  the  Institution  of 
Civil  Engineer^  : ' 

"Over  this  look  is  a  swivel  bridge  12  feet  8  inches  wide  ;  it  is  81  feet  9  inches 
|ong,  and  composed  of  two  parts,  which,  meeting  in  the  middle,  form  a  ses^ment  of  a 
drde.  The  bridge  consists  of  six  cast-iron  ribs,  about  2  inches  thick  in  the  plain 
part  and  2|  inches  on  the  lower  edge,  connected  together  by  cast-iron  braces,  and 
planked  with  2|-inch  oak,  covered  with  1  J-inch  fir.  On  each  side  of  the  lock,  in  the 
■tone  eoping  of  a  large  brick  pier,  there  is  firmly  imbedded  a  cast-iron  circular  plate, 

11  feet  i  inches  diameter  by  6  inches  wide,  with  a  cross  and  pivot  in  the  centre,  also 
■eonrely  let  into  the  masonry^  and  working  in  a  socket  under  the  bridge,  with  twenty 
conical  rollers,  6  inches  wide,  by  lOf  inches  diameter  at  one  end,  and  9^  inches  at  the 
other,  fitted  in  a  frame,  and  revolving  between  the  circular  plate  above  mentioned  and 
another  similar  one  in  the  under  side  of  the  bridge.  The  ends  or  meeting  parts  of  the 
bridge  are  not  described  from  the  centre  pivot  or  axis  of  motion,  but  from  a  point  on 
one  side,  whereby  these  parts,  in  shutting  into  a  tongue  and  groove  joint,  do  not  come 
into  actual  contact  till  the  bridge  is  shut,  when  it  becomes  completely  fast,  being 
wedged  to  the  abutments  on  each  side  and  kept  in  place  by  two  keys  at  the  meeting. 
The  machinery  consists  of  two  8-inch  bevelled  pinions,  to  one  of  which  the  handle  is 
applied,  and  at  the  bottom  of  the  vertical  shaft  of  the  other  is  fixed  a  9-inch  pinion, 
working  into  a  spur-wheel,  4  feet  diameter,  on  the  axis  of  which  is  another  pinion, 

12  inches  diameter,  which  turns  the  bridge  by  means  of  a  toothed  segment  at  the 
outer  end.  One  man  can  open  or  shut  either  part  of  the  bridge  with  ease  in  half  a 
minute.** 

This  kind  of  bridge  is  well  adapted  for  positions  where  the  abutments  are  low  and 
there  is  a  large  horizontal  space  for  working  it.  It  does  not  appear  to  be  well  suited 
to  the  ditch  of  a  fortification,  for  that  reason. 
P/*^t*  Bridges.  Of  the  bridges  now  in  nse,  the  one  which  appears  best  adapted  to  its  object  is  the 
roller  bridge,  as  invented  by  Mr.  Le  Sueur,  of  Jersey.  These  bridges  are  withdrawn 
liy  means  of  a  pinion  working  in  a  rack  on  the  under  side  of  the  platform,  wit 
friction-rollen  to  render  the  work  easier. 
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Th4  following  is  f^m  the  4th  volama  of  Professional  Papers ! 

ito  VIII.  fig.  1.  «i  ThU  bridge  cost  £360.  Plate  VIII.  fig.  1  shows  a  plan  of  the  tinder  side  of  the 
bridge ;  a  a  are  oak  beams  12  inches  sqnu«;  under  these,  iron  rails,  b  b,  are  spiked, 
resting  on  rollers  g  g  on  the  edge  of  the  escarp  ;  d  is  a  rack  bolted  to  the  iron  bearers 
d  df  which  also  connect  the  whole  framing ;  ^  e  are  trucks  ;  and  //  are  friction- 
xbllers,  to  ease  the  motion  of  the  bridge.  The  hand-rail  moves  with  the  platfohn  over 
rollers  in  the  standards  p  p.  When  the  bridge  is  withdrawn,  the  brow  x,  which 
moves  on  hinges,  falls  down  over  the  opening  in  the  escarp. 

'*  Fig.  2  is  a  sectioa  through  the  ditch,  and  the  bridge  run  out. 
**Fig.  3  is  ao  end  view,  showing  the  working  machinery. 
^  '*Thc  width  of  the  ditch  is  17  feet  6  inches,  and  the  entire  length  of  th'd  hfidge 
82  feet  9  inches  ;  the  inner  part  being  14  feet  6  inches,  on  the  end  of  which  400  lbs. 
of  scrap  iron  are  bolted  as  a  counterpoise,  to  prevent  the  outer  part  from  sinking. 
The  width  of  the  bridge  is  9  feet  2  inches  dear,  and  it  is  covered  with  3-inch  oak 
^lank. 

'*  In  motihg  the  bridge,  tiie  pinion  7l  works  in  the  rack  «  ;  the  axis  of  this  pillion 
18  of  2|-inch  iron,  and  is  carried  into  one  of  the  bomb-proofs,  where  It  carries  a 
toothed  wheel  acted  on  by  another  pinion  to  which  the  handle  is  attached. 

'*  The  force  of  one  man  on  this  handle  is  enongh  to  move  the  bridge. 
.  '*  Itb  advantages  are,  that  it  does  not  obstmct  the  flanking  fire  of  the  pla^te,  and  its 
withdrawal  is  entirely  under  command  of  men  in  the  casemates.  Its  objections  are, 
the  length  of  time  required  to  withdraw  it,  and  the  necessity  for  a  level  space  in  rear, 
the  whole  length  of  the  bridge.  The  weight  of  the  whole  bridge  is  6  tons  15  cwt. 
8  qrs.  10  lbs.     The  whole  might  be  advantageously  made  of  cast  iroiL** 

lU  IJL  fig.  ].  There  are  two  other  kinds  of  drawbridges  which  have  been  adopts  in  Bermuda,  as 
described  in  the  9th  volume  of  Professional  Papers.  One  of  these  is  a  balance  bridge^ 
In  which,  however,  the  outer  end  is  lowered  instead  of  being  raised,  as  usual,  to  cut 
off  the  communication.  When,  up,  it  is  retained  in  its  place  by  a  long  iron  bolt^ 
which  would  necessarily  be  subject  to  an  immense  strain  during  the  passage  of  heavy 
weights,  and  consequently  these  bridges  should  only  be  used  for  foot  passengers  and 
o^er  light  traffic. 

The  other  kind  of  bridge  is  on  the  suspension  principle,  and  was  invented  by  the  late 
Colonel  Blanshard.  It  is  composed  of  several  leaves  joined  together,  and  is  supported 
by  two  chains  on  each  side,  passing  through  the  suspending  pieces,  to  which  the  leaves 

9'  2  and  3.  are  attached.  The  upper  chain  on  each  side  is  fastened  to  the  ground,  12  feet  from  the 
counterscarp,  passes  over  a  pillar  2  feet  high  and  1  foot  from  the  edge  of  the  counter- 
scarp, and  after  crossing  the  ditch,  is  carried  over  a  6-inch  sheave  on  the  side  of  the 
oi>ening  in  the  escarp,  on  a  level  with  the  top  of  the  counterscarp  pillar,  and  thence 
round  a  windlass  beneath  the  roadway,  and  23  feet  from  the  face  of  the  escarp.  The 
lower  chain  is  fastened  to  a  hook  in  the  face  of  the  counterscarp,  and  crossing  the 
ditch,  passes  over  a  sheave  below  the  other,  and  round  a  windlass  placed  20  feet  from 
the  escarp. 

In  the  3rd  volume  of  Professional  Papers,  page  189,  Colonel  Jebb  has  given  a 
description  of  a  drawbridge  particularly  applicable  when  it  is  necessary  that  the 
platform  should  be  withdrawn  to  one  side  instead  of  along  the  straight  line. 

SECTION   VI. — SUSPENSION  BRlDaKS. 

Various  opinions  have  been  entertained  as  to  the  form  best  adapted  for  the  objects 
of  a  suspension  bridge.  These  objects  are, — 1st.  The  obtaining  a  roadway  across  a 
river  in  a  position  where    t  is  necessary  to  allow  the  passage  of  vessels  beneath  it» 


73 


PASSAGE    OF    RIVERS. 


and  wbere  it  is  not  possible  to  form  piers  or  abutments  sufficiently  close  together  to 
allow  of  an  ordinaiy  arch  being  constructed.  2ndl7.  The  judicious  arrangement  of 
the  suspending  chains,  rods,  and  roadway  bearers,  to  affect  the  greatest  firmness  and 
rigidity  with  the  least  ezi)enditure  of  material. 

The  question  does  not  yet  appear  to  be  fully  settled,  but  the  preference,  in  theory 
at  least)  seems  to  be  giren  to  Dredgers  Taper  Chain*  The  following  are  the  heads 
under  which  the  different  forms  may  be  arranged. 

Firtt.  Those  in  which  the  plaiiking  of  the  roadway  (except  a  small  iKnrtion  near  the 
abutments)  rests  solely  on  the  main  suspending  chains,  as  in  Chinese  bridges  generally, 
and  some  in  South  America. 

Second,  Those  in  which  the  roadway  side  beams,  carrying  the  planking,  railing, 
Ace,  are  only  connected  with  the  mam  suspending  chains  by  rertical  rods,  as  in  the 
Menai  Bridge,  and  numerous  otiiers. 

Third*  Those  in  which  the  roadway  platform  is  entirely  supported  by  ropes,  chains, 
or  wires  proceeding  obliquely  from  the  top  of  the  abutments,  as  in  some  bridges  of 
rope,  canes,  or  bamboos,  in  Asia,  and  light  wire  bridges  in  Europe.  (A  light  rope 
bridge  of  this  description  may  be  seen  in  Hate  XIV.  under  the  head  of  'Field  Bridges,* 
in  ToL  L) 

Fourth.  Those  in  which  the  roadway  platform  is  partly  supported  by  ropes  or 
chains,  or  wires  proceeding  obliquely  from  the  top  of  the  abutments,  partly  by  rods 
descending  obliquely  from  the  main  chsins^  and  partly  by  the  main  suspending  chains 
themselTes;  which  last,  diminishing  in  weight  as  they  approach  the  middle  of  the 
span,  are  linked  to  the  central  portion  of  the  roadway  by  short  rods,  which,  being 
nearly  in  continuation  of  the  upper  parts  of  the  main  chains,  would,  if  strong  enough, 
support  that  part  of  the  roadway,  and  complete  the  curre,  rendering  the  central  link 
of  the  chain  nearly  unnecessary,  as  in  Dredgers  Bridge. 

In  this  case  it  is  necessary  that  the  central  portion  of  the  roadwsj  bearers  should 
be  made  strong  in  proportion  as  the  centre  link  b  e  (see  annexed  figure)  of  the  main 
^ain  is  weakened. 

FIg.«. 


In  all  suspension  bridges,  chains  are  carried  from  the  top  of  the  abutments  to  the 
rear,  and  called  back  chains.  There  is  one  of  these  to  each  of  the  bridge  chains, 
whether  they  carry  the  rods  on  each  side^  as  in  those  of  the  second  olas^  or  go 
directly  to  the  platform,  as  in  the  third  and  fourth  classes.  These  back  chains  art 
connected  with  links  secured  on  the  top  of  oast-iron  saddles  on  the  abutments  at  one 
end,  and  firmly  bolted  to  strong  girders  or  blocks  of  masonry  in  the  solid  ground  at 
the  other. 

In  the  case  before  us,  the  tension  on  the  centre  link  will  increase  in  an  inverse  ratio 
to  the  deflection  of  the  chain.  When  b  a  becomes  rertical,  there  is  no  tension  on  the 
roadway  a  d,  but  all  on  the  link  b  e,  and  the  tension  on  that  portion  of  roadway  will 
be  greatest  when  the  angle  b  ay  in  least ;  i.e,  when  b  o^  and  a d,  both  beoome  parts 
of  the  suspending  chain.  In  this  latter  case  strong  holdfiuts  are  neoessary  to  prevent 
the  roadway  bending  and  the  ends  of  the  side-beams  flying  out  from  the  abutmeniik 
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It  leems  best,  howeyer,  to  giro  the  centre  link  sufficient  strength  to  support  the 
roadway  in  case  of  fracture  of  the  side  beams,  which  should  also  be  made  of  great 
strength  in  the  centre,  to  give  rigidity  to  the  stmoture. 

For  this  purpose  it  might  be  advisable,  instead  of  adding  breadth  to  the  side  roadway 
bearers,  as  proposed  by  Major  Goodwyn  in  the  Bailee  Kh4l  Bridge,  to  give  them 
additional  depth,  as  in  the  annexed  figure,  and  to  increase  the  lateral  strength  of  the 
platform  by  means  of  diagonal  braces  between  the  bearers. 

Hg.  7. 
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The  form  of  bridge  described  under  the  third  head,  baring  the  road  bearers 
entirely  supported  by  chains  descending  from  the  piers  without  any  rods,  would  be 
Tery  good,  but  for  the  difficulty  of  equalising  the  tension  in  large  spans.  It  is^ 
howerer,  well  to  have  two  or  three  besides  the  main  chains  descending  ftom  the  piers 
direct,  the  chief  objection  to  Dredge's  Bridge  being,  that  he  carries  the  principle  of 
tapering  the  chains  too  &r,  without  rendering  his  side  bearers  strong  enough  to 
compensate. 

The  following  formuln  are  applicable  to  all  cases  of  suspension  bridges ;  the  middle 
link  being  supposed  horisontal,  and  the  number  of  links  2  n  <!- 1 . 


Fig.  8. 


In  the  abore  figure,  let  iPi  Vj if.  + 1  be  the  weights  of  the  links  from 

either  pier  to  the  centre ;  Si  S3 ....  S«  the  weights  of  the  suspending  rods ; 

Ti  T2 Tk  ^  1  the  tensions  of  the  links,  and  (1  ^3 t^  the  suspending 

rods. 

The  two  forces  Ti  and  Ti  support  the  weight  of  roadway  links  and  rods,  «■  w.  Then 
Ti  «=  J  w.  cosec  /5i . 

Also, 


T.+ 


«       sin  (/3, -/3a) 
sin  (a,— A,) 


■in  (»,  -  i9.) 


tn  +  }(tP|i  +  W,+  i  +  S,). 


eoB  ^ 


•»i»<3»-  A.  +  1) 


for  the  tensions  of  the  links. 
The  following  are  the  tensions  of  the  suspending  rods  : 

Sin  (Oj  -  ^a)     *       ■  '    *         ■  sin  (o^  -  0^) 


<•  = 


_sin(/3,  -Bn  +  i)    nn  (on-i  -  fin-~i)  f  ^ 
'•-sin(A.  +  »-A,)-sin(«.-/8.^0t'-'^*<^-»^^--'^->) 
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Plnte  X.  Plate  X.  represents  the  bridge  erected  by  Telford  over  the  Menai  Straits.     In  this 

ieuai  Bridge.  ^jj^j^  are  ifoor  chains  on  each  side,  one  above  the  other,  and  the  same  number  in  two 
lines  along  the  middle,  the  pathway  being  between.  The  rods  are  connected  al- 
ternately to  the  first  and  third,  and  the  second  and  fourth  chains.  They  are  placed 
5  feet  apart,  and  the  centre  Span  of  the  centre  arch  is,  I  think,  566  feet.  Some  yean 
ago  the  violent  action  of  a  storm  destroyed  part  of  the  roadway,  but  did  not  injure  the 
chains.     In  this  bridge  the  back  chains  support  half-bays  of  the  bridge. 

Fig.  1  is  an  elevation  of  half  the  bridge. 

Fig.  2  is  a  transverse  section  of  the  roadway,  after  the  alterations  executed  by 
Mr.  Provis,  in  consequence  of  the  damage  done  by  a  severe  storm  in  1839.  An 
additional  row  of  planks  was  placed  on  the  platform,  and  the  footpaths  were  dis- 
connected from  the  roadways,  in  order  that,  since  thorough  stiffness  could  not  be 
given  to  a  bridge  in  so  exposed  a  position,  the  undulations  occasioned  by  the  wind 
might  not  cause  the  transverse  bearers  to  break ;  and  for  the  same  reason  an 
additional  joint  was  formed  in  the  suspension  rods,  just  above  the  roadway.  It  is  con- 
sidered by  some,  that  it  is  a  great  advantage  to  have  a  strongly  trussed  side  railing  to 
auspension  bridges,  to  increase  their  stiffness  longitudinaUy.  The  section  of  the 
chains  gives  260  square  inches  of  iron. 
n«uXI.  Plate  XI.  represents  the  bridge  erected  by  Major  Ch)odwyn  over  the  Bailee  Eh&l, 

•near  Calcutta,  on  a  modification  of  the  principles  adopted  by  Mr.  Dredge,  the  chains 
not  being  so  much  tapered,  and  the  roadway  being  strengthened. 

Fig.  1  is  an  elevation  and  section,  showing  the  mode  of  securing  the  back  chains. 

Fig.  2  is  a  plan  of  the  chains  and  abutment. 

SEonoN  yn. — iron  tiibulab  b&idoxs. 

Some  notice  may  naturally  be  expected  of  the  wonderful  structures  which  were 
erected  shortly  before  and  after  the  first  edition  of  this  article  was  published,  vis., 
the  Britannia  and  Conway  Bridges  on  the  Chester  and  Holyhead  Railway,  and  the 
Albert  or  Saltash  Bridge  on  the  Cornwall  Line.  As  however  so  much  has  been 
already  written  about  them,  a  few  words  will  suffice. 

The  Britannia  Bridge  carries  the  Railway  across  the  Menai  Straits  from  the  county 
of  Carnarvon  to  the  Isle  of  Anglesea,  a  short  distance  to  the  south  of  Telford's  Suspen- 
rion  Bridge  already  noticed.  The  total  length  of  this  bridge  is  about  1841  feet. 
The  two  lines  of  rails  are  carried  separately,  each  inside  of  an  immense  iron  tube,  or 
rather  a  succession  of  tubes  placed  end  to  end  and  resUng  on  masonry  piers.  The 
tubes  are  26  feet  high  x  14  feet  6  inches  wide  on  the  outside  ;  and  22  feet  x  14  feet 
inside,  the  difference  in  the  depth  being  caused  by  a  row  of  small  tubes  or  cells, 
formed  along  the  top  and  bottom  of  the  main  tubes  and  strengthened  by  flanges  and 
angle  pieces.    On  these  cells  especially  depends  the  strength  of  the  tubes. 

The  span  of  each  of  the  two  centre  openings  is  nearly  460  feet,  and  of  the  shore  ends 
230  feet,  and  the  height  of  the  underside  of  the  tubes  above  high  water  more  than 
103  feet.  All  the  tubes — the  large  ones  being  each  472  feet  long  and  weighing  1600 
tons — were  raised  by  means  of  hydraulic  pressure,  a  very  small  space  at  a  time,  up 
grooves  previously  left  in  the  piers  and  built  up  solid  underneath  after  each  lift, 
before  the  pressure  was  removed  ;  so  as  to  prevent  risk  in  the  event  of  any  por- 
tion of  the  hydraulic  machinery  giving  way.  In  all  bridges  of  this  kind  it  is  neces- 
sary to  have  an  arrangement  of  rollers  at  each  end  of  the  tubes,  which  are  left  free, 
to  allow  of  their  expansion  or  contraction  without  ixgury  to  themselves  or  the  piers. 
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The  CoDira;  Bridge  ia  of  the  uin«  general  OMutnctJon,  but  eondata  of  011I7  one 
■pui  of  100  feet  elwr,  oub  lube  weigfaiag  1300  toni. 

Th«  Albert  Bridge  eroaMa  from  aear  St.  Bodeaux  00  the  DeTOiubire,  to  Saltaib  on  tbe 
CoTDwoU,  aide  of  the  Tamar,  near  ita  moatb  or  junction  with  the  Hamooie.  It  caniM 
oolf  one  line  of  rail  and,  anlike  the  Britannia  or  Caa'wmy,  is  open  at  the  top,  the 
■ides  being  farmed  vith  celts  as  in  the  LiTerpool  and  other  landing  piers,  &c  Tlie 
portion  from  the  high  gronnd  to  tbe  vater's  edge  ia  carried  on  a  nnmber  of  lallj 
matODTT  iners  at  moderate  iDterraU,  (he  part  on  the  Saltaah  mde  being  carred  roand  in 
a  direction  nearly  parallel  to  the  water  and  at  right  angles  to  tbe  preriuus  direotion 
of  the  bridge. 

The  part  actaallj  eroBsing  Uie  water  consists  of  two  spans  of  nearly  435  feet  each,  (he 
under-side  ol  tbe  tabes  being  100  feet  aboie  high  water.  Tbe  three  pieis  snpporUng 
these  long  tabes  are  carried  np  in  iron  abore  the  roadvaj,  to  a  sufficient  height  to 
BQpport  suspension  chains  of  tiie  ordinary  kind  to  which  (he  roadway  is  attached. 
There  are  not  any  backchains,  but  from  the  top  of  the  piers  spring  (wo  enormous 
ejliodrical  tubular  beams  bent  into  the  form  of  an  arch,  and  carrying  etrong  aus- 
pending  rods  braced  together  and  also  fastened  to  the  roadway. 

The  following  are  rongh  diagrams  of  the  Britannia  and  Albert  Bridges. 

BaiiAHRiA  Brisoe. 


The  fallowing  works  were  CDnlnlted  in  the  oompitatioo  of  theaboTe  paper,  via. — 
■Transactions  of  the  Inatitution  of  Giril  Engineers,'  'Tredgold's  (Carpentry,' 
'  Tbe  Prolesuonal  Papers  of  the  Corps  of  Royal  Engineers, '  ko. 

PENDULUM*  [Latind  pendnlum  (idl.  negotium),  tJiat  wbicb  hangs  down, 
dangles,  from  pendeo,  I  bang,]  in  Mechanics  denotes  any  body  ao  auapended  that  it  ia 
at  litiertj  to  Tibrate  or  swing  backwards  and  forwards,  about  a  horiiontal  axis  of 
anipension,  by  the  action  of  gravity. 

PeDdnluma  receiTe  different  denomiiutioru  according  to  the  mode  of  their  oanstmO' 
tion,  or  (he  purpose  which  they  are  intended  to  serTC. 

The  timide  pendulmu  is  a  mere  theoretical  abatnction,  in  whiob,  lor  the  purpose  of 


■  By  Mr.  Hnther,  Into  of  the  Boysl  Hllttair  Acsdamy,  Voolwlch. 
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more  readily  demonstrating  the  properties  of  this  important  machine,  it  is  aasmned 
that  the  whole  weight  of  the  suspended  body  is  concentrated  in  a  single  point ;  that 
the  cord  by  which  it  is  suspended  is  without  weight,  of  iuTariable  lengthy  and 
perfectly  free  from  rigidity ;  that  there  is  no  friction  at  the  axis  of  suspension,  and  no 
resistance  to  motion  opposed  by  the  atmosphere. 

Propeiiies  of  timple  penduluma  vibrating  in  cychidai  arct. 

It  is  a  known  property  of  the  cycloid,  that  its  evolute  is  a  cycloid  similar  and  equal 
to  the  former.  If,  th^n,  a  simple  pendulum  be  suspended  from  C,  the  point  of  con- 
currence of  two  equal  iuverted  sesii-cycloidal  cheeks,  by  a  string  of  the  proper  length, 
and  be  made  to  yibrate  between  them,  the  heavy  point  P  of  the  pendulum  will  describe 
an  arc  of  an  equal  and  similar  cycloid  DAE.  The  proper  length  of  the  suspending 
cord  is  twice  the  diameter  of  the  generating  circle.     P  then  representing  the  position 

of  the  heavy  point  at  any  time  t, 

let  AM  =«  ar,  MP  =.  y,  AP  = 

the    radius    of   the   generating 

circle  »  a,    and   the   length 

the  suspending  cord  »  I ;  then 

by  the  property  of   the  curve 

8—2  ^/  2  a  x;  and  therefore 

3*  =  8  (I  X  =  2Z  a:,  since  I  ==  i  a. 

But,  if  ^  be  the  angle  which 

the  tangent  at  P  makes  with  the 

d  X      i 
vertical,    cos^=  t-  ™-,i  *nd 

the  force  accelerating  the  body's 
motion  in  the  direction  of  the  curve  is  ^  cos  ^  —  ?  «.     The  equation  of  motion  there- 

^<>"  "»  j^  +  f  «  =  0,  whence  it  appears  that  «  =  A  cos  (<  a/|  +  C),  and  ll  = 

"■  ^  \/ 1  "^  ('  a/t  "*"  ^*  ^  '"^^  ^  \iem%  constants  depending  upon  the  given 

conditions  of  the  problem.     Let,  for  instance,   the  length  of  the  arc  from  the 
lowest  point  A  to  the  point  B,  from  which  the  heavy  point  begins  to  descend,  =  g 
and  let  the  time  be  reckoned  from  the  moment  when  a  descent  commences ;  then 

when  «  =  0,  «  =  «„  and  ~  =  t?  =  0  ;  and,  substituting  these  values  in  the  above 

equations,  it  appears  that  «  =  A  cos  C,  and  0  =  -  A  x/j  sin  C ;  and  hence  0  =»  0, 
and  A  =  «j,  and  therefore 

When  the  heavy  point  P  arrives  at  A,  «=  0,  and  therefore 

CO.*  ^f  =  0,  aad«  ^?-l,  or?|l,  or^^,  or&c 
Hence  the  time  of  a  semi-vibration,  or  time  in  which  the  heavy  point  first  arrives  at 
the  lowest  point  A,  is  ^  a/-,  and  the  time  of  each  complete  vibration  is  »  a /i. 
It  appears,  then,  -1.  That  the  time  of  vibration  in  a  cycloidal  arc  is  the  same, 
whatever  be  the  extent  of  the  arc  of  vibration ;  2.  That  the  time  of  vibration  is 
directly  proportional  to  the  square  root  of  the  length  of  the  pendulum ;  and  8.  That 
the  time  of  vibration  is  inversely  proportional  to  the  square  root  of  the  force  of 
gravity. 


*  =  <i,  cos 
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Properties  of  simple  pendtdumt  vibraUn^  in  circular  ares. 
Let  the  heavy  point  F  be  suspended  from  an  axis 

at  0,  and  yibrate  in  the  drcular  arc  B  A  B',  of  which  o 

0  A,  the  length  of  the  pendnlam,  is  the  radios  ;  and  fi\ 

let  B  be  the  point  from  which  the  descent  com-  :\\ 

mences,  A  the  lowest  point  of  the  arc,  and  P  the  ^           •  \   \ 

position  of  the  heavy  point  at  any  time  t.     Through  :  \ 

B  and  P  draw  the  horizontal  lines  B  M  and  P  N  to  \                       :    \                 y 

meet  the  vertical  line  0  A  in  the  points  M  and  N  ;  ^n.             mJ— A i>^ 

and  let  A  M  =  A,  A  N  =  a:,  A  P  =  «,  and  0  A  =  ^.  ^^'^^^^^.^J^LJL--^'' 

Then  r,  the  velocity  at  the  point  P,  —  the  velocity  ^ 


aoqmred   in  falling  through  the  height   MN=  V2flr.MN=  ^J2f/{h  —  x}; 

,      .            ,                    , .                            ds       ^dt                     1 
and,  smcc  s  decreases  as  t  increases,  r  =  —  -r-,  and  -r- =z  — j  but 

dt  ds  ^'Ig^k-    X) 

ds  I  ,    ,      ^      dt       dt  ds  1 

and  therefore  -r-  =  t-  t-  = 


^^       ^'llx-^  ^^       ^^'^^  y/tg{h  -  X)  (2  /  X  -  a^') 

We  are  not  able  to  integrate  this  expression  in  a  finite  form  ;  but  it  can  be  expanded 
into  a  series  of  which  the  terms  can  be  separately  integrated,  and  in  this  manner  the 
integral  can  be  obtained  to  any  required  degree  of  approximation.    Thus — 

.       H        1         r,     \x     l.S/aV  1.8.  ..(2»-l)/xV  I 

~*Vff;^X^^r'*'22i*2r4V27y  •'•••+    2.4...2n    Kn)"^---]' 


■sjk.. 

'-•da;        .  f        dx 


=    —IT 


therefore  /     --z==  =  - -k^K  I    ■  =  -  k—a  *  ^  »  ^^  ^  ^n ; 

•f  kUkx-^  2      J      ^ hx-~xt  2.4 


xdx  _  1  /'o     x^dx  1 . 8 

s/hx-v?  2*"   l/      ^ hx-a? 

but  between  the  limits  x=^h  and  x^O^  i  is  the  time  of  a  semi-vibration,  and  there- 
fore the  time  of  a  semi- vibration  is 

2  V    !7.1         25  27'*' 2rTV,27/   "*■•••■**      2=.  4^  ..  (2n)»    V2//    ^'"]. 

When  the  arc  of  vibration  is  very  small,  the  second  and  all  the  succeeding  terms 

of  this  series  are  so  exceedingly  small  that  they  may  ordinarily  be  neglected,  and  the 

time  of  a  complete  vibration  represented  by  ir  a  /-,  which  coincides  with  that  in  a 

cycloid. 
The  second  term  of  the  series  gives  a  correction  to  be  added  to  the  time  of  a 

vibration,  =  »  A /-  57  <^^  =  *  A/'  ^  '000019088  (P,  if  d  be  the  number  of 

degrees  in  A  B,  half  the  arc  of  vibration. 
If  the  time  of  vibration  of  a  pendulum  in  a  cydoidal,  or  infinitely  small  circular  arc, 

be  1",  so  that  ir  a  /  -  »  1,  the  increment  of  the  time  for  the  circular  arc  2  d  will  be 

•000019038  c2>,  and  the  time  lost  in  a  day  wiU  be  24  x  60  x  60  x  *000019038  (T  =  « cf^, 
nearly.  Thus  if  the  arc  of  vibration  be  4°,  the  time  lost  in  a  day  will  be  6  "I,  nearly  ; 
if  the  arc  be  2*,  the  time  lost  in  a  day  will  be  1"!  ;  if  the  arc  be  1**,  the  time  lost 
in  a  day  will  be  -fg*  ;  and  if  the  arc  be  but  |',  the  time  lost  in  a  day  will  be  but  ^^y" 
only. 

0  2 
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Connection  letietm  the  simple  pendulum  and  any  body  viltaling  about  a  horizontal 

axiit,  and  acted  ujyon  by  gravity  only. 

Let  A  B  C  be  a  vertical  section  of  the  body  made  by  the  plane  of  the  paper  pawing 

throogh  the  centre  of  gravity  G,  and  cutting  the 
axifl  of  suspension  perpendicukrly  in  C ;  let  P,  P',  P", 
&c.,  be  the  projections  upon  this  plane  of  the  parti- 
cles «i,  m',  wi",  &c.,  and  C  x  a  vertical  line  through 
C  ;  and  let  C  *;  =  A,  the  radius  of  gyration  about  an 
axis  through  the  centre  of  gravity  =  ^  C  P  «  r, 
C  F  =  /,  C  P'  =  r",  &c.,  G C X  =  e,  and  P  Cx  « 
4>,  P'  C  a;  =  <^',  P"  C  jc  =  ^%  &c.  The  forces  im- 
pressed on  the  particles  m,  m',  m",  &c.,  are  respectively 
mg,  m  g,  m"  g,  &c.,  and  the  moments  of  these 
forces  about  the  axis  of  suspension  are  m  ^  r  ain  ^ 
m'  g  r'  sin  <*>',  m"  g  r'  sin  (f>\  &c.     Therefore 


moment  of  impressed  forces 


Hence 


moment  of  inertia 

g  I  m  r  sin  ^  +  m'  r'  sin  <p'  +  m"  r"  sin  ^''  +  &c.  [ 

"M.  gh  Bin  B 
if  M  repreq^nt  the  sum  m  +  m'  +  m"  +  &c.,  or  the  entire  mass  of  the  body. 

dfi=-'^hnrj^'^'' 

In  C  G  produced  take  G  0  ^^  — r —  ;  then  if  the  whole  mass  M  were  collected  at  0, 

a 

and  connected  with  the  axis  of  suspension  at  C  by  a  cord  without  weight,  the  moment 

of  the  impressed  force  would  be  M  ^ .  G  0  sin  6,  while  the  moment  of  inertia  would  be 

M  .  G  O',  and  therefore  we  should  have 

flPe  ^  _  MyCOsine  _  __  gsine  _  __        h        . 

dt^  M.C02      ~         GO    ""      ^h^  +  k^*^^^'       ' 

the  same  equation  for  determining  the  motion  as  before.     Hence  it  appears  that  the 
time  of  vibration  of  the  body  A  B  G  is  the  same  as  that  of  a  simple  pendulum  whose 

length  l—CO^  — r — ,  and,  in  fact,  that  all  the  circumstances  of  the  motion  of  the 

n 

point  0  are  the  same  as  if  it  were  the  heavy  point  of  such  simple  pendulum. 

The  point  0  is  called  the  centre  of  oscillation ;  the  point  G,  the  centre  of  suspension ; 

A'  +  F 
the  vibrating  body,  a  compound  pendulum  ;  and  I  =  — £ — ,  the  length  of  the 

corresponding  simple  pendulum. 

Since  Z  =  A  +  -,   and  hence  /—  A  =  r-i   and  A  =  t — :,  if  the  body  be  suspended 
A  A  l  —  h 

anew  on  an  axis  through  0  parallel  to  that  through  G,  and  V  represent  in  this  case 

the  length  of  the  equivalent  simple  pendulum,  then 

I; 


r  =  OG  + 


/-A  + 


T^+A 


OG  l—h      A 

so  that  G  becomes  now  the  centre  of  oscillation,  or  the  centres  of  oscillation  and 
suspension  are  reciprocal. 
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Kaltrt  Pendulum, — Tliia  property  was  made  use  of  by  Captain  Kaier  (Phil.  Trans, 
fur  1818)  to  determine  the  trne  length  of  the  seconds  pendulum  in  the  following 
manner. 

Let  A  B  be  the  compound  pendulum,  C  the  point  of  suspension, 
W  and  Vf  two  weights  which  may  be  shifted  from  one  position  to 
another  on  the  pendulum,  and  0  the  centre  of  oscillation  of  the 
pendulum,  including  W  and  w.  The  positions  of  C  and  0  being 
first  determined  approximately  by  computation,  knife  edges  are 
fixed  at  these  points  to  form  the  parallel  axes  about  which  the 
pendulum  is  to  be  made  to  vibrate  in  the  succeeding  steps  of  the 
experiment.  These  knife  edges  are  formed  and  fixed  with  gi'eat 
care,  and  being  rested  alternately  upon  horizontal  agate  planes,  the 
weight  W  is  shifted  till  the  times  of  vibration  about  C  and  0  are 
very  nearly  the  same,  and  the  adjustment  is  then  perfected  by 
moving  the  smaller  weight  w.  The  time  of  vibration  is  now  care- 
fully observed,  and  the  distance  C  0  accurately  measured  ;  and  if  /  be  this  distance, 
and  t  the  observed  time  of  vibration,  and  L  represent  the  length  of  the  simple 
pendulum  vibrating  seconds,  we  have,  since  the  lengths  of  simple  pendulums  are  as 

the  squares  of  their  times  of  vibration, 

I 
f^ :  12  :  :  i :  L,  and  .-.  L  =  -  • 

The  corrections  to  be  applied  to  the  length  of  the  simple  pendulum  for  given  errors  in 
the  construction  of  the  compound  pendulum  are  given  in  a  Paper  by  Mr.  Lubbock  in 
the  '  Philosophical  Transactions '  for  1 830.  The  greatest  error  arises  from  a  devia- 
tion for  horizontality  in  the  agate  planes, — a  deviation  of  10'  increasing  by  about  6 
the  vibrations  in  24  hours. 

The  construction  of  this  pendulum  has  since  been  considerably  simplified,  consisting 
in  its  improved  form  of  a  plain  straight  bar,  2  inches  wide,  i  inch  thick,  and  about 
02|  inches  long.  At  the  distance  of  5  inches  from  one  end  of  this  bar  is  placed  the 
vertex  of  one  of  the  knife  edges,  and  at  the  distance  of  89  inches  is  placed  the  vertex 
of  the  other  knife  edge.  The  pendulum  is  made  to  vibrate  nearly  in  the  same  time 
about  both  knife  edges  by  filing  away  one  of  the  ends  of  the  pendulum,  and  the 
adjustment  is  perfected  by  means  of  two  screws,  which  hold  a  small  weight  in  a  hole 
near  one  end  of  the  bar. 

The  length  L  of  the  seconds  pendulum  having  been  determined,  the  accelerating 
force  of  gravity  at  the  place  of  the  experiment  is  immediately  given  by  the  equation 
g  =  ifiL,  Thus  in  the  latitude  of  London  the  length  of  the  seconds  pendulum,  L,  is 
39*1393  inches,  and,  consequently, 

g  =  ii^x  39-1393  =  38629  inches  =  32*19  feet. 

The  force  of  gravity  varies  in  different  latitudes,  the  increment  above  the  force  at 
the  equator  being  nearly  as  the  square  of  the  sine  of  the  latitude  ;  and  since  the 
length  of  the  seconds  pendulum  is  directly  proportional  to  the  force  of  gravity,  the 
increment  in  its  length  above  the  length  at  the  equator  varies  also  as  the  square  of 
the  sine  of  the  latitude.  Hence,  if  39*1677  be  the  length  of  the  seconds  pendulum  at 
the  equator,  and  0.20027  the  increment  in  its  length  at  the  pole,  the  length  I  of  the 
pendulum  in  any  latitude  A,  is  given  by  the  equation 

I  =  3901677  +  0*20027  sin-  A. 

Since  the  force  of  gravity  without  the  earth's  surface  varies  in  the  same  latitude 
inversely  as  the  square  of  the  distance  from  the  earth's  centre,  and  the  number  of 
vibrations  made  by  a  pendulum  in  a  day  varies  inversely  as  the  time  of  vibration. 
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wvl  therefore  directly  u  t!ie  Eqaare  root  of  the  (dtm  of  grarity,  it  fulloin  Uuit  the 
nnmber  of  Tibralioiu  ia  ■  il*j  TSriei  inTenelj-  u  the  diatance  fnim  the  earth'e  centra. 
I^  then,  It  represent  the  nnmber  of  vibrations  in  a  day  at  the  earth'a  inrface,  and  S  n 
the  nnmber  of  xibrations  loet,  "heo  the  pendolnm  ia  carried  to  the  height  h  aboTB  the 
surrace,  n— S»         r  h 

and  the  nnmber  of  vlbrationi  loat  in  a  day  ia  giren  npproiimately  by  the  equation 

Ootitjieiualion  PtnchUttmt. — Beaidea  the  variatioD  in  the  time  of  rlbration  of  a 
pendolnm  arieing  from  the  Tariation  of  gravity  in  diflereat  tatitodea,  and  at  different 
altitudaa,  there  may  be  farther  a  aonrce  of  irregnlarity  in  the  variatioa  of  the  actual 
length  of  the  pendulum,  arinng  from  the  eipannon  or  contraction  of  ita  material 
nnder  different  degrees  of  heat  To  remove  Uiia  defect  ao  important  an  object  when 
Uie  pendnlnm  is  employed  u  a  conatant  time-keeper,  Tarions  methoda  have  heen 
invented  for  conatmcttng  compenaation  pendalams,  in  which,  notwithitandtng  the 
eipanaion  of  their  several  parte,  the  length  of  the  eqaivalent  umpla  pendnlnm, 
or  diatance  between  the  centre  of  oadllation  and  the  point  of  snapenaiDn,  ahall  remain 
conatantly  the  aame.  The  firat  compensation  pendnlnm  appears  to  have  been  oon- 
stmoted  by  George  Grahsm,  who,  after  repeated  trials  ancceeded,  in  the  year  1T21, 
in  forming  a  mercnrial  pendnlnm,  in  which  the  compenaation  waa  found  to  be  ao  far 
eB^ted,  that  its  error  in  the  eitremea  of  temperatore  wM  rrdnced  to  Jth  the  error  in 
an  ordinary  pendulum. 

The  idea  of  airanging  bara  of  different  metals  in  anch  a  manner  aa  to  form  a  com- 
pennlion  pendulum,  having  alio  been  saggeated  by  Qraham,  though  he  himself  bilcd 
in  accompliahing  it,  ronsed  the  ingenuity  of  other  mechanics,  and  in  1726,  Earriaon, 
a  carpenter,  of  Barton  in  Liuicaahire,  aneeeeded  in  conatmctiag  the  Qridirun  Pendn- 
lnm. Tarioni  modifications  of  compenaatien  pendalnms  have  since  been  madi^  but 
none  have  been  fonnd  to  eicel  the  inventions  of  Graham  and  Haniaon,  which  are  still 
tMd  in  the  construction  of  aatranomical  clocka. 

Qiaham's  Mercnnal  Pendulum  eonaiata  of  a  rod  of  ateel  about  ii  inchea  long, 
hranched  toworda  ita  lower  end,  so  aa  to  embrace  a  cylindrical  glaaa  reaael  7  or  S 
Inches  deep,  and  haruig  ftA  inches  of  this  depth  filled  with  mercury  j  bnt  the  exact 
quantity  of  mercnry,  being  dependent  on  the  weight  and  eipaniibility  of  the  other 
part*  of  the  pendulum,  must  be  determined  by  eipariment.  When  the  temperature 
increaaea,  the  eUel  rod  is  lengthened,  while  the  mercury  rises  in  the  cylinder ;  bnt 
when  the  temperatore  deereoaea,  the  steel  ia  ehortened,  and  the  mercury  falls  in  the 
oylinder.  By  a  proper  adjustment,  then,  of  the  quantity  of  mercnry,  the  effect  of  the 
lengthening  or  ahortening  of  the  rod  is  neatraliaed  by  the  rising  or  falling  of  the 
mercury,  and  the  centre  of  oecitlatioa  ia  kept  at  an  invariable  distance  fron  the  point 
of  auapenaion. 

HajTisoa'a  Gridiron  Pendulum  conaiita  of  five  rods  of  steel  and 
four  ot  braaa,  placed  in  an  alteraalfi  order,  the  middle  rod,  by 
which  the  bob  or  weight  ia  anspended,  being  of  steel.  Thcae  rods 
are  connected  by  cross  pieces  in  anch  i>  manner,  that  while  the 
expansion  ot  the  alcct  rods  has  n  tendency  to  lower  the  boh,  tlie 
eipanaion  of  the  brass  roda  acta  upwuds,  and  tends  to  raise  it ;  so 
that  by  duly  proportioning  the  lengths  of  the  two  clsaaea  of  roda, 
the  centre  of  oscillation  is  kept  at  *d  invariable  diatasce  from  the 
point  of  satpenaian,  and  the  length  of  the  eqaivalent  aimple 
pendulnm  Tsmaina  eonstsntlj  (he  same. 


PENDULUM.  81 

Amongst  those  who  have  sncoeeded  in  constrncting  compenfiation  pendulums  may 
be  mentioned  Regnaolt,  Deparcienx,  Jnlien  le  Boy,  Ellicot»  Hooke,  F.  Berthond, 
Troaghton,  Dr.  G.  Fordyoe,  Ward,  Adam  Reid,  Doughty,  Ritchie,  and  Hardy. 

Since  the  isochronism  of  the  yibrations,  independently  of  the  length  of  the  arc  of 
vibration,  is  peculiar  to  penduloms  Tibrating  in  cycloidal  arcs,  it  might  be  supposed 
that  it  would  be  advantageous  to  make  the  pendulum  vibrate  between  cycloidal 
cheeks ;  and  such  a  construction  was  in  fact  adopted  for  some  time  after  its  first 
invention  by  Huygens.  Upon  further  consideration,  however,  it  appears  that  in  this 
case  the  centre  of  oscillation  no  longer  occupies  the  same  point  of  the  pendulum  in 
di6ferent  parts  of  its  path,  from  the  circumstance  of  the  virtual  point  of  suspension, 
which  is  now  the  point  of  contact  with  the  cycloidal  cheek,  continually  varying.  The 
vibrations  of  a  compound  pendulum,  then,  between  cycloidal  cheeks  are  not  isochronous, 
nor  has  the  theory  of  their  motion  been  ever  investigated,  that  we  are  aware  of. 
Furthur  objections  to  such  pendulums  also  arise  from  the  difiiculty  of  givbg  to  the 
cheeks  the  true  cycloidal  form,  and  the  improbability  of  their  long  retaining  it, 
supposing  it  once  given. 

The  vibrations  of  actual  pendulums  are  manifestly  affected  by  the  resistance  of  the 
air,  the  friction  at  the  axis  of  suspension,  and  the  maintaining  power  which  is 
necessary  to  keep  the  pendulum  vibrating  for  any  length  of  time.  Professor  Airy,  in 
the  'Cambridge  Philosophical  Transactions,*  1826,  has  determined,  by  the  principle 
of  the  variation  of  parameters,  general  formulae  remarkable  for  their  simplicity,  for  the 
alteration  in  the  time  and  extent  of  the  vibrations  of  a  ])endulum  when  acted  upon  by 
any  small  disturbing  foi*ce  whatever.  By  applying  these  formulsd  to  the  disturbing 
forces  above  mentioned,  it  appears  that,  though  the  arc  of  vibration  is  diminished, 
the  time  of  a  vibration  is  not  affected  either  by  a  constant  friction  at  the  axis  of 
suspension,  or  by  the  resistance  of  the  air ;  and  further,  that  if  an  impulse  be  given 
to  the  pendulum  at  its  lowest  point  only,  the  time  of  vibration  remains  unaltered. 
In  the  dead-beat  escapement,  the  maintaining  power  acts  on  the  pendulum  for  a 
small  space  near  the  middle  of  the  vibration  only,  and  Professor  Airy,  in  the  Paper 
above  referred  to,  comes  to  the  conclusion  that  this  escapement  is  (&r  superior  to 
any  other. 

JBcUlittic  Pendidum,  Camion  Pendidum,  and  Musket  Pendulam,* — The  name 
baUiitie  pendidvm  was  given  by  Robins  to  an  apparatus  invented  by  him  for  ascer- 
taining  the  velocities  of  military  projectiles,  and  thence  comparing  the  effective  powers 
of  different  specimens  of  gunpowder.  This  apparatus  consisted  of  a  large  block  of 
wood,  suspended  vertically  by  a  strong  horizontal  axis,  to  which  it  was  attached  by  a 
firm  iron  stem.  Of  late  years,  however,  considerable  improvements  have  been  made 
by  the  Military  Engineers  of  France  in  the  details  of  the  construction  of  ballistic 
pendulums,  and  the  arms  themselves  from  which  the  projectiles  are  fired  have  been 
suspended  and  adjusted,  so  as  to  form  pendulums  of  equal  value,  and  to  measure  by 
their  arc  of  recoil  the  force  of  the  explosion.  To  these  suspended  guns,  as  well  as  the 
suspended  blocks  which  receive  the  shot,  the  French  have  extended  the  name 
ballistic  pendulum,  while  they  distinguish  the  one  from  the  other  by  giving  to  tho 
latter  the  name  of  the  receiver  pendulum,  and  to  the  former  that  of  cannon 
pendulum,  musket  pendulum,  &c.,  according  to  the  nature  of  the  arms  suspended. 
Knglish  and  American  writers,  however,  still  restrict  the  term  ballistic  pendulum  to 
that  which  receives  the  shot. 

The  principal  conditions  to  be  fulfilled,  as  far  as  possible,  by  the  construction  of 
the  pendulum,  are — 


»  See  alao  "Projectilea,"  p.  165. 
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1.  That  the  pendulnm  shoald  be  capable  of  siistainiDg,  withont  isjary,  the  impact 
of  balls  of  the  htrgest  calibre  intended  to  be  received  by  it,  moving  with  the  greatest 
Telocity  that  can  be  given  to  them. 

2.  That  the  eortf  or  part  of  the  block  which  receives  the  impact  of  the  ball,  shoald 
be  sosceptible  of  being  easily  and  qaickly  renewed  after  each  fire. 

3.  That  the  frame  of  the  cannon  pendulum  should  be  capable  of  receiving  guns  of 
various  calibres. 

4.  That  arrangements  should  be  made  in  each  pendulum  for  adjusting  the  height 
of  its  centre  of  oscillation,  so  ss  to  make  it  coincide  with  that  of  the  line  of  the  fire, 
in  order  to  prevent  violent  shocks  on  the  axis  of  motion. 

5.  That  the  apparatus  should  not  be  liable  to  be  affected  by  hygrometric  changes 
in  the  atmosphere. 

We  proceed  to  describe  briefly  the  contrivances  by  which,  in  the  most  improved 
forms  of  the  pendulum,  it  has  been  sought  to  fulfil  the  above  conditions. 

Thtptndulwn  hlockv&ot  cast  iron,  in  the  form  of  the  hollow  frustrum  of  a  oone, 
with  a  hemispherical  bottom  ;  and,  in  order  to  give  it  the  requisite  strength,  it  is 
closely  hooped  with  wrought  iron  over  all  the  conical  part,  except  iu  the  places  where 
it  is  embraced  by  the  suspension  straps.  In  the  hollow  of  the  pendulnm  block  is 
placed  the  core,  which  is  to  receive  the  shot,  and  its  axis  should  therefore  coincide 
with  the  line  of  fire. 

The  opening  in  the  face  of  the  block  is  partially  closed  by  an  iron  plate  ;  and  the 
point  struck  by  the  ball  is  marked  by  the  hole  made  in  a  sheet  of  lead,  which  is 
placed  over  the  opening  in  the  plate,  and  retained  by  a  washer,  or  smaller  iron  plate, 
bolted  to  the  large  one.  Vertical  and  horizontal  scales,  drawn  on  the  face  of  the 
small  plate,  serve,  by  means  of  an  easy  reference,  to  measure  the  position  of  the  point 
struck  by  the  centre  of  the  ball. 

Core  of  the  pendulum  block, — The  hemispherical  bottom  of  the  core  is  formed  of  a 
block  of  lead,  which  serves  to  counterpoise  the  weight  of  the  front  part  of  the  block, 
and  thus  facilitates  the  adjustment  of  the  axis  in  a  horizontal  position. 

The  sand  which  receives  the  impact  of  the  balls  is  contained  in  cases  made  of  strong 
leather  stretched  over  iron  frames  :  the  ends  of  these  esses  are  closed  with  soft 
boards  about  }  inch  thick.  In  order  to  fill  one  of  these  cases  or  bags,  it  is  placed  on 
its  small  end,  the  boards  forming  the  bottom  are  laid  down  on  pins  intended  to  support 
them,  and  if  there  be  any  openings  through  which  the  sand  might  escape,  they  are 
closed  with  shavings,  &c.  :  the  sand  is  then  put  in  and  settled  with  a  small  rammer. 
"When  nearly  filled,  the  bag  is  placed  on  the  platform  of  a  balance,  and  its  weight 
properly  adjusted  ;  after  which  the  boards  forming  the  head  are  fastened  on  by  small 
nails  driven  into  wooden  pings  in  holes  on  the  inside  of  the  hoop  which  forms  the 
larger  end  of  the  frame. 

Four  of  these  bags  form  a  set  for  filling  the  pendulum  block  ;  and  an  interval  of 
about  3  inches  is  left  at  the  mouth  of  the  block  to  admit  any  compensating  weights 
which  may  be  required  to  make  up  the  proper  charge,  and  which  are  in  the  form  of 
large  rings,  made  of  iron,  of  different  sizes,  according  to  the  weight  required.  The 
vacant  space  in  the  mouth  of  the  block  is  requisite  for  containing  the  sand  displaced 
by  the  shot. 

iSuspending  apparaUcs.—The  block  is  attached  by  means  of  four  straps  of  wrought 
iron  to  a  horizontal  shaft  of  the  same  materiaL  The  shaft  terminates  at  each  end  in 
knife  edges  made  of  hardened  steel  welded  to  the  iron ;  these  knife  edges  are  rounded 
on  a  radius  of  0*06  inch,  and  rest  in  Ys,  the  bottom  parts  of  which  are  rounded 
on  a  radius  of  0*1  inch  ;  while  the  inclination  of  the  sides  of  the  Ys  is  so  arranged 
with  reference  to  that  of  the  planes  of  the  knife  edges  as  to  allow  the  pendulum  to 
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vibrate  throngh  an  arc  of  30*".     The  adjustment  of  the  Vs  is  regulated  by  means  of 
wedges. 

The  arc  of  vibration  of  the  pendulum  is  measured  on  a  brass  limb  ;  a  slide,  also 
of  brass,  moying  on  this  limb,  is  pushed  forward  by  an  index  attached  to  a  bar, 
which  is  connected  with  the  suspension  straps  at  the  proper  distance  from  the  axis. 

In  the  cannon  pendtUumf  the  suspension  frame,  the  supports,  and  the  general 
arrangement,  are  similar  to  those  of  the  ballistic  pendulum  as  described  above. 

In  the  musket  pendulum,  and  the  ballistic  pendulum  for  practice  with  the  mwket^ 
the  principles  of  construction  are  the  same,  the  chief  deviation  being  in  the  manner 
of  forming  the  core  :  this  core  in  the  French  pendulum  consisted  of  a  block, of  lead, 
which  received  the  ball,  and  which  was  renewed  at  each  shot ;  but  Captain  Mordecai, 
of  the  United  States'  Ordnance  Department,  in  his  experiments  at  Washington  in  the 
years  1843-44,  substituted  a  core  composed  as  follows  : 

Ist.  A  block  of  hard  wood,  turned  to  fit  the  bottom  part  of  the  pendulum  block. 

2nd.  A  conical  block  of  lead,  faced  with  a  plate  of  iron,  occupying  nearly  the 
centre  of  the  core. 

3rd.  A  block  of  hard  wood,  turned  and  cut  to  such  a  length  as  just  to  fill  the 
pendulum  block,  and  to  bear  against  the  face-plate,  which  is  formed  of  wood,  and 
pressed  against  the  front  of  the  pendulum  by  an  iron  clamp.  The  point  struck  by 
the  ball  is  marked  by  the  perforation  of  the  face-plate. 

Adjnstm^Us  of  the  pendulums, — The  pendulums  must  always  be  a4justed  for  the 
positions  of  the  centres  of  gravity  and  oscillation,  for  the  horisontality  of  their  shafts, 
and  when  the  ballistic  and  cannon  or  musket  pendulums  are  used  together,  the  shafts 
of  the  two  pendulums  must  be  adjusted  for  parallelism. 

Adjustment  of  the  shafts. — This  adjustment  is  corrected,  if  necessary,  by  moving 
one  or  more  of  the  seats  in  which  the  Vs  are  placed.  It  is  verified  tot  horisontality 
by  a  level ;  and  for  the  parallelism  of  the  two  shafts  as  follows  :  Two  plumb-lines 
are  suspended  to  the  ends  of  a  needle  attached  to  each  shaft  in  a  direction  perpendicular 
to  its  axis ;  four  other  plumb-lines  are  suspended  in  the  axis  of  the  gun  and  block 
(on  the  front  and  rear  of  each),  and,  when  the  adjustment  is  perfect,  these  eight 
plumb-lines  should  hang  in  the  same  plane. 

Adjustment  of  the  centres  of  oscillation, — The  centre  of  oscillation  of  each  pendu- 
lum must  coincide  very  nearly  with  the  line  of  fire ;  and  its  i>osition  having  been 
determined  in  the  manner  hereafter  to  be  explained,  it  is  to  be  raised  or  lowered,  if 
necessary,  by  placing  weights  on  the  upper  or  lower  of  the  large  screw-bolts  which 
connect  the  front  and  rear  straps  above  and  below  the  gun  or  the  block. 

Adjustment  of  the  centre  of  gi'avity. — The  centre  of  gravity  must  be  situated  in 
the  intersection  of  the  vertical  plane  containing  the  axis  of  the  cannon  or  block  and 
the  plane  perpendicular  to  this  axis  which  passes  through  the  axis  of  motion.  De- 
viations from  the  proper  position  of  the  centre  of  gravity  may  be  caused  by  variations 
in  the  charge  of  the  gun  or  block.  This  adjustment  is  corrected  by  sliding  backwards 
or  forwards  the  weights  which  have  been  placed  upon  the  large  screw-bolts  to  adjust 
the  centre  of  oscillation. 

Moments  of  the  pendulums. — By  the  moment  of  a  pendulum  we  mean  the  product 
of  its  weight  and  the  distance  of  the  centre  of  gravity  from  its  axis  of  motion,  the 
weight  being  estimated  in  pounds,  and  the  distance  in  feet.  This  moment  ought 
to  be  determined  with  precision,  since  it  enters  into  the  formuke  for  determining  the 
velocity  of  the  projectile.  The  weights  of  the  several  parts  of  the  pendulums  being 
accurately  determined,  and  also  the  positions  of  their  centres  of  gravity,  by  balancing 
them  on  the  edge  of  a  square  steel  bar,  the  places  of  the  centres  of  gravity  of  the 
entire  systems,  or  the  moments  of  these  systems,  are  easily  calculated  by  the  ordi- 
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mrj  fbnnnia  ;  utd  hj  the  ume  meaaa  tha  oamctioiu  for  ui  allcratian  of  the  kdjul- 
iDg  weights,  or  a,  change  in  the  weight  of  the  core  of  the  block,  or  of  the  charge  of  the 
goD,  are  readUj  obt^ed.  The  reanll*  of  theee  adcolstioDi  m>7  be  rerilied  at  anj 
time  experimentallf ,  withaat  dlmunuitiiig  the  penduloou,  in  the  fol  lowing  maoaer  :  A 
cord  bring  fixed  atanj  eoDTenicDt  point  of  one  of  the  pendnlnniB,  is  paneJ  onr  a  fixed 
pnlley,  and  by  meaiu  of  a  known  weight  attached  to  its  extremity,  pnlb  the  pen- 
dnlnm  throngh  an  angle  which  ia  acenratel;  meuared.  The  pnlle;  ehould  be  large, 
tnming  on  a  noall  and  weU-greaied  azia,  so  that  tiis  friction  maj  be  neglected  witb- 
DstiDtrodacing  anj  appreciable  error.  Kow,  haTing  marked  conapieoonalj  the  inter- 
action with  the  gnrftcM  of  the  block  or  gnn  of  the  plane  passing  through  the  axis  of 
motion  and  the  centre  of  graiity,  which  plans  is  Tertieal  when  tiie  pendalnni  hangs 
&«e1j,  A»  inclination  of  this  plane  tmder  the  action  of  the  weiglit,  which  is  the  angle 
throngh  which  the  pendolom  is  pulled,  is  eMilf  obserred. 

Lei,  then,  p  represent  the  wei^t  of 
of  the  peodnlam ; 

h,  the  unknown  distance  of  its  centre 

of  grant;  from  the  axis  of  matien ; 

a,  the  angle  throngh  whicli  the  pen- 

dnlnm  is  pnlled; 
d,  the  perpendicular  let  fall  from  the 
axis  of  moUon  on  the  direction  of 
the  cord ; 
I,  the  tension  of  the  cord,  or  the 
weight  suspended  from  its  eitre- 
mit7 ;  and  we  have  the  relation 

and  hence  the  required  aoment  ji  h 
is  giien  bj  the  exprestion 


IHD^ 


iiosiiiono/fAccnifree/MciSaftim.— The  distance  of  theoentreof  osdllation  from 
the  axis  of  motion,  or  length  of  the  eqniTalent  simple  pendolnm,  is  obtained  by  set- 
ting the  pendnlom  in  motion  and  obeerring  the  time  of  a  ceriain  number  of  Tibi*- 
tiona.  Thos,  if  n  be  the  number  of  nbrations  in  the  time  (,  g  tho  force  of  gnTity  at 
the  place  of  obeemtioii,  r  the  ratio  of  the  circumference  of  a  circle  to  its  diameter,  and 
I  the  distance  of  the  cmtre  of  oscillation  from  the  axis  of  rot&tion. 


1  = 


ir  if  L  be  tho  length  of  a  i 


!=■  . 
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tthen  the  distance  C  of  the  centre  of  osollation  from  the  axis  of  rotation  is  ascer- 
tained from  any  given  eondi^on  of  the  sjitem,  the  adjusting  weight  id,  reqnisile  to 
bring  that  centre  to  anj  clfNied  distance  I,  ma;  be  computed  Tei;   nearl;  b;  the 

p  k  bdng  the  moment  of  the  pendnlnm,  and  d  the  distauee  of  the  adjneting  weight 
Aran  the  axis  of  rotation. 
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FormiUcB  for  compviing  Uu  velocity  of  the  hall, 

1.  By  the  hcUlUtic  pendulum  : 

Let  p  represent  the  weight  of  the  pendulum. 

h  the  distance  of  its  centre  of  gravity  from  the  axis  of  motion. 
I  ,1  ,1  oscillation         ,,  ,| 

i  ,1  the  point  of  impact  ,,  ,, 

b  the  weight  of  the  ball. 

V  the  velocity  with  which  the  ball  strikes  the  pendulum. 
a  the  angle  of  the  first  semi- vibration  of  the  pendulum. 

b  bv 

The  mass  of  the  ball  being  -,  its  quantity  of  motion  at  the  instant  of  impact  is  — , 

and  the  moment  of  this  quantity  of  motion  about  the  axis  of  motion  is  — • 

9 

After  the  impact,  all  parts  of  the  pendulum,  including  the  ball,  move  with  the 
same  angular  velocity  ;  and  if »  represent  this  angular  velocity,  the  quantity  of  motion 
communicated  to  an  element  d  m^ia,  distance  r  from  the  axis  of  motion  iaurdmj 
and  the  moment  of  this  quantity  of  motion  about  the  axis  ia  wr*d  m.  The  sum  of 
all  such  moments,  or  the  moment  of  the  quantity  of  motion  of  the  whole  pendulum, 
is  ufr^  d  m,  the  integral  being  taken  for  every  particle  of  the  pendulum,  including 
the  balL  Now,  by  the  previous  adjustment  of  the  pendulums,  the  point  of  impact 
cannot  be  far  from  the  centre  of  oscillation,  and  the  position  of  this  centre  may  there- 
fore be  assumed  to  remain  constant  withoul  introducing  any  sensible  error.  We  have 
therefore 

moment  of  inertia      ft^dm 


I  = 


moment  of  the  mass 


9         9 

and  hence 

/•  ^  ^  (p  h  +  b  i)  I  , 

9 
and,  since  this  must  be  equal  to  the  moment  of  the  quantity  of  motion  of  the  baU 

before  impact, 

bv  i            {ph+  b  t)  I 
— -  =  „  , f 

(ph+bi)l 

and  V  =  o» ,  --; ^ 

b  % 

The  velocity  of  the  centre  of  oscillation  is  I  w,  and  since  this  point  moves  as  though 
it  were  isolated,  its  velocity  at  the  lowest  point  of  its  course  is  also  that  due  to  an 
altitude  equal  to  the  versed  sine  of  the  angle  of  semi- vibration  ;  so  that 


lw=  ^/  2  gl  {I  —  C08o)=  yj  2gl ,  2  sin*  i  a  =  2  sin  J  a  \/  g  I) 

and  therefore  t;  =  2  sini  a  (P^+  ftQVgf 

bi 

In  a  set  of  experiments  with  balls  of  the  same  kind  and  calibre,  since  &  t  is  small 
in  comparison  withp  A,  no  sensible  error  will  be  introduced  by  assigning  to  6 1,  in  the 
numerator  of  the  above  expression,  a  constant  value  equal  to  the  mean  weight  of  the 
balls,  multiplied  by  the  mean  distances  of  the  points  struck  from  the  axis  of  suspension. 
By  this  assumption  the  whole   term  (p  A  +  6  i)  V  ^  ^  becomes  constant  for  one 


.} 
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set  of  experiments  ;  and  the  value  of  this  term  being  fonud,  tbe  formula  is  extremely 
simple  and  adapted  to  logarithmic  computation.  Since  2  sin  (  a  =  chord  of  a,  the 
velocity  is  directly  proportional  to  the  chord  of  the  arc  of  semi-vibration,  and  inversely 
proportional  to  the  product  b  i. 

2.  By  the  gun  pendulum, — The  same  notation  being  employed  as  for  the  ballistic 
pendulum,  tbe  moment  of  the  quantity  of  motion  of  the  pendulum  is 

phi       o   •    I     P  ^     J — r 

As  tbe  ball  and  wad  leave  the  muzzle  of  tbe  gun  together,  their  quantity  uf  motion  is 
^ l_  w  being  the  weight  of  the  wad.     The  expansive  force  of  the  gunpowder 

which  produces  this  quantity  of  motion  may  be  considered  as  acting  on  an  area  of  a 
great  circle  of  the  ball ;  and  as  it  acts  with  equal  intensity  on  the  annulus  between  the 
ball  and  tbe  bore,  driving  out  a  portion  of  tbe  elastic  fluid  past  the  ball,  the  quantity 
of  motion  will  be  increased  by  this  circumstance  in  the  proportion  of  the  area  of  the 
cross  section  of  the  bore  to  that  of  a  great  circle  of  the  ball,  or  in  tbe  pi-oportion  of 
the  square  of  tbe  diameter  of  the  bore  to  the  square  of  the  diameter  of  the  ball.  The 
quantity  of  motion,  therefore,  of  the  ball  and  wad,  and  of  the  fluid  which  escapes  past 
tbe  ball,  all  taken  together,  is 

(6  +  w)  V     I)<^ 

and  its  moment  about  the  axis  of  suspension  is 

(/^  +  tf )  V  »  D« 

9       /  d 

1)  and  d  being  the  diameters  of  the  bore  and  ball  respectively,  and  f  being  now  the 

distance  from  the  axis  of  suspension  to  the  axis  of  the  gun. 

Again,  if  c'  be  the  weight  of  tbe  cartridge,  including  the  bag,  and  the  elastic  fluid 

behind  the  ball  be  assumed  to  have  a  mean  velocity  equal  to  half  that  of  the  l)all  at 

the  moment  the  ball  leaves  the  gun,*  the  quantity  of  motion  of  the  inflamed  powder 

c   V 
and   of  the  cartridge-bag  is  represented  approximately  by  J     — ,  and  its  moment 

with  respect  to  the  axis  of  suspension  by  \ 

9 

After  the  ball  has  left  the  gun,  the  elastic  fluid  still   coutluues  to  expand,  and,  in 

consequence  of  the  resistance  of  the  air,  to  re-act  on  the  pendulum  and  increase  its 

recoil.     The  quantity  of  motion  due  to  this  cause  may  be  consitiercd  proportional  to 

the  quantity  of  powder  in  the  charge,  and  may  therefore  be  represented  approximately 

by  — ,  c  being  the  weight  of  the  powder,  and  m  a  constant  multiplier  to  be  deter- 

9 
mined  by  experiment.     The  moment,  then,  of  this  quantity  of  motion  about  the  axis 

C  Tit  % 

of  suspension  is . 

9 
Tbe  sum  of  tbe  moments  of  all  tbe  quantities  of  motion  of  the  ball  and  tbe  charge 

is  therefore 

(6  +  w)  V  t    I)  -       ,  c'  »  *      c  w  t 

9  d        "^    g         ~^' 

and  this  must  be  equal  to  the  moment  of  the  quantity  of  motion  of  the  pendulum  ; 

•  Uutton,  87tU  Tract  Prob.  Id. 


so  that 


and  hence 
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9  d'  9  9  9  ^  ^    * 


2  sin  i  a  ?Avl71 


c  m 


To  prevent  the  ballifitic  pendulum  from  being  acted  upon  by  the  blast  of  the  gun, 
the  cannon  pendulum  should  be  placed  at  a  distance  from  the  ballistic  pendulum  of 
not  less  than  50  feet  and  a  screen  should  be  placed  at  some  little  distance  in  front  of 
the  face  of  the  pendulum  block,  with  a  hole  in  it  of  about  12  inches  diameter,  for  the 
passage 'of  the  shot. 

The  musket  pendulum  may  be  set  up  at  about  10  feet  distance  from  its  ballistic 
X)endulum,  and  a  screen,  having  in  it  a  hole  of  about  2  inches  diameter,  should  be 
placed  in  front  of  the  face  of  the  ])endulum  block,  at  some  little  distance,  say  2  feet. 

Captain  Mordecai,  from  the  results  of  his  experiments  at  Washington,  draws  the 
conclusion,  that  the  only  reliable  mode  of  proving  the  strength  of  gunpowder  is  to  test 
it  with  Service  charges,  in  the  arms  for  which  it  is  designed,  for  which  purpose  the 
pendulums  are  perfectly  adapted. 

For  powder  to  be  used  in  cannons,  he  advises  the  cannon  pendulum  alone  to  be 
made  use  of,  as  its  indications  correspond  remarkably  well  with  those  given  by  the 
ballistic  pendulum,  and  the  use  of  the  large  ballistic  pendulum  is  difficult,  slow,  and 
expensive.  For  the  proof  of  powder  for  small  arms,  he  recommends  the  small  ballistic 
I)endulum  to  be  fired  at  from  a  barrel  set  in  a  permanent  frame. 

The  same  gentleman  states  that  in  a  2 4 -pounder  gun  new  cannon  powder  should 
give,  with  a  charge  of  |th,  an  initial  velocity  of  not  less  than  1600  feet,  to  a  ball  of 
medium  weight  and  windage ;  and  that  the  initial  velocity  of  the  musket-ball  of  0*05 
inch  windage,  with  a  charge  of  120  grains,  should  be — 

With  new  musket  powder,  not  less  than  1500  feet. 
With  new  rifle  powder,  ,,         ,,    1600    ,, 

With  fine  sporting  powder,       ,,         ,,    1800    „ 

He  also  comes  to  the  conclusion,  that  the  common  ^prouvettes  are  of  no  value  as 
instruments  for  determining  the  relative  force  of  diiferent  kinds  of  gunpowder. 


PENETRATION  OF  PROJECTILES.*— The  following  Tables  and  Notes 
relate  chiefly  to  the  effects  of  artillery  on  fortifications  and  buildings  connected 
therewith, — its  powers  in  the  field  under  various  conditions  and  positions  being  foreign 
to  the  principal  object. 

The  information  whence  these  notices  are  derived  has  been  taken  firom  the  '  Aide- 
M^moires*  in  the  French  Service,  *  Journal  des  Sciences  Militaires,*  &c.;  Belidor,  &c. 
Several  nutes  have  been  forwarded  to  me  by  individuals,  and  are  included  ;  a  few  are 
my  own.  The  French  measures  and  weights  have  been  frequently  retained,  having  in 
some  instances  their  equivalents  given  in  English  terms. 

The  following  Table  is  the  result  of  the  experiments  at  Metz,  and  of  calculations 
founded  thereon,  according  to  Button's  Theory. 


*  By  the  late  Colonel  Emmett,  R.E. 
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PttttlratioB  into  Mtuanri/,  good  RiibiU,  tu  that  of  the  BtvtImetiU  at  MeU  eotulriieitd 
bff  VaaboH.     (4ide-Memoire  i  FUiage  df  Cfgidert  d'Artillerit.) 


J                              AiuDiaUnccKiIeMatGB. 

a                                                                                                                Enallih 

1 

Cbkrpi 

e       25    1    SO       100 

200    300    40O    eoo 

flOO  jlOOU  ofBh";. 
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lu.        n.. 

~m~ 

Hi          m         ni 
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16 

<>'LI0,0G80 

0-670  0  650 

0-^05 

0-565  j  0-530 1  0-455 

0-MO  0-310    6-''64°8' 

13  234 

6-00  0  650 

0-640  oei5 

il'STO 

0530;0-490'04I5 

0-310  0  275   5-808 

1323* 

*'00|  0-615 

0-605 !  0-580 

0-S3S 

0-495  1 0-400 

0SB5 

0  310  0-250       ... 

8-823 

U 

8-O0  n-S7fi 

0-565 IU-64S 

o-sit.-. 

0-465 ;  0425 

0  350 

0285|0-230      ... 

6-617 

soo'osio 

0500  0-4110 

0-440 

0-400,0-365 

D3II0 

0  2460-200      ... 

4-411 

1-&0' 11-410 

0-430|D-410 

0-370 

0-335  0-300 

0-2-15 

o-20o;oie5     ... 

3-309 

4-ftO;0'S70 

0-555 '0-530 

0-485 

0-445  1  0-405 

0-325 

0<265'0lg5    5-074 

8-823 

367  0'635 

06»|  0-51)0 

0-455 

0-415  0-375 

0-300 

02350-185      ... 

6-888 

16- 

2-00|0'495 

0  485 '0-465 

0-425 

0-38.S  0-S50 

0-275 

0-2I*-0-170      ... 

(-411 

1-33  0  435 

0-425  0410 

0-370 

0-330  0-235 

0-230 

0-185|0-160      ... 

2-94 

1-00  0  3B0 

0-370 ;  0  350 

o-ai» 

0  275  0-240 

O'lflO 

0155  0-130      ... 

2206 

2-liO'o-4BO 

0-470  0-445 

0-405 

0-370  0-330 

0-255 

0-195   0-155    4-610 

4-411 

IS. 

l-5»:O'450 

0-440 1 0-420 

0-380 

0'34O  10-300 

0-225 

0-175|0-N0l      ... 

3  309 

l'Dll>ll-39S 

0-385  0  365 

0-330 

0-290  0-255 

0-190 

n-155. 0-126       ... 

2-206 

0-75, 0-350 

n-341)  0-320 

0-2UU 

0-214!0-310 

0-I6o 

01350110,      ... 

1-654 

B 

1-25  0-405   03M  0375l0-3.15  O-SfloiOQHU 

0  190 

0-UO  0-105    4027 

2-757 

Ihe  aboTB  penetraUoni  mnltipUed  by 

1  -25  will  gire  tbe  psnetratiDn  into  muonr;  of  moderate  quality. 

X-7B  „  „  brick. 

0-46  „  ,,  oolitic  calcanoos  rook. 

1.  Shot  End  >t  ahort  diBtuices  from  the  w:&Il,perpeDdieiilar  toit,formeduiniJi>iiR«iV, 

the  eiterior  diameter  of  whkli  eqo&lled  6n  timei  tbs  di&meter  of  the  ibot, — the 
intenul  openiDg  beiog  i;;liiidneiJ,^«alteriDg  ipUnterB  to  a  dietaoce  of  40  or  SO 
metna,  and  forming  a  trajn  of  fragmeota  in  front  of  6  metrea. 
The  ihock  of  the  ahot  looaena  the  maaonry  to  a  diatance  one-hiilf  greater  than  the 
diameter  of  the  eiterior  of  the  opening,  being  for  tbe  21-pr.  =  1  '15  metre ;  fbr 
ths  16-pr.  =:-S0  ;  for  the  12-pr.  =  -SO. 

2.  Shot  fired  against  matonrrwith  a  charge  of  one-qnarter  their  weight,  uanal'y  break 

on  a  meridional  ptaae  of  wiiich  the  pole  is  the  strikiog  point.* 

3.  The  efiect  of  ahellB  on  masonry  in  little  ;  they  break  the  moment  of  atriking  itilb 

an  ordinary  charge,  and  with  lav  ehargea  male  bat  little  impreauon.t 

4.  By  the  trials  at  Meti,  it  appean  that  a  masonry  searp  may  be  breached  at  tbe 

distance  of  40  to  SO  metre*  by  oblique  Sre ;  with  a  charge  of  j  the  weight  of  the 
■hot,  at  an  angle  of  25°  to  30°;  and  with  that  of  |rd  at  an  angle  of  40°  to  IS*. 

5.  The  effeet  of  ahot  of  different  calibrea  in  breaching  is  nearly  proportional  to  thmr 

weight  (chargcB,  it  is  preauned,  bung  proportionate).]: 

■  Thka  reioarle  appllaa  to  sfaeUs :  whatfaer  hollow  shot  hare  been  Ared  agaltut  maaouty  t  am 
not  aware     The  B-incb  abell  welgha  from  41  to  44  tii. ;  theS-lnch  hollow  ihot  about  M  Sia. 

t  In  1810,  UHala  were  made  at  Olatz  with  Bhe1Iafr<KS  a  li-pr.  n^Dit  a  wall  of  cut  atoue  and 
briok.  welltjullt.  and  of  seTeral  yean' itandiDg :  the  wall  waa  IS  ft  long,  Thlnh,  and  4^  thick. 
Tb*  ehaige*  nrlcd  from  1}  lb.  to&iB».   Jn  enr;  Imiinoe  the  itaellwiu  completely  apllctered, 

1  foot  t  Incbea  to  3  feet  T  lacliea ;  but  tbe  wall  woa  noi  to  the  leutataakea  by  them  :  hut  a  ringU 
J4-1ba.  ihot  Bndfhiin  a  hnwitHr  with  a  cfamrge  ofl}  lb.  loDslbly  shock  UiawaJland  cracked  It. 
Tba  fuMS  of  Ibe  ibBll  would  hnig  find  the  chargei  alunit  half  the  luinbor  of  rounde. 
t  On  oomparing  tbe  niuaber  of  rotmda  sad  the  Urn*  reqnlslte  for  makiiig  brwulies  with  the 
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6.  The  heat  produced  by  the  ooncusnon  is  great,  partioolarly  when  the  shot  break. 
In  both  cases  the  lime  appears  to  be  partially  calcined. 

Experiments  at  Fori  Monro  Arsenal  {United  States)  in  1839. 


Calibre. 

Churge. 

elevation. 

Difltanoe. 

Mean  Penetration. 

Dressed    Potomac 

Granite.'  Freestone. 

1 

Hard 
Brick. 

Shot. 
32. -pr.  gun     .... 

Shell. 
8 -inch  sea-coast  howitzer 

lbs. 
8 

6 

1     0 
1  35 

yds. 
880 

880 

in. 
3-5 

1- 

in. 
12- 

4-5 

in. 
16-26 

8-6 

The  solid  shot  broke  against  the  granite,  but  not  against  the  freestone  or  brick. 

The  shells  broke  into  small  fragments  against  each  of  the  three  materials. 

The  drcumstanoes  attending  the  penetration  of  the  shot  and  shells  correspond  with 
those  above  stated  in  the  experiments  at  Metz.  The  walls  used  as  targets  were  built 
of  dressed  stone,  and  of  the  best  bricks,  laid  in  hydraulic  cement ;  but  being  isolated 
walls  (10  feet  square  of  each  material,  and  6  feet  thick,  with  8  counterforts),  and 
being  battered  before  the  masonry  was  perfectly  set,  the  effect  of  the  projectiles  in 
shattering  the  masonry  around  the  point  struck  was  greater  than  indicated  by  the 
experiments  referred  to  at  Metz. 

VABIOUS  B0T£8. 

-1.  Effects  of  a  long  24-pr.  on  a  scarp  of  columnar  basalt  of  the  Rhine,  generally 
raised  in  blocks  of  4  to  6  feet  by  8  to  10  inches  in  diameter,  —frequently  used  as 
headers, — distance  160  feet, — 

charge  of  10  lbs. — ^penetration  into  the  basalt  10  inches. 
„  4  lbs.  „  ,,  4  inches. 

Twenty  rounds  were  fired,  giving  the  same  results. 

2.  Bermuda  hard  limestone  walls  of  rubble  masonry  with  ashlar  facings  of  2'  x  1'  x 
1'  6",  being  an  old  lime-kiln.    At  40  feet,  three  rounds  of  a  32-pr.  of  9  feet 
6  inches  were  fired :  the  first  two  penetrated  6  feet  6  inches  each ;  the  third, 
entering  the  first  opening,  passed  through  the  wall,  which  was  8  feet  6  inches 
thick,  and  struck  the  opposite  side. 

8.  A  masonry  embrasure  was  ruined  at  176  yards  by  16  rounds  ft*oma  24-pr.,  10 lbs. 
charge, — and  another  in  20.     (Neither  place  nor  particulars  have  been  given  me.) 

4.  Effects  on  concrete. — A  magazine  built  at  Woolwich  for  the  purpose  of  experiment : 
span  of  arch  18' — ^rise  J. to  ^ — thickness  nearly  4  feet;  abutments  4'  6"  to 
springing  of  arch — thickness  7'  6"—dos  d'dne  on  the  arch.  Five  sheUs  were 
fired  at  46**  from  two  13-lnch  mortars,  distant  600  yards, — sheUs  loaded  with 
sand,  weighing  200  lbs.  All  struck  the  building, — two  only  fairly  upon  the  arch, 
which  they  penetrated  to  about  }rd  their  own  diameter,  pulverizing  the  concrete 
10  to  12  inches,  forming  craters  2  feet  and  2  feet  6  inches  diameter.  The  arch 
was  cracked  by  each,  vertically  from  the  side  of  the  crater — the  cracks  shewing 
themselves  throagh  on  the  soffit  of  the  arch.  The  two  struck  on  the  same  hori- 
zontal plane,  distant  4  feet  6  inches,  and  a  crack  was  made  between  the  two  craters. 

Two  shells  were  fired  at  76*  elevation ;  Uie  effect  of  one  on  the  rear  of  the  building 
was  similar  to  those  at  46* ;  the  other  entered  the  crater  of  one  of  the  firsts 
enlarged  it  to  3  feet,  and  pulverized  the  concrete  to  16  inches  deep. 

84-pr.  and  16-pr.  (Metz),  their  proportions  appear  to  be  in  an  inverse  ratio  to  the  weight,  being 
nearly  as  10  to  22.    In  both  cases  the  consumption  of  powder  and  of  shot  was  nearly  equal. 


96 


PENETRATION    OP    PROJECTILES. 


Two  diot*  fired  at  ths  abatmeots  from  a  24-pr.,  distant  SSD  yards, 

3  f««t  10  incbn,  forming  eratec*  3  feet  iliameter,  and  caatinj;  a  few  aplinten  to  a 
distaooe  of  40  to  £0  yardi.  Theie  likevin  cnclced  the  mus,  and  jadgmg  from 
the  efiecla  of  two  aliota  labMqiieiitlj  fired,  it  ii  probable  the  atoh  would  soon 
baTO  be«D  brought  down. 

It  is  to  be  remarked  that  ths  abntments,  bnilton  soft  ground,  had  settled  oonsiderablj, 
and  split  the  arch  along  its  entire  length,  fanning  n  crack  ^  inch  open—thii 
before  trial — and  that  the  oonorete  was  not  iij. 

5.  At  the  si^e  of  Landan,  on  a  magaiine  of  Vanban'a  construction,  upwards  of  BO 
shells  fell  withont  doing  i(  any  damage;  the  same  oocnired  at  AUi  and  other 
places.  At  that  of  Toumay,  npwarils  of  45,000  shells  were  thrown  into  tho 
ciUdel,  of  which  the  greatest  nnmber  fell  on  two  similar  magaiines,  semiorcnlar 
arches,  as  at  Landsn,  without  doing  them  any  damage ;  whilst  two  aoiitemina 
arched  eniieri  point,  and  coTertd  over  for  40  years  with  S  to  6  feet  of  earth, 
were  tnfanef.     All  Yauban's  have  stood  withont  failure. — {Bdidor.) 

0.  At  the  siege  of  the  Caatls  of  Scylla  in  ISOS,  a  battery  of  field-gnni  was  placed  in  a 
position  to  bear  into  the  embiaanies  of  the  cswmatvs,  out  of  view  of  the  arlitlarj 
of  the  castle.  On  the  fall  of  the  oastle,  the  effects  of  the  fire  exhilnttd  by  the 
indentatjons  of  the  walls,  and  other  marks  of  deetructioD  and  slaughter,  prored 
that,  imder  the  umal  oonitmction  of  the  embrasure,  casemates  would  be  ontenabls, 
if  eipcaed  to  direct  fire. — {Jona.)  (Ree  article  '  Breach,'  toI.  i) 
Ptt>ttnai<mt  in  ieltUd  Ormaid,  half  Clay,  hat/  Sand. 


Distances  in  Metres. 

St. 

Dtsni 

OhsTje 

Shot 

Cliuf 

25 

50 

lUO 

300 

300 

400    600    800 

1000 

at 
Shot. 

d«poi* 

^ 

„, 

~m~ 

~nj~ 

~m~ 

"m" 

ischoi 

Ac. 

36 

6-ob 

2-77 

2-70 

2-60 

2-*7 

JaV 

2-27  2-09  1-92' 177 

13  234 

600 

3-7S 

2-67 

2-53 

i-i\ 

214 

2'02  1-94,168  1-54 

13-234 

4  00 

2-55 

2-48 

2-35 

2- IB 

206 

1-9B  1-78   162' US 

8  823 

24 

a'Oo 

2'a5 

2-29 

2-20 

2-07 

197 

I'BB  l-7l!l57 

1-45 

6617 

■2-00 

2ia 

2-09 

2-03 

IU2 

1-83 

1-75  1-59 

1-45 

1-33 

4411 

l-io 

194 

1-90 

1-84 

i-7i 

I  67 

1-60 1 116 

1-32 

1-20 

3-309 

4-tiO 

2-40 

2-31 

2-18 

1-97 

IS3 

Ha;  1-56 

14a 

1-28 

8  823 

3-67 

2'2<' 

2-12 

2-02 

1-87 

176 

1-67.1-42 

i;i8 

1-25 

5-888 

Ifi 

2-O0 

2-05 

1-99 

1'9I 

1-77 

169 

I-ei  i  1-4? 

1-S3 

1-20 

4-411 

)-3S 

1-85 

1-80 

1-73 

1-65 

1-57 

1-60  1-36 

1-24 

113 

2-94 

1-00 

1-69 

1-66 

1>62 

1'54 

147 

1-40 'l-2B 

1-ie 

105 

2-30B 

13       • 

2-00 

1-65 

I -61 

152 

1-39 

1-29 

1-2311-09 

0-98 

0  89 

4-411 

I'fiO 

1-54 

I'fiO 

1-42 

1-32 

1-24 

M7'l05 

0  95 

o-sa 

5-309 

1-110 

139 

136 

1-29 

12-2 

I-IJ 

109  0  98 

0-K9 

C82 

2208 

0-75! 

1-27 

1-24 

1-20 

1J3 

106 

l-Ol  0'92|0-84 

lila 

1-6M 

8 

125 

1-43 

1-33 

1-32 

1-19 

I-IO 

1-03  0-90  |0  81 

0  73 

2757 

BoKiMn 

200 

l-SS" 

1-20* 

MS* 

I -06 

0'9S 

090  0-77 

0-68 

OSS 

8-661 

4-411 

SS'.    ■ 

1-.W 

109- 

106 

103 

C-94 

086 

0-79  0-69 

0-65 

3-309 

I '00 

0-88 

0«6 

0  8-2 

0-7S 

0-ro 

0-66  0-68 

frS3 

0  49 

2-206 

O'KO 

0-58 

0-57 

0'5S 

0-S3 

0-ii 

049  U-4.t 

042 

1103 

I'SO 

laf 

I-30' 

134 

1-14 

1-04 

0-95  0-78 

C64 

e'299 

3-309 

16'.      . 

1-00 

1-15 

1-12 

i'll8 

0-9B 

d-BS 

0-81   0  67 

0S7 

050 

2-206 

0-75 

]'01 

0  98 

a'94 

0-B5 

0-73 

071   0  60 

0-52 

0  4fi 

I'65t 

2*',     ■ 

100 

M3- 

1-04' 

D-U3 

083 

074  0-59  0-4fl 

U-41 

6-906 

2-306 

0-50 

O'BS 

0-B2 

0-78 

O70 

0  63 

0-57  046,0-39 

0-34 

5906 

M03 

12'. 

027 

0-69 

0-67 

0-63 

ofis 

0-49 

0-44  0-37  0  31 

0-26 

4724 

■595 

WaU-S 

D'OlO 

0-26 

0-27 

0'3'2 

0-15 

O'll 

0-08, 0-04 

0008 

0-30 

0-28 

0-24 

0-19 

0-IS 

0-1  a  1 0-08 
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tfott. — Atths  dperimanli  &t  MeU,  aflar  breachiog  the  mMDory  with  Sl-pn.  at  ■ 
diibuice  of  31 '9  metres,  elieUi  were  Gred  ftom  the  21-pn.  Aod  from  S-uich  hoiritierB, 
to  rue  the  panpat.  The  effect  of  the  former  vu  tbtj  inftrior  to  that  of  the  Iftttra'. 
Of  the  S -inch  shelly  eighteen  were  fired  loaded  with  44  Iba.,  2'2  Iba.,  and  S'Ss.lb 
ehorgea  (Bugliah).  Of  thes^  sixteen  bunt  Id  the  p&rapet  with  gie&t  effect  Frerioo* 
trials  had  shewti  that  with  >  higher  charge  the  ihelli  iplit  in  strikiiig  sand.  Tha 
pATapet  was  reduced  to  2  feet  in  Ihlckneii,  and  the  firing  disooDtiniied. 

With  high  charges,  and  at  ibort  distance!,  sheUs  uften  iplit, — marked  Urn*  (*)  in 
the  preceding  Table. 

Peuttratioiu  in  oihtr  BarAi,  oblaintd  hy  multiplying  Ac  above  iuun(«rt  by  fAa 
foUmeiitg  /atfori; 

Sand  mixed  with  graTel 0'63 

Earth  mixed  with  land  and  gnrel,  wdghing  aboie 

twice  that  of  waler  O'ST 

Settled  Tegelable  sail,  a  made  gronod,  sand  tod  da;  .     I'OB  ' 

Hnmid  stiff  clay 1*44 

Earth  lightly  Bsttled I'SO 

Earth  recently  rem  OTcd 1-80 

Sand,  a  sandy  gnmnd  mixed  with  gnrel,  small  sUine,  and  chalk,  naist  ahot  betlet 
than  rtrong  clayey  gronnd,  or  that  which  imtnbes  and  retains  water. 

When  earth  is  softened  by  long  rains,  or  the  melting  of  snow,  ahills  penetrate 
nearly  doable  the  distance ;  the  fuea,  if  not  driren  home,  are  generally  broken,  and 
at  Umes  the  shsU  is  broken  at  the  fiiie'holc. 

Ptntlraliotn  afSkcUi  in  Earlh,  Wood,  and  XaMnry. 


_. 

Bntlod  Earth. 

DsIcWddJ. 

Dfgcnldi(U.lity?] 

22'. 

2;=.i32'. 

22:  ^2T.  laa. 

22'. 

m:  32'. 

>-AI\ 

J'iS'O-SO 

™-io 

)'20  0-22 

lM>ft 

J-OB  >"10 

3-65  0-70 

>n 

1-30  0-35 

IMIK 

hiaS-M 

vm 

3  ■50  0-SS 

>15 

>-25.0iT 

f>-f.R 

HOlO'll 

V40 

IV'Jl) 

0-33  to  «7 
0-aS  lo'40 

)-14  016 

60       1 

vr.n 

a-rs;o-ao 

n-n 

0'11 

)-15  0-lU 

1200 

:i'fifl 

J-80  0«5 

)-ie  0-17 

Under  the 

I 

r™. 

crtii 

3-a5,O-&0'O-25 

1-35  0-40 

f)-l2 

3-17  0-18 

ufdesccut 

1 

1    i 

1 



1 

22  centimetree  =  8-661  inches  English ;  27  =  10-S30 ;  32  =-  12i99. 


1.  A  battery  of  24-prs.  in  breaching  earthwork  at  600  metres  will  com 

three  to  four  times  the  ammunition  required  at  40  metres. 

2.  By  eiperiment  in  Silesia,  four  slielU  of  6  po.  1  Ug.,  and  twenty-two  of  24 

with  fall  cliarKe,  formed  a  breach  ia]  an  earthen  ramport,  hiiiing  n  alo 
from  the  Tertical,  at  a  distance  of  1 25  metrca,  of  8  feet  wide  at  the  sui 
24  feet  at  tlie  Iibbc 
S.  Penetration  of  abells  Greil  at  4S°  eleTstion  into  a  firm  earthen  parapet : 

Bj  inches  at    600  paces        .         .         .     0  inches. 

6)     „  SCO    ,,      .  .     .     1  foot. 

G      „  2S00    „  .         .        .     2j  feet. 
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i.  At  StrMbnrgh,  tiiMC  12-inch  shellB,  ItnJeil  with  13  na.,  wen  Imiied  in  Btrong 
Mith  at  the  followiDG  depths  ; 

4  fe«t  deep — the  lUamcUr  of  the  entanDoir  was  S  feet. 
8        ,,  ,,  „  lafect. 

7        „    .  „  „  ISfuet. 

f.  At  Qlati,  ftverj  firm  earth worlc,  13  fmt  thick  and  15^  high  in  front,  wu  nb- 
jected  to  the  fin  ef  G|-inch  ahcUi  from  24-pn.  tt  thedirtuunof  SOOpacM; 
ehuge,  5Iba,  ;  banting  charge,  13  ni.  After  100  ronnds,  of  which  83  bunt  ia 
the  parapet,  an  acceasible  breach  vns  made  ;  ami  afler  2'20  more  niondi^  of 
which  93  hunt  in  the  parapet,  all  covci  was  dcstrojed.  It  was  thenea  con- 
cluded that  200  touails  of  .'IJ-iDch  aiiella  waald,  ander  Bimilar  cinnmstances, 
form  a  bnoch  13  falhomH  long. 
0,  A  Geld-battery,  12  feet  ttiick,  haring  throe  embrasnrea  and  diteh  in  front,  was 
tendered  Dnl«nable  by  100  rounds  from  a  l^-pr.  howitzer  at  COO  paces;  S9 
shells  bnrat  in  the  parapet. 
7.  At  Berlin,  in  1S02,  han-lticrs  of  10  n>9.  and  7^«.  were  phuwd  on  a  glaeis  betor« 
the  face  of  a  bastion  of  in\xei.l  enrlh  nhich  had  hecn  oiinstmctcd  twenty  jear^ 
0  ascertain  penetration,  and  wlictUer  the  fuics  woold  ignite  the  charge  of  the 
■hells.  The  penetration  Taricd  from  2  to  3  J  feet  with  a  ch.irge  of  2t  for  the 
10  Its.,  and  from  1  foot  to  2|  for  tlic  7  livres  with  IJ  tb.  charges.  In  each  case 
the  fuses  would  have  fired  the  powder  half  the  number  of  ronndg. 

JUtulU  of  Exptr!nu-nU  at  SI.  Oraei- ,n  1703,  and  at  La  Ptrt  lit  1817. 
rararnl  of  recant 


With  the  Drdlnary  chugs. 
FUMGunt. 

4-pr.      .         . 


Eitrem 


Sitge  Guiu, 
16-pr. 
24  „   , 

Grihwraiars  Howi 
chamber  full     . 
At  80  metres    . 
With  tlie  chMjTo  tqm 
•night  oC  sliul  at  40  u 
IS-pr. 
24  „   . 


^wli  of  Shelh  landed  v'Uh  Sfrcice  Charge. 


Hnwilm™  of 

lIortuHot 

12'. 

IS'. 

IC. 

.2.. 

22'. 

27'. 

35<, 

1? 

22 

!1 

. 

S3 

. 

12 

14 

19 

17 

■2S 

23 

\& 

22 

ITnmber  of  splinten  (sxerage) 


1.  On  unking  into  the  grannd  nnd  bnrtting,  the  cnlonnoin  a 
three  times  the  depth  io  diameter.     With  Email  charges 


*  The  centtmctro  1»  0 


Ccn.  £.  ins.* 

12   -  4-721 

IS   -  B-D08 

10  -  6-299 

22   =  8 '881 

27  -  10C30 


32  = 


12'fil 
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2.  Splinters  are  often  thrown  to  a  distance  of  600  to  800  metres. 

8.  The  efifects  of  yery  large  ehella  are  less  in  proportion  than  their  weight. 

Penetratwns  into  Odk, 


Shot. 

Charge. 

k. 

36 

6-00 

' 

6-00 

400 

24       . 

300 

200 

Distances  in  Metres. 


25       50 


16 


12 

8 
UowUurs. 

22«. 

16«. 

15c. 

12e. 

BaUs. 
Wall- 
pieces, 


1-50 
4-00 
2-67 
2-00 
1-33 
1-00 
200 
1-50 
100 
0-75 
1-25 

2-00 
1-50 
100 
0-50 
1-50 
1-00 
0-75 
1-00 
0-50 
0-27 

0010 
0-008 


m. 
1-66 
1-60 
1-50 
1-41 
1-25 
108 
1-39 
1-30 
1-21 
107 
0-94 
M7 
MO 
0-96 
0-86 
1-00 

072 
0-59 
0-41 
0-23 
0-84 
0-70 
058 
0-70 
0-48 
0-38 

0-085 
0090 


100 


200 


300 


m. 
1-G3 
1-56 
1-47 
1-38 
1-23 
106 
1-35 
127 
118 
105 
0-92 
M4 
1-07 
0-94 
0-84 
0-97 

0-70 
057 
0-39 
0-22 
0-81 
068 
0-56 
0-68 
0-46 
0-36 

0080 
0  085 


m. 
1-58 
1-50 
1-42 
1-33 
M8 
1-02 
1-29 
1-22 
M3 
1-01 
087 
1-09 
1-02 
090 
0-79 
0-92 

0*66 
0-53 
0-36 
0-21 
0-77 
0-64 
0-52 
0-64 
0-42 
0-32 

0065 
0075 


m. 
1-48 
1-39 
1-31 
1-23 
1-09 
0-93 
M8 
Ml 
104 
0-92 
0-78 
0-98 
0-93 
0-81 
0-70 
0-82 

0-57 
0-46 
0-32 
0  21 
068 
0-55 
0-44 
0-55 
034 
026 


m. 
1-38 
1  29 
1-21 
M4 
100 
0-85 
108 
1-02 
0-95 
0-83 
0-70 
089 
0-84 
0-72 
0-62 
0-73 

0-49 
0-40 
0-29 
019 
0-60 
0-47 
0-37 
0-46 
0-28 
0-21 


400 


0 045  0027 
0-057 1 0045 


m. 
1-29 
1-20 
M2 
105 
0-92 
0-77 
0-99 
093 
0-86 
0-75 
0-62 
0-81 
0-76 
0-64 
055 
0-65 

0-42 
0-35 
0-26 
018 
0-52 
0-40 
0-32 
0-38 
0-24 
018 

0-018 
0035| 


600  I  800 


m. 
1-12 
1-02 
0-95 
088 
0-75 
0-62 
0-81 
0-76 
0-70 
0-59 
0-49 
065 
0-60 
0-49 
0-42 
0^ 

0-33 
0-28 
0-22 
017 
0-38 
029 
0-25 
0-26 
0-19 
015 


I  m. 
,0-95 
;  0-85 
10-78 
0-72 
0-61 
0-50 
0  65 
0-60 
0-55 
0-45 
0-38 
0-50 
0-46 
038 
033 
0-35 


0-27 
0-24 
0-20 
0-16 
0-30 
0-23 
0-21 
0-20 
0-16 
0-12 


0-008 
0025 


1000 


m. 
0-80 
0-70 
0-63 
0-58 
0-49 
0-40 
0-50 
0-47 
043 
0-36 
030 
0-37 
034 
0-29 
0-25 
0-27 

0-23 
0-21 
0-19 
015 
0-25 
0-20 
018 
016 
0-13 
0-10 


For  diameter  of  shot  and  charges,  in  English,  see  former  Tables. 

Multiplien  for  the  following  Woods, 

Beech,   ash 1*0 

Elm 1-3 

Fir 1-8 

Poplar  . 2-0 

In  oak,  the  fibres  laterally  separated  by  shot  immediately  close,  leaving  scarcely  an 
opening ;  but  the  rent  is  often  2  yards  long,  and  the  splinters  are  thrown  to  the  dis- 
tance of  from  12  to  15  metres. 

In  fir,  all  the  fibres  are  completely  broken,  but  the  only  efifect  produced  is  the  Toid. 

VARIOUS  NOTSS. 

1.  A  24-pr.  shot  at  175  paces,  10  lbs.  charge,  went  through  two  rows  of  baulks  with 

2  feet  9  inches  of  rammed  earth  between  them,  and  penetrated  6  to  12  inches 
into  a  wall  behind. 

2.  An  Austrian  24-pr.  shot^  with  the  ordinary  charge,  passed  through  a  soft  wood 

wall,  cramped  with  iron,  9  feet  thick.     In  a  mass  of  12|  feet  thick,  the  pene- 

H  2 


100 
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iration  was  from  9^  to  10  feet ;  and  with  a  cbarge  of  9}  lbs.,  10|  feet  deep. 
51"  shell  from  a  24-pr.  gnn,  with  a  charge  of  4 4  lbs.,  entered  2^  feet. 
8.  Experiment  in  New  York  Harbour,  in  1814  : 

Penetration  in  a  Target  of  White  Oak  Timber  5  feet  thick. 


Onn. 

Charn^e. 

Distance. 

Penetration. 

Remarks. 

32-pr. 
Do. 

lbs. 
11 

11 

yards. 
100 

150 

inches. 
GO 

54 

shot  wrapped  with  leather 
to  destroy  windage. 

4.  Two  oak  walls,  13  feet  high,  27  inches  thick,  and  50  feet  apart,  were  battered  at 

800  paces  with  9-inch  shells.  All  passed  through  the  first,  and  some  reached 
the  heart  of  the  second  wall,  and  bursting,  ripped  off  the  lining  of  the  neighbour- 
ing portions,  making  rents  of  4  to  5  feet  long  on  both  sides  of  the  walL 

5.  Effect  on  coyered  Batteries  (Dublin  Note). 

a.  Battery  16'  x  lO'  in  the  clear — joists  4  feet  from,  centre  to  centre — bearing 
between  sills  10  feet — pUnk  12**  x  6",  Uid  flat,  covered  with  clay,  a  layer  of 
ffiscines,  and  3  feet  of  earth, — received  at  600  paces — 


One  U-inch    „    and  2  of  „   at  45"      „         |  '"»"'°*  '^<'°»  "»^- 
h.  Covered  Mo^p:  Battery  in  1822. — Sills,  joists,  and  covering  baulks,  12'  x  12* 

— stanchions  T  8'  apart — ^joists  same  distance — 9  feet  wide  in  clear,  having  an 

earth  covering  of  5  feet. 
Three  11 -inch  shells,  with  54 lbs.  bursting  charge,  were  buried  3  feet;  nearly 

all  the  joists  were  broken,  but  the  covering  baulks  were  not  injured. 
An  11 -inch  shell  (5  lbs.  charge),  laid  on  the  earth  covering,  shattered  a  covering 

baulk,  and  made  a  crater  of  9  inches  diameter,  but  did  not  damage  the  joist. 

Shells  with  3  or  4  lbs.  did  not  damage  the  baulk. 
The  stanchions  were  lined  with  3-inch  plank,  and  when  three  11 -inch  shells,  with 

5  lbs.  chiirge,  were  burst  within  the  battery,  the  supports  were  so  crippled  as 

to  be  unequal  to  bear  the  weight  above.     With  3  or  4  lbs.  the  damage  was 

very  great. 
c.  At  Antwerp,  in  1832,  a  covered  mortar  battery  stood  proof  that  was  struck 

with  several  shelU — length  18  feet,  breadth  12  feet ;  having  five  stanchions 

in  the  length  of  16"  x  8" — with  8-inch  framing — covering  beams,  spars  of 

6"  x  7" ;  then  three  layers  of  fascines,  and  3  to  4  feet  of  earth. 

6.  In  Silesia,  in  1810,  a  shell  of  6  p.  1  lig.  6  ps.,  fired  from  a  howitzer  at  330  metres, 

with  a  charge  of  24  lbs.,  against  a  blockhouse  334  ^^^  long,  19|  feet  wide,  and 
6f  fl.  high,  penetrated  the  wall,  and  filled  the  interior  with  smoke,  insuppoiiable 
for  six  minutes,  though  the  door  and  loopholes  were  open :  shell  loaded  with  23  oz. 

7.  In  1778,  a  blockhouse  at  Schweidelsdurf  was  twice  attacked  without  success  : 

2  guns  and  1  howitzer  were  brought  against  it, — the  first  had  little  effect,  but 
the  howitzer  set  it  on  fire. 

8.  Blindages  at  Ciudad  Bodrigo,   when  occupied  by  the  French,  placed  against  the 

interior  wall  of  ram  {arts,  or  other  substantial  walls  ;  formed  of  oak,  18  feet 
long,  8  inches  square,  20  to  22  inches  from  centre  to  centre,  placed  on  a  sill 
6  feet  from  the  wall,  their  heads  let  into  the  wall  ;  covered  with  3-inch  elm 
plank  :  a  few  of  the  blindages  were  injured,  but  none  burst  into  by  shells. 

9.  At  the  attack  of  Dresden,  in  1813,  by  the  Allies,  two  redoubts  on  the  left  bank 

of  the  Elbe,  in  advance  of  the  stockade  covering  that  part  of  th^  city,  wers 
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earned  ;  bat  the  stockade  (tpparentlj  constracted  of  nnsqnared  wood,  tninki 
of  trees),  thoagh  partially  injured,  was  nowhere  breached  bj  their  artillery. 
(Bogniat.) 

Effectt  of  Shot  and  Shells  offaintt  Shipping, 

1st.  Results  of  practice  at  the  'Prince  George,^  to  try  and  compare  the  penetration 
of  single  shot  from  1131.8.  'Excellent^'  in  October,  1838. — Portsmouth  Har- 
bour.    Distance  1200  yards. 

18-pr 6  lbs.  charge;  penetration  =  25}  inches  arerage* 

24-pr.  of  9  feet  6  inches,         .     8  lbs.    ,,  ,,  z=  30 

82-pr.  of  7  feet  6  inches,        .     6  lbs.    „  „  =  30 

32-pr.  of  9  feet,       ....     6  lbs.     „  ,,  =30 

82-pr.  of  9  feet  C  inches,         .  10  lbs.  11  os.  „  =  34 

68-pr.  of  9  feet,  or  8-inch  gun,  12  lbs.     „  ,,  =35 

„ 10  lbs.    „  „  =85 

^'L^"^' :'"'':  I  •  «**»-'.       "     -30 

Mem. — It  is  impossible  to  trace  with  accuracy  the  penetration  of  shot  in  the  sides  of 
a  vessel,  but  it  appears  to  increase  with  the  weight  of  the  shot.  The  destmo- 
tive  effects  of  the  larger  calibres,  the  8 -inch,  must  exceed  those  of  less  sixe. 

2nd.  Results  of  practice  with  live  shells  against  the  '  Prince  Ckorge,*  from  H.M.S. 
'  Excellent,*  moored  at  1200  yards,  in  Noyember,  1838  : 


Calibre. 

Weight." 

Length 

Charge. 

Elevation.      Penetration. 

68-pr. 

65cwt. 

9  feet 

8  lbs. 

8ff*       =  35  mean. 

»» 

i» 

»» 

10  lbs. 

2}         =  31  nearly. 

»f 

»» 

}) 

12  lbs. 

22         =  28  one  round  only. 

32-pr. 

40cwt. 

r  6" 

6  lbs. 

2J         =  21i  mean. 

»> 

41  „ 

8  feet 

6  lbs. 

2J         =28 

Of  16  rounds  from  the  68-pr.,  9  exploded  in  the  vessel. 

Of  14      „  „       32.pr.,  5         „  „ 

Cases  selected.     68-pr.,  or  8-inch  gun. 

Round  2  penetrated  18  inches  in  good  wood  through  the  ship^s  side,  close  to  the 
after  part ;  exploded  instantly :  the  pieces  of  the  shell  tore  down  the  cabin  bulk- 
heads, which  made  an  immense  number  of  splinters  ;  a  piece  of  the  shell  cut  in  two 
an  iron  saddle  3  inches  in  diameter. 

Round  4  penetrated  through  the  ship*s  side  at  the  orlop  deck,  in  good  wood,  28 
inches  ;  cut  off  the  foot  of  a  strong  rider  24  inches  in  thickness,  completely  shatter- 
ing  the  remaining  part  of  the  rider,  and  drew  out  three  large  copper  bolts  from  the 
ship's  side  ;  exploded  and  cut  through  a  plank  in  the  deck,  made  several  large 
splinters,  thrown  to  a  distance  of  20  to  30  feet,  and  pieces  of  the  shell  were  found 
in  several  parts  of  the  orlop. 

Round  7  tore  out  the  whole  of  the  lower  port-sill  from  aft,  24  inches  thick,  and 
all  sound  wood  ;  crossed  the  deck  and  struck  off  the  lower  part  of  a  solid  oak  knee, 
16  inches  thick,  and  shattered  the  remaining  part  of  the  knee  7  feet  in  length,  re- 
bounded from  thence  on  the  deck,  tore  up  two  planks,  exploded  and  tore  up  all  the 
cabin  bulk-heads  left  standing  after  round  2. 

Round  9  penetrated  through  the  ship's  side  into  the  orlop  deck,  in  fair  wood,  28 
inches ;  exploded,  cut  a  strong  oak  knee,  1 5  inches  thick,  into  two  parts,  struck  and 
shattered  a  strong  knee  adjoining,  sending  seven  large  splinters,  torn  off  the  knees, 
on  the  opposite  side  of  the  deck.  Fu2e  and  pieces  of  shell  scattered  in  various  di- 
rections in  the  orlop. 
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Bound  12.— 32-pr.  of  6'  6",  32  cwt.  5  ttw.  charge,  penetrated  the  ahip'e  tida 
below  the  water  13  inches,  in  good  wood,  and  lodged  behind  a  rider :  the  shell  did 
not  explode,  but  made  an  opening  in  the  side,  into  which  the  water  mahed  with 
force,  and  in  such  a  position  that  the  carpenters  present  said  it  would  have  been 
impossible  to  have  pluggeil  or  stopped  the  leak. 

Bound  13.— 32-pr.  of  7'  6",  40  cwt.,  6  lbs.  charge,  penetrated  at  a  port  timber,  in 
good  wood,  2  feet  thick  ;  exploded  instantly,  blew  out  a  large  piece  of  the  port 
timber,  making  several  splinters  :  the  aperture  made  with  this  shell  was  very  great. 

Previous  to  the  practice  from  H.M.S.  'Excellent,'  in  1824,  experiments  were 
made  at  Brest  with  Paixhan's  guns  against  an  80gun  ship,  the  * Padficateur  : '  the 
results  in  both  cases  were  similar ;  and  the  Committee  of  French  Officers  gave  their 
opinion,  officially,  that  no  vessel  whatever  could  hold  out  against  a  battery  so  armed 
at  a  distance  of  300  to  500  toises.  They  also  remarked  that  the  risk  of  fire  in  a  ship 
equipped  for  service  would  be  very  great,  owing  to  the  large  quantity  of  cordage,  &o.y 
and  the  removals  of  ammunition  in  action. 

In  1845  a  series  of  experiments  was  made  at  Portsmouth  from  H.M.S.  '  Excellent,' 
against  the  'Swiflsure,*  at  the  distance  of  1443  yards,  with  results  faTonrable  to 
their  application.  In  several  instances  the  shelb  exploded  on  striking  the  side  of  the 
vessel,  making  breaches  which,  on  or  below  the  water-line,  could  not  have  been 
securely  stopped  at  sea.  Of  those  shells  two  struck  within  a  few  feet  of  each  other, 
making  a  brexich  of  upwards  of  11  feet  in  length,  and  varying  in  breadth  from  24  to 
4,  independently  of  greatly  damaging  and  splintering  the  timbers. 

The  extreme  range  of  shot  fired  en  ricochet,  full  charge,  with  1  i*  to  2°  elevation 

on  smooth  water,   is  nearly  equal  to  that  obtained  from  the  same  gun  fired  at  5* 

elevation. 

Effects  of  JUd-hoi  Shot. 

The  use  of  shells  will  supersede  in  a  great  measure  that  of  red-hot  shot^— still  the 
latter  may  be  occasionally  of  great  service.  The  fuze  for  the  shell  is  sufficient  for  % 
range  of  2400  yards,  but  the  red-hot  shot  will  have  effect  at  the  extreme  length  of 
its  range.  After  striking  water  several  times,  the  shot  would  still  set  the  wood  on 
fire.    A  temperature  of  SOO"  (barely  dull-red  heat)  will  suffice  to  inflame  wood. 

On  the  expedition  against  New  Orleans,  1814-15,  an  American  schooner  was  set  on 
fire  by  a  battery  of  field-guns  (6-pr8.  or  9-prs.)  after  a  few  rounds,  and  blew  up. 

The  actual  effect  of  red-hot  shot  on  the  floating  batteries  at  the  siege  of  GKbraltar 
is  not  sufficiently  satisfactory  ;  and  it  is  alleged  that  their  danger  would  not  have  been 
great,  had  D^Ar^on  been  allowed  time  to  complete  them  according  to  his  original  plan.* 

It  is  stated  in  documents  procured  at  Madrid  by  the  present  Earl  of  Cathcart, 
during  the  Peninsular  War,  that  the  floating  batteries  were  set  on  fire  by  the  Spaniards 
themselves,  to  prevent  their  falling  into  our  hands ;  and  that  but  one  instance 
occurred  in  which  the  red-hot  shot  had  taken  full  effect,  f 

Effects  of  Shot  on  Cast  Iron, 
This  material  cannot  be  used  when  exposed  to  shot  or  shells  without  great  danger 
to  the  defender,  and  from  its  own  qualities  is  but  ill  adapted  to  works  of  defence. 
1st.  Shot,  fired  with  a  velocity  of  140  metres  per  second,  split  into  many  pieoei, 

and  scatter  splinters  with  some  force. 
2nd.  A  moss  of  cast  iron,  1  metre  square  and  '30  metres  thick,  was  split  by  shot 

fired  with  small  velocity. 
3rd.  A  platform  (ch&ssis  d'affdt  de  c6te),  of  greater  dimensions  and  weight  than  usnal, 

*  See  D' Arson's  exphination  of  tho  causo  of  the  failuro. 

t  Tho  new  liquid-firo  sholli  are  far  more  effective  than  hot  thot-^JEi. 
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wu  broken  ia  nraisl  pU««gi  b;  a  einglft  ibot  of  8  Ibe,  vith  s  reloetty  of  150 
metrea  pec  Becoiid. 

Effeai  of  Shot  on  Itad. 
In  pecetrnting  a  mass  of  lead  with  a  velocitj  of  ^25  metres,  shot  break,  but  nuke 
no  eitemal  aplintGii.     Tiie  opening  made  is  eufficieutlj  large  to  alloir  on  eu;  iritli- 
dnlTal  of  the  shot. 

Ptntlratioa  in  ataowparapa  20  ftet  thici,  AiyklJy  rammtd,  and  vrith  tame  frt^- 

taeiUt  ofiei,  on  the  Si.  Lawrtnce,  oppoi'dt  Montreal,  ia  Fe1>ntanj,  18*0. 

Sereice  Charga. 


K*„«...l 

R.u^. 

Onatort 
penatniUon. 

BOIAKU 

z. 

Hnaket-b«U 

yurts. 

tiOO 
600 
CO 
75 
100 

8     0 
4     6 
3    0 
2     7 
2     4 

A  S-pr.lbot  etrikiug  agumt 
a  ftagmcnt  of  ice  vai  broken 
into  four  pieeea. 

^eeli  of  Mualtlri/. 

1.  The  French  mnaket-btdl,  from  a  distance  of  22  metrea,  penetratea  a  gabtim 
BUed  irith  tap  Gucines  '50  metre,  and  that  of  the  fiuU  dt  remparl,  SO.  A  rolling 
gabion  filled  vitb  fasciuea  ia  proof  againat  thefiuii  de  remjiort  at  15  melirei. 

2.  The  penetration  of  nmaket- balls  into  woolaacks  ia  double  that  into  lettled  ground. 
8.  Masket-proof  shnttera, — 

Of  deal,  3  inches  thick,  eorered  on  one  aide  with  rolled  icon  J  inch,  are  proof 
against  a  cavalry  carbine  at  10  to  II  yards ;  but  with  double  cartridge  the  ball 
passed  through. 
With  iron  of  j  inch  on  both  sides,  the  abutter  woa  proof  ogBinst  a  double  charga. 
In  tiiola  with  the  ordinary  firelock,  rifle,  aad  carbine,  the  latter,  with  double 
charge,  gaie  the  greateat  ponetration. 
1.  In  battle,  it  hoe  been  colcolated  that  five  rounds  per  1000  take  effect ;  and  of 
krtillery,  10  in  100  rounds. 

Penetration  e/LeadcnBalls—EjcptnnienUmadeatWal  Point  (,UnUedState»)inl%37. 
Pcnttratiun  i«  tiKUontd  While  Oai. 


w 

Dl.u™inY=,^ 

Ituinxa. 

34      0      £0 

100    150  i  200 

300 

MmJtet        1 

Common  rifle 
Hall's  riQe 

134 
125 
80 

70 

In.      in.       in. 

2-00  l-(iO  1-4S 

1-60    ".'.       '.'.'. 
9-10  I'SO  1'43 
112  1 'TO,  0-63 

I-'  o-oejo-ss 
o'-B*  o'-as  o''2B 

0-63  0-40  0  01 

in. 
Of 

•X  boll  in  10  imbedded. 

+  Indentation  0'2  inch. 
I2ballsm]0[mbedded 

The  mnsket,  fired  at  9  yarda'  diatanee,  with  a  attarge  of  134  grains,  1  ball,  and 
S  buck-shot,  gave  for  the  ball  a  penetration  of  1-15 )  buck-ahot,  0'41  incb. 

ADDITIONAI.    REMARKS. § 

Breaching.     Under  the  article  'Brcatli,'  the  Meti  exi-criinenla  have  been  already 
leferred  to  ;  but  as  they  are  llie  moat  cotopleto  cit>eriuicnte  directed  Ui  that  object 

i  D;  U^ar-Ocncrol  Fcrtlock,  R.E,  F.as. 
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on  reoard,  it  seems  desirable  that  the  result  should  be  stated  in  snch  detail  as  will 
permit  of  their  application  as  a  datum  of  comparison  for  the  operation  of  breaching 
generally. 

The  mode  of  breaching  which  the  Metz  Committee  deduce  from  the  experiments 
ooght  to  be  known  and  considered  in  a  comparison  with  any  other  resulto. 

In  practice  before  an  Enemy,  the  difficulties  of  following  out  cAsely  definite  prin- 
ciples may  be  great ;  but  the  object  ought  at  least  to  be  to  approximate  to  them. 

1.  The  breadth  of  the  ditch  and  covert- way,  the  height  of  the  counterscarp  and 
crest  of  the  coyert-way,  the  height  of  the  scarp,  and  thickness  of  the  parapet,  should 
be  carefully  ascertained. 

From  these  data,  reduced  to  a  profile,  it  will  bo  easy  to  determine  the  height  of  the 
horizontal  section  of  the  intended  breach,  in  such  a  manner  that  the  debris  of  the 
scarp  wall  may  be  sufficient  to  form  a  ramp  of  1  to  2  slope.  The  height  ought  not 
to  be  less  than  a  third  of  the  scarp,  that  the  debris  may  not  be  in  the  way,  and  at 
least  equal  to  the  thickness  of  the  revetment  at  the  line  of  section. 

2.  The  elevation  or  depression  of  the  gun,  and  the  directions  of  each  at  the  first 
series  of  discharges,  should  be  so  marked  as  to  insure  the  shot  striking  the  same 
points  at  each  corresponding  series.  Beginning  from  the  left  and  proceeding  .to  the 
right,  or  vice  versdy  each  successive  shot  should  strike  the  wall  with  16-prs.  at  1 
metre,  and  with  24-prs.  at  1»'25  or  l»-50  from  the  preceding  one,  through  the 
whole  line  of  section  ;  and  on  the  return  from  the  right  to  the  left,  the  shotp  should 
bisect  the  intervals  between  those  of  the  preceding  series. 

It  is  essential  that  the  section  should  progress  equally  throughout  its  whole  length, 
and  be  continued  only  until  the  appearance  of  earth  indicates  that  the  revetment  has 
been  cut  through,  as  the  running  out  of  much  earth  would  cause  the  falling  masonry 
to  encumber  the  surface. 

8.  The  vertical  sections  should  be  in  number  one  for  each  gun,  the  distance 
between  them  never  exceeding  10  metres,  and,  if  possible,  being  less,  so  that  the 
masonry  may  not  be  supported  by  more  than  one,  or,  at  the  most,  two  counterforts. 
The  vertical  section  should  begin  by  shots  at  short  distances  of  0"'3,  until  the  wall 
is  well  cut  through  at  the  base,  and  then  the  distances  should  be  !■",  proceeding  first 
from  the  base  upwards.  Great  care  is  necessary  to  keep  the  progressive  advance  of 
.  all  the  sections  equal,  as  the  oblique  fall  of  part  of  the  masonry  from  an  inequality  of 
support  would  seriously  encumber  the  breach. 

4.  The  wall  having  fallen,  and  the  visible  portions  of  the  counterscarp  having  been 
destroyed,  it  is  desirable  to  change  two  of  the  guns  for  8-inch  howitzers,  to  oomplete 
the  destruction  of  the  parapet  by  shells. 

Time  of  Breaching. — l«f,  with  IQ-poundertt  and  ^-inch  howitzers. 
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270  shot  ;5  37 
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0  50  0 


|1  0  0 


h.  m.  8. 
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2  0  0 


h.  m.  8. 


Rkmabks. 


9  27  3 

or  94 

hours. 


Distance  from  muzzle  of  gun  to  scarp 
21  '40  metres ;  excavation  22 '75  metres 
wide,  4  metres  high,  2*2  metres  thick 
at  base,  and  1*42  metre  at  oordon. 

Total  excavation  164*91  metres.  The 
average  rate  of  firing  was  5'  per  shot. 
The  shells  were  partly  fired  experimen- 
tally,  to  ascertain  the  proper  chargea. 
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The  work  of  the  goiiB  was  1™  oabe  in  2'  3".  After  the  firing  of  round  shot  had 
ceased,  the  breach,  though  still  steep  at  the  crest,  was  ascended  by  30  gunners  in  line 
at  a  trot. 

The  shells  perfected  the  breach, — those  fired  from  the  guns  produced  little  effect, 
as  they  broke  against  the  sand  when  fired  with  a  charge  sufficient  to  insure  penetration. 

The  charges  of  1^  to  1^.50,  the  shells  from  the  howitcers  penetrated  1%  and  being 
loaded  with  2'^,  produced  by  explosion  entonnoirs  which  rapidly  brought  down  the 
parapet. 

To  insure  sucoess,  the  fuses  must  be  filled  with  oomposition,  and  sunk  well  into  the 
eye  of  the  shell. 

2nd, — Time  Vfith  2i'potmders  and  %-inch  howitzers. 


3  > 

9  O 

6(4 


4  guns 

2  8-Vn.  I 
howitz.  \ 


O  9 
CQOQ 


195  shot 
38  shot 

18  shells' 


Time. 


la 

"  > 


h.  m.  8. 
1  3  45 


11 


h.  m.  B. 


0  50  0 


a 
IS 


h.  jn.  s. 


10  0 


*».Sl* 
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h.  m,  B. 


2  0  0 


Kkmahhs. 


b.  m.  B. 


7  53  45 

or  8 
hours. 


Distance  from  muzzle  of  gun  to  scarp 
3 1  '9  metres.  Excavation  21  *66  metres 
wide,  4  metres  high,  I'Sl  metre  mean 
thickness.    Total  excavation  166*81  m 

*  These  were  shells  from  the  howitaer» 
alone.  The  shells  from  the  24-pr8.  wen 
ineffective,  as  they  could  not  be  fired  with 
a  charge  sufficient  to  insure  penetration. 


The  work  of  the  guns  was  In  cube  in  1'  33".  As  with  the  IG-prs.,  the  breach, 
though  steep  at  its  crest,  was  practicable  at  the  close  of  gun-firing.  The  number 
of  shots  fired,  and  the  times  of  effecting  the  breach,  being  nearly  in  an  inverse  pro- 
portion to  the  weight  of  the  shot,  viz.,  22  to  16,  the  total  weight  of  metal  and  powder 
fired  will  be  nearly  the  same ;  and,  in  consequence,  the  advantages  of  the  24-prs. 
over  the  16-pr8.  will  be  that  of  diminished  time  with  an  increased  distance, — the 
16-pr8.  having  been  21™*40,  and  the  24-prs.  31'»-9  from  the  scarp. 

These  experiments,  affording  an  accurate  estimate  of  the  possible  working  power 
of  guns  and  howitzers  when  used  under  proper  conditions,  the  more  those  conditions 
are  departed  from,  whether  from  deficient  skill  or  unfavourable  circumstances,  the 
less  will  be  the  effect  produced,  and  the  greater  the  time  occupied. 

The  elements  of  efficiency  are,  the  force  of  penetration  of  the  projectile  when  it 
arrives  at  the  wall,  and  the  accuracy  with  which  it  is  directed  to  a  particular  point 
or  line. 

The  first  of  these  will  in  round  shot  diminish  with  the  distance  of  the  battery  (as 
the  charge  continues  the  same),  but  in  shells  discharged  from  howitzers  it  may  be 
preserved  undiminished  by  augmenting  the  charge,  originally^reduced  to  keep  the 
shells  from  breaking  against  the  parapet 

The  amount  of  diminution  from  increased  distance  may  be  estimated  either  from 
the  Table  of  Terminal  Velocities,  calculated  by  Colonel  Piobert,  or  by  direct  reference 
to  the  Tables  of  Penetration  given  in  this  article. 

Referring  to  that  of  penetration  in  masonry.  • 

at  25  metres  a  24-pr.  shot,  with  a  charge  of  i,  penetrates  0'650  metre. 
300  .,  ,.  »  ..  0-530 
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therefore  in   275  metres,   or  300  ynrda  nearly,   the    penetration  has    diminished 
nearly  |th. 

The  penetration  will  therefore  at  the  distances  of  27  and  328  yards  be  rcspectiTely 
as  5  to  4  ;  and  as  the  diameter  of  the  base  of  the  conical  portion  of  the  excavation 
made  by  the  shot  varies  also  with  the  iHmctration,  the  actual  effect  of  the  firing,  in 
making  either  the  horizontal  or  vertical  sections  at  those  distances,  will  be  as  5'  to  4', 
or  25  to  16  :*  hence  the  time  of  effecting  the  first  portion  of  the  breach  will  be  aug- 
mented more  than  one -half  by  the  increase  of  distance  alone. 

With  the  French  16-pr8.,  fired  with  a  charge  of  4)  the  results  will  be  as  follow  : 
at  25  metres,  or  27  yards,  the  penetration  is        ...         .     0*570 
300      „         327  .,  ..  0-445 


II 
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therefore  in  275  metres,  or  300  yarls,  the  penetration  has  diminished  0*125 
or  between  |  and  I ;  and  the  actual  effects  on  making  the  sections  will  be  between 
the  proportions  25tol6,  orl6to9;  and  the  time  will  be  increased  between  |  and  J 
by  increased  distance. 

The  second  element,  or  the  comparative  accuracy  of  firing  at  different  distances, 
]reqnires  yet  to  be  based  on  experiments. 

In  the  *  Aide-M6moire  d'Artillcrie,'  1844,  page  412,  it  is  stated — "The  number 
of  shots  striking  a  target  1  metre  square  at  GOO  metres,  or  654  yards,  is  in  100 — for 
24-prs.  7  ;  for  16-pr8.  6  ;  for  12-pr8.  5  ;  for  S-inch  howitzers  4  ;  for  6 -inch  howitzers 
5  :"  from  which  it  is  evident  how  greatly  the  efficiency  of  breach  firing  must  be 
diminished  by  increased  distance,  the  shots  striking  over  a  large  surface,  and  break- 
ing up  the  wall  into  small  fragments,  rather  than  bringing  it  down  in  masses. 

It  was  doubtless  this  system  of  pounding  the  wall  which  rendered  the  earlier 
formation  of  breaches  so  tedious  ;  and  the  more  irregular  the  firing,  the  nearer  will 
the  modem  approach  to  the  ancient  practice  in  character. 

At  300  metres,  or  327  yards,  if  one-half  of  the  shot,  or  50  per  cent.,  and  one-third 
of  the  shells,  be  supposed  effective  (and  these  are  ])robably  very  high  proportions), 
the  following  would  be  the  pobsiblc  time  of  effecting  breaches,  under  the  most  favour- 
able circumstances. 

With  French  2i-pr».  -One  gun  ^o  5*41  metres  or  5*9  yards  running  of  scarp. 
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With  French  f  IQ-prs. — One  gun  to  5*69  metres  or  6*20  i/ards  running  of  scarp. 
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♦  If  the  fall  of  the  masonry  dejHjnded  exactly  on  the  total  effect  of  the  shot  in  cUl  directionn,  the 
ratio  would  be  as  the  cubes  of  the  penetrations.  It  has  l)ccn  shown  that  with  pxma  of  different 
alibre.s  the  times  are  nc:irly  in%'orscly  as  the  weights  of  the  shot,  or  with  111  and  2i-prB.  as  22  to 
16.  Those  numbers,  if  exanjiucd,  will  bo  fo\md  more  nearly  i)n>portionate  to  the  squares  than 
to  t^  cubes  of  the  i>cuetrations ;  and  in  like  manner  with  guns  of  equal  calibre,  but  at  dilTe- 
rcnt  distances,  the  times  will  vary  iu  a  proportion  nearly  corresponding  to  the  squares  of  the 
penetrations. 

t  The  French  16- pr.  shot  being  equivalent  to  a  shot  of  17§  lbs.  English,  all  the  results  of  that 
description  of  gun  may  be  applied  to  the  Euglish  IS-prs. 
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Before  an  enemy,  the  difficulties  and  casualties  attendant  npon  the  opposing  fire 
will  greatly  augment  these  periods,  often  to  two  or  three  times  the  amount. 

These  numbers  may,  however,  when  there  is  oonyenient  space  and  an  abundant 
armament,  be  diminished  by  the  nse  of  more  gtms,  as  appears  to  have  been  the  case 
at  Ciudod  Bodrigo,  where  the  proportion  was  one  gun  to  5  feet  of  scarp,  instead  of 
one  to  184)  as  at  ^^^^  ;  &&<1  ^^  ^^^  account  for  the  comparative  rapidity  of  forming 
the  breach  in  that  siege  at  an  increased  distance,  independently  of  the  inferiority  of 
the  masonry. 

If  these  principles  be  applied  to  still  farther  increased  distances  and  to  diminishec) 
charges,  as  in  Ricochet  Firing,  it  will  be  evident  that  the  destruction  of  masonry 
traverses  must  be  tedious,  the  force  of  penetration  being  diminished  to  about  a  third, 
and  the  inaccuracy  of  firing  augmented  in  a  large  proportion. 

Eaiihen  traverses  will  be  best  destroyed  by  sheila  from  howitzers  ;  but,  although 
the  force  of  penetration  will  not  vary  so  mucb  with  this  arm,  the  uncertainty  of  firo 
will  be  augmented  in  a  still  greater  ratio. 

These  considerations  may  suggest  some  useful  remarks  both  as  regards  Ricochet 
Firing,  and  the  construction  and  arrangement  of  Traverses,  but  they  can  be  bes| 
noticed  under  their  respective  heads. 

SMALL  ARMS  NOW  IN  USE. 

The  following  are  some  of  the  result t  of  numeroue  experiment t  carried  on  in  1858 
with  the  Enfield  Rifle  and  the  umvloI  bullet  and  charge. 
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•JOO  yda. 

20  yds. 

200  yds. 

20  yds. 
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rammed         ,         .     . 
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n 

17- 

H 

19- 

1 

Fascines,  just  made,  of 
green  wood  ,         •     •  ( 

allthroi 
into 
6" 

ighand 
earth 
8- 

gether 

4- 

4- 

Sap    roller,    usual    size, 

Elm,  solid,  with  the  grain 

— ■ 

6-25 

(through  first  sicie  only) 

9" 

Oak,  solid,  across     ,, 

'2-6 

2-75 

Rope  mantlet,  17  lbs.   to 

„         „      with        „ 

30 

square  foot 

proof 

— , 

,,    planks,  across    ,, 

4- 

4' 

Steel  plate  mantlet,  9  fi>s. 

Ash  planks,  together .     . 

3- 

3- 

per  foot,  1"  thick    .     . 

proof 

«^ 

,,  solid,  wiih  the  grain  . 

4* 

Steel    plate    mantlet    \" 

pi^fat 

Beech  planks,  across 

3-25 

—^ 

thick 

50  yds. 

, ,      solid,  with  the  grain 

— 

4- 

Iron  boiler  plate,   9  J  lbs. 

not 
proof 

Pine  boards,  together 

11-5 

14-5 

per  foot,  4"  thick    .     . 

„     solid,  with  the  grain 

— 

14- 

Homogeneous          plates 

Sajid-bags,  filled  with  light 

(Shortridge  &  Co.),  A^ 

earth  and  built  up 

10 

11 

A"*  7t5  tt>s.  per  foot     . 

proof 

proof 

Gabions,viz.  brushwood,  ^ 

1 

none  passed 

through. 

Homogeneous  plates,  B„ 

Tyler's,  Jones's,  and  V 
the  Sebastopol .         .J 

{^%  8i  tbs. 

proof 

proof 

The  Lancaster  carbine  gave  slightly  less  penetration  than  the  Enfield,  and  with  both 
arms  steel-pointed  bullets  gave  an  increased  effect. 
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In  the  attack  and  defence  of  works  close  to  the  sea,  guns  of  larger  calibre,  as  the 
56-  and  68-pr.,  may  be  used,  and  then,  as  at  Sebastopol,  it  is  found  that  the  ordinary 
thickneBS  of  earthen  parapet  (18  feet)  is  not  sufficiently  proof. 
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No  oompleto  tables  have  yet  been  giyeD  of  the  penetration  obtained  by  the  «te  of 
Armstrong  gans,  bat  it  is  undoubtedly  far  beyond  that  of  the  ordinary  smooth-bore 
ordnance.  Prom  one  set  of  trials  lately  carried  on  with  the  40-  and  82-pr.  guns, 
and  the  7-inch  howitzer,  carrying  a  lOOIt)  shell,  it  appears  that,  firing  at  a  distance  of 
over  1000  yards,  at  very  solid  compact  brickwork,  with  charges  respectively  of  5,  10, 
and  9Ib3.,  the  penetration  of  the  40 -pr.  and  7 -inch  was  about  4  feet  to  4'  G",  and  of 
the  82-pr.  above  T  6".  A  breach  20  feet  wide  was  obtained  by  expending  less  than 
SOOOlbs.  of  iron  and  520Ib6.  of  ix)wder  ;  while  with  the  old  24-pr.  guns  of  50  cwt.  the 
game  result  would  have  required  alove  42,000lbe.  of  iron  and  14,000tb8.  of  powder, 
for  a  range  of  only  500  yards.  The  distance  also  at  which  the  breaching  battery  was 
placed,  would  prevent  the  enemy's  riflemen  from  stopping  the  besiegers*  fire,  up  to 
the  time  of  actually  taking  the  work. — C.R.B. 

Plate  I.  PETARD.* — The  petard,  which  formerly  was  part  of  the  equipment  of  an  army 
in  the  field,  for  the  purpose  of  bursting  open  gates,  has  of  late  years  been  in  disuae, 
and  bags  or  oases  of  powder  have  been  substituted  for  it. 

The  petard  was  of  brass,  and  ca«t  in  a  bell  shape.  It  was  fastened  to  a  bed  of  elm 
plank,  34  inches  thick,  having  on  the  reverse,  or  under  side,  a  wrought-irou  plate, 
one-quarter  of  an  inch  in  thickness.  In  the  breech  there  was  an  aperture  for  the 
fuze,  which  was  connected  to  the  petard  by  means  of  a  brass  holder. 

Four  men  were  employul  to  carry  the  petard,  and  rings  were  placed  at  the  angles 
of  the  bed  fur  this  purpose.  A  fifth  ring  was  fastened  to  the  upper  side  of  the  bed, 
as  a  means  of  connecting  it  to  the  gate  intended  to  be  destroyed,  into  which  a  hook 
was  screwed  to  support  it.  The  bed  of  the  petard  was  still  more  firmly  secured  to 
the  gate  by  means  of  screws  from  G  )«  8  inches  long. 

Two  legs,  or  struts,  were  attached  to  the  petard  bed  ;  they  were  between  4  and  5 

feet  long,  and  4  inches  in  diameter  at  the  bottom,  or  thicker  end. 

Cwt.  qrs.  lbs. 
The  weight  of  the  petard,  with  its  fuze  and  bed,  was    .        .     2     2  12 

I,  legs 0     1  16 

,,  screw-hooks 0    0    5 


Total  weight        ..305 
The  objection  to  the  petard  was,  that  on  being  fired  with  the  full  Service  charge  of 
11  lbs.  of  powder,  it  was  liable  to  burst,  and  the  men  of  the  party  using  it  were 
exposed  to  injury  from  the  splinters. f    Bags  of  powder  are  not  open  to  the  same 

•  By  Colonel  (now  Lieut. -General)  Sir  Fredericlc  Smith,  K.II.,  R.E.,  F.R.S. 

\  General  Sir  Charles  PaMley,  K.C.B.  (tnen  Colonel  Piuiloy),  in  tenting  the  relative  efficiency 
(in  the  year  1826)  of  the  petard  and  the  powder-bag,  IumI  rucourae  to  the  following 
experiment* : 

Two  pairs  of  paliiade  gates  were  formed,  to  one  of  which  a  bag  containing  50  lbs.  of  gun- 
powder was  attached,  and  to  the  other  the  petard  loaded  with  the  usual  Service  chaiigB  of 
11  lbs.  of  gunjiowder. 

The  bog  was  fastened  by  a  hook  to  the  centre  of  the  gate.  The  explosion  fully  succeeded  in 
blowing  open  the  gates ;  that  half  to  which  the  bag  was  suspended  wiis  thrown  completely 
back:  the  effect  upon  the  other  half  would  have  been  hlmilar,  luii  ni>t  the  bottom  of  the  gate 
struck  against  the  ground,  which  stopped  it ;  but  the  gates  were  thrown  entirely  open,  and 
the  result  was  all  that  could  have  been  desired. 

The  petard  was  suspended  by  a  bolt  from  the  top  of  the  gates,  so  as  to  bring  the  centre  of 
the  petard  opposite  to  that  part  where  the  iron  swing  bar  was  lastoncd,  and  the  two  Icgfs  were 
placed  so  OS  to  ease  the  weight  from  the  bolt.  The  fuzn  was  lighted,  and  the  charge  exploded, 
bursting  the  petard  into  iicvural  pieces,  while  the  effect  was  only  tluit  of  breaking  a  hole 
through  the  gates  of  about  4  feet  wide,  for  they  were  not  even  thrown  oiMm,  and  that  half  of 
the  gate  which  was  bolted  at  the  bottom  was  not  forced  from  its  fastouingB. 

Parts  of  the  petard  bod  wore  thrown  to  a  considorable  distance.    One  piece  of  the  petard. 
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objection,  and  they  Iiave  the  advantage  of  being  more  easily  procured,  and  mncli  more 
portable. 

Bags  of  powder  may  be  successfully  tised  either  to  blow  open  gates  or  to  form 
breaches  in  stockades,  or  even  in  thin  enclosure  walls  ;  and  thd  efficacy  of  this  means 
of  overcoming  such  defences  will  be  best  understood  from  the  records  of  some  experi- 
ments conducted  at  the  Boyal  Engineer  Establishment  at  Chatham,  with  a  view  to 
ascertain  the  requisite  charges,  and  the  best  mode  of  applying  them  under  varioaa 
circumstances. 

lleport  of  an  Experimenl  in  blowing  optn  a  pair  of  palisade  gates  with  d  hag  ofpcfukUf. 

Ezperimant  The  gates  used  for  this  experiment  were  of  oak  (each  gate  being  8  feet  high  by  5 

°'  feet  wide).     They  were  of  triangular  scantling  out  of  4 -inch  oak,  cut  diagonally  in 

halves.  Two  posts,  of  about  10  inches  in  diameter  and  15  feet  long,  were  planted  3 
feet  deep  in  the  ground,  and  the  gates  were  connected  with  them  by  means  of  three 
pieces  of  stout  scantling,  placed  across  at  the  top,  bottom,  and  oentre,  and  spiked 
securely  to  the  posts,  as  well  as  to  the  palisades  of  the  gates.  A  strong  stmt  was 
also  fixed  against  each  post,  and  another  against  the  bar,  which  extended  across  tho 
centre  of  the  gates. 

The  charge  used  on  this  occasion  was  50  lbs.  of  powder.  It  was  contained  in  a 
bushel  sand- bag,  tarred  and  sanded  over  ;  a  loop  of  half- inch  rope  was  attached,  for 
suspending  the  bag.  On  one  side  of  the  bag,  near  the  bottom,  a  small  collar  of  stout 
canvas  was  sewn,  so  as  to  stand  out  about  6  inches,  as  a  precaution  against  the  fire 
communicating  to  the  charge  before  the  fuse  should  be  burnt  out.  A  piece  of  Bick- 
ford's  fuze  2  feet  in'  length  was  used  in  firing  the  charge,  one  end  being  pushed 
through  the  collar  into  a  hole  made  in  the  sand-bag. 

By  the  explosion  both  gates  were  blown  open  and  destroyed,  and  the  posts  were 
knocked  down.  Some  of  the  pieces  of  the  gates  were  thrown  upwards  of  150  yards 
to  the  rear,  and  several  huts  in  the  immediate  neighbourhood  were  partly  unroofed.* 

Report  of  an  Experiment  in  breaching  stockades  with  hags  of  gunpovddef. 
On  the  16th  April,  1840,  a  preliminary  trial  was  made  of  a  bag  containing  60  lbs. 
of  i>owder,  laid  on  the  ground,  close  against  two  beams  of  African  oak  (old  ship- 
timber,  obtained  from  Her  Majesty's  Dockyard),  the  scantlings  ot  which  were  13 
inches  by  11  inches,  and  11  inches  by  8  inches.  The  beams  were  sunk  3  feet  in  the 
ground,  and  were  3^  inches  apart.  A  piece  of  Bickford's  fuze  4  feet  long  was  attached 
to  the  bag.  The  explosion  blew  both  timbers  out  of  the  ground,  shattering  one  and 
splitting  the  other. 
Experiment  On  the  21st  April,  1840,  a  strong  stockade,  21  feet  in  length,  composed  chiefly  of 

^^jl,  English  and  African  oak,  obtained  from  the  Dockyard,  was  erected  within  a  few  feet 
of  high- water  mark,  on  the  glacis  in  front  of  the  left  bastion  of  the  works  at  St. 
Mary's  Creek. 

A  trench  21  feet  long,  2  feet  wide,  and  3  feet  deep,  having  been  made,  the  timbers 
were  planted  in  it  at  intervals,  and  the  soil,  a  stiff  clay,  was  well  rammed  about  them. 
Five  bags  covered  with  water-proof  composition,  and  each  containing  60^.  of  gun- 
powder, were  prepared,  and  two  of  them  had  a  Bickford's  fuze  3  feet  long  attached. 

weigliing  lU  tbs.,  was  thrown  a  distance  of  60  yards,  and  a  part  of  the  bed  was  blown  to  tho 
distance  of  120  yards ;  sovend  smallor  pieces  wure  also  fouud  within  that  radius.  The  two  logs 
wure  thrown  20  feet  to  the  right  and  left  of  the  gates,  and  a  groat  part  of  the  iron  plate  fh>m 
the  bottom  of  the  bed  was  projected  several  yards. 

Tho  thickuess  of  metal  of  the  petard  was  found  to  be  li  inch  at  the  breech,  and  1  inch  next 
to  the  bed. 

*  This  and  the  following  experiments  were  tried  when  the  Royal  Engineer  Establishment 
was  under  the  direction  of  General  Sir  Charles  Paaley,  K.U.K 
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On  the  25th  April,  1S40,  an  Officer  canying  a  elow-matdi,  with  fire  men  oarrying 
the  powder-bags,  advanced  to  the  stockade.  No.  3  first  deposited  his  bag  on  the 
ground  close  against  the  middle  of  the  stockade.  Nos.  2  and  4  placed  theirs  on  the 
right  and  left  of  No.  3,  the  ends  of  the  bags  touching.  The  bags  Nos.  1  and  5,  with 
fuzes  attached,  were  immediately  placed  over  the  centre  of  and  upon  the  first  three 
bags.  All  the  carriers  excepting  one,  who  remabed  to  bring  the  ends  of  the  fuzes 
together,  retired.  The  Officer  immediately  lighted  the  fuzes.  The  explosion  threw 
up  an  immeuse  volume  of  smoke,  with  numerous  fragments  of  timbers,  some  of  which 
went  nearly  across  St.  Mary's  Creek,  a  distance  of  123  yards.  As  soon  as  the  smoke 
dispersed,  a  most  perfect  breach,  12  feet  wide,  became  perceptible.  The  stoutest 
timbers  were  shattered  to  pieces,  and  a  crater  was  formed  the  whole  length  of  the 
breach,  9  feet  wide  and  3  feet  deep. 

The  stockades  adverted  to  in  the  following  experiments  were  erected  between  the 
years  1842*  and  1850,  on  the  practice  ground  of  the  Royal  Engineer  Establishment,  on 
^e  left  of  Chatham  Lines  ;  and  the  timbers,  sometimes  of  oak,  and  sometimes  of  fir, 
were  generally  12  feet  long,  and  about  12  inches  square  in  their  cross  section.  They 
Were  placed  in  close  contact  in  a  trench  3  feet  deep,  and  were  connected  together 
by  one  or  more  ribands  firmly  spiked  to  them.  After  being  planted  in  the  ground,  the 
earth  that  had  been  excavated  in  forming  the  trench  was  carefully  rammed  round  the 
timbers,  so  as  to  give  the  construction  every  possible  degree  of  firmness  and  solidity. 

The  charge  in  each  case  was  placed  in  contact  with  the  timbers  of  the  stookadei 
and  contained  in  tarred  sand-bags ;  and,  when  not  stated  to  the  contrary,  it  was  fired 
by  means  oif  Bickford's  fuze. 
Xzpaiime&l         A  stockade  of  about  24  feet  in  length  was  constructed,  for  the  purpose  of  being 
lSti>m         breached  by  means  of  gunpowder,  on  the  25th  October,  1842. 

It  was  composed  of  Baltic  fir,  procured  from  Her  Majesty's  Dockyard. 

The  timbers  were  connected  by  a  riband  of  English  oak,  6  inches  square,  to  which 
they  were  firmly  spiked  at  the  bottom  of  the  trench. 

The  charge  of  gunpowder  used  to  form  the  breach  was  240  OVs.,  contained  in  four 
tarred  sand-bags.  The  bags  were  placed  in  two  tiers  ;  three  on  the  lower,  and  one  on 
the  upper  tier.  A  piece  of  4'iQch  hose,  filled  with  gunpowder,  and  4  feet  in  length, 
was  fastened  to  the  middle  bag  of  the  lower  tier  for  a  train,  and  a  piece  of  portfire 
2  inches  long  was  attached  to  it :  a  perfect  breach,  about  12  feet  wide,  vras  the  result 
of  the  explosion. 

jxperhnent         ^^  stockade  was  22  feet  long,  and  composed  of  Baltic  fir.     The  timbers  were 
^o.  4.  eonnected  together  by  a  riband  6  inches  by  4  inches,  pUced  at  the  bottom  of  the 

trench. 

The  charge  consisted  of  only  60  lbs.  of  powder,  contained  in  a  tarred  sand-hag^ 
having  2  feet  of  Bickford's  fuze  attached  to  it. 

The  powder-bag  was  placed  on  the  ground,  and  a  bushel  bag  filled  with  sand  was 
laid  on  the  top,  and  one  at  each  end,  as  tamping  :  the  explosion  formed  a  practicable 
breach  of  about  6  feet  in  width. 

In  the  month  of  December,  IS 45,  a  stockade  was  constructed  about  30  feet  in 
length,  and  the  upright  timbers  connected  together  by  three  ribands ;  one  on  the 
inside  near  the  top,  and  two  near  the  bottom,  of  which  latter,  one  was  on  either  side 
of  the  uprights  :  the  earth  was  rammed  on  both  sides  of  the  uprights  to  the  level  of 
the  ground. 


*  Whon  Sir  F.  Smith  had  succeeded  Sir  Chas.  Faslcy  at  Chatham  as  Dh?ector. 
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For  the  pnrpoBe  of  ascertaining  tlie  minimnm  charge  for  destroying  a  stockade  of 
the  strength  above  described,  the  following  experiments  were  tried  on  the  15th  and 
filst  January,  184C. 

An  attempt  to  breach  was  made  by  firing  a  charge  of  30  lbs.  of  powder, 
contained  in  a  bag,  and  suspended  to  the  stockade  opposite  to  the  upper  riband, 
and  8  feet  from  the  north  end.  The  effect  was  merely  to  dislodge  a  few  of  the 
timbers  from  their  upright  position. 

A  second  charge  of  30  lbs.  of  powder  was  next  slung  on  a  nail,  at  a  height  of 
8  feet  from  the  ground,  and  G  feet  from  the  north  end.  On  the  explosion  of  this 
charge,  it  was  found  that  one  timber  only  was  broken  through,  and  a  few  others 
■lightly  shaken. 

A  similar  charge  was  placed  at  the  distance  of  3  feet  from  the  southern  extremity 
of  the  stockade,  on  the  ground,  and  touching  the  timbers.  A  crater  2  feet  in  lengthy 
12  inches  in  depth,  and  15  inches  wide,  was  formed  by  this  explosion,  and  seTcn 
timbers  were  started,  one  being  broken  short  off  close  to  the  ground. 

A  fourth  charge  of  30  lbs.  of  powder,  also  contained  in  a  bag,  was  laid  on  the 
ground  at  6  feet  from  the  southern  end  of  the  stockade.  Two  bushel  bags  of  earth 
were  laid  upon  the  bag  of  powder,  and  two  were  placed  in  front  of  and  in  contact 
with  it.  On  firing  the  charge,  it  formed  a  narrow  breach  in  the  stockade  by  driving 
two  of  the  piles  out  of  the  ground,  and  breaking  another  asunder,  besides  dislodging 
■ereral  of  the  timbers  adjoining. 

A  charge  of  70  fi>s.  of  powder,  and  another  of  50  R>s.,  were  placed  on  the  ground 
with  an  interval  of  5  feet  between  them,  and  both  touching  the  stockade  near  the 
middle  of  its  length.  Four  bushel  sand-bags,  filled  with  earth,  were  applied,  as  in 
the  preceding  experiments,  upon  and  against  each  charge. 

In  this  instance  a  spacious  breach  was  made,  and  some  of  the  piles  were  thrown 
upwards  of  50  yards  from  the  stockade  ;  and  from  these  experiments  it  may  be  con- 
daded,  that  from  60  to  70  lbs.  of  powder,  properly  loaded  with  bags  of  earth,  will 
be  a  sufficient  charge  for  producing  a  practicable  breach  in  a  stockade  of  this 
strength.  The  extent  of  breach  required  will  of  course  regulate  the  number  of 
charges  to  be  used. 

6th  September,  1846. — Major  I^Iarlow,  Commanding  Royal  Engineer  in  New 
Zealand,  having  sent  to  England  drawings  and  a  description  of  one  of  the  '  Pahs ' 
constructed  in  that  country  by  the  Chief,  Heki,  a  part  of  a  stockaded  work,  nearly 
on  that  plan,  was  erected  in  August^  1846,  on  the  left  of  Chatham  Lines,  with  a  view 
of  ascertaining  by  exi)eriments  the  best  mode  of  breaching  it  by  bags  of  powder.* 

The  external  fence  consisted  of  a  frame- work  of  double  posts,  6  inches  by  10  inches, 
firmly  spiked  together ;  placed  at  intervals  of  5  feet  3  inches,  and  connected  by  two 
ribands  above  ground,  12  inches  wide  and  4  inches  thick,  and  by  one  riband  under 
ground,  of  the  same  dimensions.  To  the  two  upper  rilwwds,  fascines  were  fixed, 
extending  to  within  2  feet  of  the  ground,  to  represent  the  green  flax  used  in  the  same 
position  in  <nekiUrah.*t 

The  second  enclosure  consisted  of  oak  timbers,  also  10  inches  square,  placed  close 
together,  and  connected  by  an  underground  riband  12  inches  wide  and  4  inches  thick. 

The  upright  timbers  in  both  enclosures  were  9  feet  above  ground,  and  3  feet  in  the 
ground. 

An  interior  enclosure,  or  keep,  10  feet  9  inches  distant  from  the  last  described,  was 


*  Th«  deviations  are  improvcmouts  on  the  rude  conetruction  of  the  Now  Zealandcn^ 
t  Bee  arUcle  'Pah,'  voL  ii. 
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formed  of  oak  timbers^  fixed  2  feet  6  inches  in  tbe  ground,  and  9  feot  6  inches  out 
of  it.  The  timbers  were  12  inches  sqaare,  and  alno  placed  in  close  contact ;  they 
were  united  by  one  riband  above  gruund,  and  one  under  ground,  each  12  inches  wide 
and  4  inches  thick.  The  communication  to  the  interior  of  the  keep,  from  the  middle 
enclosure,  was  formed  by  means  of  an  uuderground  gallery,  4  feet  6  inches  by  8  feet, 
driTen  within  and  parallel  to  the  stockade  of  the  keep,  at  the  distance  of  about 
8  feet  3  inches,  as  a  place  of  security  for  the  garrison  from  the  fire  of  the  enemy^s 
aktillery.     The  interior  and  the  centre  enclosures  were  loopholed. 

The  earth  was  well  rammed  round  the  timbers. 

On  the  4th  of  October,  1846,  the  puh  was  attempted  to  be  breached  by  tht 
following  process  :  a  tarred  sand -bag,  containing  100  lbs.  of  gunpowder,  was  passed 
underneath  the  fascines  of  the  outer  enclosure,  and  lodged  in  the  position  marked  a^  in 
contact  with  the  stockade  c  h  of  the  centre  enclosure,  and  two  bushel  bags  filled  with 
earth  were  placed  upon  it  as  shown  in  drawing  (f). 

At  the  distance  of  3  feet  6  inches  from  this  charge^  another  of  100  lbs.  (b)  was 
also  placed  on  the  ground,  and  in  contact  with  the  same  stockade,  but  on  this  eharge 
no  sand-bags  were  placed.  The  two  charges  were  fired  simultaneously,  and  a  prac- 
ticable breach,  of  about  8  feet  in  width,  was  formed  in  the  outer  and  centre 
enclosures,  the  d6bris  of  the  one  being  thrown  outwards,  and  of  the  other  inwards. 
The  inner  stockade  was  not  injured:  another  hs^,  containing  150 lbs.  of  powder, 
was  afterwards  placed  in  contact  with  it,  in  the  position  marked  o,  but  it  was  not 
weighted  with  bags  of  earth.  On  being  fired,  a  breach  was  formed  of  about  6  feet  in 
width. 

1st  December,  1846. — It  being  considered  necessary  to  have  further  experience  in 
breaching  double  stockades,  another  portion  of  a  stronghold  similar  to  *  Heki's  Pah ' 
was  constructed. 

A  charge  of  120  lbs.  of  powder,  contained  in  two  tarred  sand-bags,  was  lodged 
against  the  centre  line  of  timbers.  Four  bushel  bags  were  filled  with  common  earth, 
and  two  uf  them  were  placed  on  the  top  of  the  charge,  and  one  at  each  end. 

The  result  of  the  explosion  was  the  destruction  of  about  10  feet  of  the  centre  and 
outer  stockade,  and  pieces  of  both  were  thrown  upwards  of  200  feet  from  the  line  in 
which  they  had  been  placed  :  the  timbers  of  the  inner  enclosure  or  keep  were  merely 
disturbed  from  their  upright  position,  but  they  were  not  thrown  down  or  broken. 

8th  June,  1847. — A  double  stockade  was  erected  for  the  purpose  of  training  the 
Embodied  Pensioners  (then  about  to  proceed  to  Now  Zealand)  in  the  mode  of  cap- 
turing such  works,  and  also  to  obtain  further  information  on  the  subject. 

This  stockade  was  composed  of  oak  timbers,  13  feet  long,  and  averaging  13  inches 
iu  thickness  and  breadth,  placed  in  trenches  4  feet  deep,  so  that  9  feet  were  abore 
ground. 

There  was  an  interval  of  4  feet  4  inches  between  the  two  lines  of  stockade. 

The  timbers  of  each  line  were  united  by  two  ribands,  12  inches  wide  and  4  inches 
thick,  of  pitch  pine  plank.  The  upper  riband  was  placed  at  the  distance  of  7  feet 
from  the  ground,  and  the  lower  one  with  its  upper  edge  flush  with  the  surface. 

The  two  lines  of  timber  were  joined  together  at  their  extremities  by  two  cross 
ribands  of  the  same  width  and  thickness  as  the  longitudinal  ribands,  to  give  that 
degree  of  general  stifTness  which  would  be  found  in  a  complete  stockade  enclosure. 

A  charge  of  200  lbs.  of  gunpowder,  in  four  bags,  was  lodged  in  four  layers  at  the 
bottom  of  the  outer  line  of  stockade,  the  lower  bag  resting  on  the  ground. 

Two  sand-bags  filled  with  earth  were  placed  on  the  top  of  the  upper  bag  of 
powder,  besides  two  in  front  of  the  charge,  and  one  at  each  end  of  it,  in  order  to 
confine  the  action  of  the  gunpowder  as  much  as  possible  to  the  stockade. 
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A  piMe  of  Bickfotd'B  fiize,  6  feet  in  length,  was  attached  to  one  end  of  the  central 
ba^  6  inches  of  it  being  inserted  within  the  bag. 

The  foie  was  ignited  by  slow-mate  h,  and  the  explosion  of  the  whole  char^^e  was  simul- 
taneous.    A  breach  was  formed  in  Iwth  lines  of  stockade.     The  width  of  the  oixMiini:  in 
the  outer  line  measunMl  9  feet  6  inches,  and  tliat  of  the  inner  Hue  altout  5  feel  (i  inches. 
cMrliiMBt  9th  June,  1847. — The  double  Btockade  1>i-enche<l  this  day  was  formed  in  the  sjiine 

manner  as  that  destroyed  on  the  8th  June,  the  only  difference  being  that  the  inUrval 
between  the  two  rows  of  stockade  was  in  this  case  3  feet  5  inches,  instead  of  4  feet 
4  inches. 

It  being  desirable  to  ascertain  whether  both  line?  of  stockade  might  be  broaclicd  at 
the  same  time  by  200  lbs.  of  puwder  withotU  conjuiing  the  cJwrge  with,  hags  of  earlhf 
none  were  used  on  this  occasion. 

The  company  of  Embodied  Pensioners  for  service  in  New  Zealand  were  i>raetise<l  in 
advancing  to  the  face  of  the  stockade,  covered  by  s.'ip  rollerzj,*  having  iu  the  rt;ar  of 
the  centre  sap  roller  a  truck  containing  the  charge  of  guniwwder. 

On  reaching  the  foot  of  the  stockade,  the  sap  rollers  remained  iu  their  ])osition, 
and  the  truck  was  moved  into  an  interval  between  the  two  rollers.  Ou  tilting  up  the 
truck,  the  bags  of  ix)W(]er  slipped  off  and  lodged  at  the  foot  of  the  stockade.  This  was 
effected  without  difficulty,  and  there  is  every  reason  ^>  ]ire.sume  that,  ou  actual  service, 
men  advancing  to  lodge  the  charge  might  be  thus  protected  against  the  musketry  lire 
of  the  garrison,  when  the  situation  was  favourable  to  such  a  proceeding. 

By  the  explosion  a  breach  of  6  feet  6  inches  was  made  in  the  outer  line,  and  one 
of  4  feet  in  the  inner  line. 
KMrlment  11th  August,  1848. — A  stockade  was  erected  on  the  causeway  adjoining  the  dltcb 

"**■  "•         of  St.  Mary's  Homwork. 

-  A  breach  was  effected,  sufficient  for  the  ]KiS8age  of  about  twelve  men  abreast,  by 
the  explosion  of  two  charges  of  gunpowder,  each  consisting  of  1 00  lbs.,  and  separated 
from  each  other  by  an  interval  of  6  feet.  Tho  charges  were  ]ilaco'd  in  water-proof 
bags,  and  a  bag  of  earth  was  laid  on  the  top,  and  one  at  either  end  of  both  charges. 

The  conclusion  to  be  drawn  from  the  various  experiments  above  desoril»cd  is — 

1st.  That  any  single  line  of  stockade,  when  the  timbers  do  not  exoe».d  14  inches  in 
thickness,  may  be  breachetl  by  a  charge  of  100  lt>s.  of  powder  placed  on  the  j; round 
and  in  contact  with  the  timbers  ;  and  that  when  bags  of  earth  are  placed  upon  and 
against  a  charge,  its  effect  on  the  stockade  will  be  greatly  increased. 

2nd.  That  a  double  stockatlc  may  be  breached  by  one  charge  of  200  lbs.  of  p*)wder 
lodged  against  the  outer  line  of  timbers,  when  the  interval  between  tho  rows  does  not 
exceed  3  feet  6  inches. 

3rd.  That  when  there  is  reason  to  presume  that  the  inton'al  between  the  rows  of 
timber  is  much  greater  than  3  feet  6  inches,  the  breach  in  the  two  lines  must  be 
produced  by  two  distinct  explosions. 

The  chief  difficulty  in  all  attempts  to  force  an  entrance  into  defeusilile  works  of  the 
description  under  consideration,  is  the  placing  of  the  charges  without  exposing  the 
party  employed  in  this  critical  operation  to  great  risk. 

Even  when  the  attack  of  a  stockade  is  made  at  night,  it  may  l»c  presumed  that 
some  loss  would  be  sustjiined  by  tho  assailants  if  thny  advaiu'c  to  the  stockatlo  with- 
out having  any  cover,  whatever  may  be  the  Cniution  with  which  thoy  aj«proa'"ii  it ;  and 
therefore,  as  a  security  against  failure  from  casualties,  it  would  be  desirable  to  attempt 
to  attach  powder-bags  at  various  points  of  the  enclosure. 

•  Mantlets  of  in>n  i»Iatc,  -j'ginch  thick,  mounted  ou  a  light  frame  with  w^hcoln,  would  be  fir 
prefenible  for  this  purix>8e. — Jid. 
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If  the  attack  be  made  by  day,  the  mode  of  approach  mast  be  detennined  by  local 
and  other  circumstances ;  probably  the  show  of  an  escalade,  under  a  heary  fire 
of  musketry  and  artillery,  may  enable  the  Engineers  to  lo<Ige  their  powder-bags,  &c., 
at  the  foot  of  the  Etockade  ;  but  where  circumstances  will  admit  of  waiting  for  the 
construction  of  sap  rollers,  and  the  ground  is  farourable  for  pushing  them  forward, 
they  may  be  used  as  a  tolerably  safe  screen  for  the  assailants. 

AVhen  a  town  gate  has  to  be  breached,  it  would  be  unsafe  to  depend  upon  a 
smaller  charge  than  200  lbs.  of  powder,  and  it  should  be  weighted  with  three  or  more 
bags  of  earth,  as  in  all  probability  the  gates  would  l>e  strengthened  by  cross-bars  and 
struts.  In  no  case  does  it  seem  desirable  to  suspend  the  charge  above  the  level  of  the 
ground. 

Bags  of  powder  may  also  be  used  in  breaching  thin  walls  of  brickwork. 

The  following  experiments  were  tried  at  the  Koyal  Engineer  Establishment,  to 
ascertain  the  quantity  of  powder  required  to  fom^  such  a  breach,  and  the  best  mode 
of  applying  the  charge  for  that  purp(»e. 

3rd  October,  1826. — Experiments  were  made  on  two  brick  walls,  each  8  feet  long^ 
5  feet  high,  and  2  feet  3  inches  thick,  which  had  been  built  in  the  month  of 
November,  1825,  or  eleven  months  previous  to  the  experiments. 

To  the  back  of  one  of  these  walls,  two  liagseach  containing  15  lbs.  of  powder  were 
SQspended  at  the  height  of  12  inches  above  the  ground.  These  charges,  which  were 
4  feet  apart,  and  equidistant  from  the  centre,  were  fired  simultaneously. 

After  the  explosion,  the  wall  appeared  to  be  considerably  injured.  Those  parts  of 
it  immediately  opposite  to  where  the  charges  were  placed,  were  forced  out  to  a 
distance  of  1  ^  inch,  and  presented  an  appearance  similar  to  what  would  probably  be 
produced  by  the  blow  of  a  battering-ram. 

In  the  second  experiment,  two  charges  each  of  30  lbs.  of  powder  were  applied  to 
the  back  of  the  other  wall,  on  the  level  of  the  surface  of  the  ground,  4  feet  apart^  and 
equidistant  from  the  centre.  A  quantity  of  earth  of  about  i  feet  2  inches  in  thick- 
ness was  heaped  over  the  charges  to  create  a  resistance  in  the  opposite  direction  to 
the  wall. 

The  charges  were  fired  simultaneously,  and  the  effect  was  the  complete  destruction 
of  the  wall.* 
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Results  of  Experiments  in  the  demolition  Vy  gunpmrdcr  of  walls  built  of  bridcworh 

and  cementf  between  the  yean  1848  and  1850. 

Wall  No.  1,  of  9-inch  work,  G  feet  high  and  6  feet  long,  with  piers  9  inches  square 
at  the  extremities.     The  depth  of  the  foundation  was  1  foot. 

The  charges  in  every  ease  were  placed  on  the  ground  near  the  centre  of  the  walL 

The  first  cliarge,  which  was  of  C  lbs.  of  powder,  produced  no  visible  effect. 

The  second  charge  was  of  7  lbs.,  and  the  explosion  cracked  the  wall  at  the  bottom, 
very  slightly,  opposite  to  the  charge. 

The  third  charge  was  of  6  lbs.  of  powder,  and  was  weighted  with  two  bushel  bags 
filled  with  earth.     The  explosion  of  this  charge  utterly  demolished  the  wall. 

Wall  No.  2,  similar  in  every  respect  to  Wall  No.  1. 

The  charge  of  10  lbs.  of  powder  was  contained  in  two  bags  (one  of  6  lbs.  and  the 
other  of  i  lbs.).     By  the  explosion,  the   wall  was  fractured  at  about  half  its  height. 


•  In  the  record  of  this  experiment,  whicli  appears  to  have  been  conducted  under  the  ordora 
of  M^jor-General  Sir  Charles  Piiolcy,  by  Lieiitcuaut  llcnwick,  of  the  Royal  Engineers,  it  is 
stated  that  the  mortar  was  "  particularly  bad,"  the  wall  having  been  built  duriui{  the  con- 
tinuance of  a  severe  frost 
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besides  which  a  dislocation  was  produced  between  the  foundation  and  the  remainder 
of  the  wall.  The  brickwork  was  generally  so  very  much  damaged  that  it  was  pushed 
over  with  ease  by  four  men. 

Wall  No.  3,  similar  in  every  respect  to  Walls  Nos.  1  and  2. 

A  charge  of  10  lbs.  of  powder  in  one  bag  was  applied  to  the  foot  of  the  face  of  the 
wall,  and  a  bushel  bag  filled  with  earth  was  placed  in  front  of  and  resting  on  the 
charge  of  powder. 

The  explosion  produced  complete  demolition  of  the  wall  and  piers. 

Wall  No,  i,  of  14-inch  work,  6  feet  high  and  6  feet  long,  without  counterforts  or 
piers. 

The  charge  was  of  10  Xba.  of  gunpowder,  not  weighted  with  bags  of  earth  or  sand. 

The  explosion  produced  no  apparent  effect  on  the  wall. 

The  same  WalL — The  charge  the  same  as  before  (10  lbs.  of  powder),  and  placed  in 
the  same  manner,  but  weighted  with  one  filled  bushel  bag  laid  upon  the  charge. 

The  wall  was  cracked  by  the  explosion,  but  was  not  very  materially  injured. 

Wall  No.  5f  of  14 -inch  work,  6  feet  long  and  6  feet  high,  with  piers  at  the 
extremities,  14  inches  square.     The  depth  of  the  foundation  was  12  inches. 

The  charge  of  8  lbs.  of  powder,  weighted  with  two  bags  filled  with  earth,  was 
placed  at  the  foot  of  the  wall,  near  the  centre. 

The  explosion  forced  some  of  the  bricks  out  of  the  bottom  of  the  wall,  which  was 
cracked  in  such  a  manner  as  to  be  quite  unfit  for  further  experiments. 

Wall  No.  6,  of  precisely  the  same  form  and  dimensions  as  Wall  No.  5. 

A  charge  of  20  tba.  of  powder,  not  weighted,  was  placed  as  in  the  preyious  experiment. 

By  the  explosion  the  wall  was  very  much  shaken,  so  that  it  lAight  have  been  easily 
pushed  over  by  three  or  four  persons  pressing  against  it. 

Wail  No.  7,  precisely  the  same  as  Walls  Nos.  5  and  6 . 

The  charge  was  15  Ihs.  of  powder,  weighted  with  three  bushel  bags  filled  with  earth, 
each  standing  on  end,  one  being  placed  at  either  extremity  of  the  charge,  and  the  third 
in  front  of  it  The  charge  was  lodged,  as  in  the  two  former  experiments,  upon  the 
ground  near  the  middle  of  the  foot  of  the  wall. 

By  the  explosion  the  wall  was  totally  destroyed. 

The  enclosure  wall  of  the  fire-bams  on  the  left  of  Chatham  Lines  is  of  good  brick- 
work, 14  inches  thick,  with  piers  at  intervals  of  10  feet,  and  it  is  10  feet  high. 

It  was  intended  to  breach  this  wall  by  two  charges  of  powder,  each  of  60  lbs.,  to  be 
placed  6  feet  only  apart ;  but  by  an  error  they  were  placed  10  feet  apart,  and  the 
consequence  was  that  two  openings  were  blown  through  the  wall,  as  shewn  in  the 
sketch,  instead  of  one  large  breach  being  formed ;  both  holes  were  large  enough,  how- 
ever, to  let  men  pass  through. 

It  may  be  deduced  from  these  experiments,  that  a  14-inch  wall,  however  well  built» 
may  be  breached  by  charges  of  60  lbs.  of  powder,  weighted  with  two  or  three  bags  of 
earth,  the  charges  being  not  more  than  5  or  6  feet  apart. 


Note, — Some  interesting  experiments  were  made  at  Chatham  in  September,  1850, 
under  the  direction  of  Colonel  Sir  F.  Smith.  A  charge  of  21  lbs.  of  powder  was  placed 
in  a  bag,  three  sides  of  which  were  of  leather,  the  other  of  light  canvas :  the  latter 
being  placed  against  a  stockade  which  was  6  inches  thick,  the  charge  was  fired  from 
the  centre  by  means  of  a  piece  of  Bickford's  fuze,  covered  with  gutta  percha,  and 
wrapped  in  a  piece  of  tinfoil,  being  inserted  into  it.  Another  charge  of  21  lbs.  of 
powder  was  placed  in  a  common  canvas  bag,  and  fired  in  the  ordinary  way  against  a 
similar  stockade. 

The  former  broke  the  stockade  immediately  above  the  bag. 
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The  latter  charge  had  no  effect  whateyer. 

The  proposition  appears  to  have  originated  with  the  Master-Gunner  of  Pendennis 
Castle,  Mr.  Copeland. — Editors, 


PHOTOGRAPHY*  has  now  attained  to  a  position  of  snch  acknowledged 
nsefnlness  in  reference  to  many  of  the  arts  and  sciences  in  which  the  Corps  of 
Boyal  Engineers  are  professionally  interested,  that  some  notes  on  the  subject  maj 
prove  valuable  to  officers  who  have  not  had  an  opportunity  of  studying  or  practising 
it.  So  many  excellent  works,  however,  on  photography  have  been  already  published, 
that  it  would  be  quite  superfluous  for  mo  to  enter  at  length  into  the  chemistry  or 
describe  minutely  the  manipulations  of  the  art :  it  will  be  sufficient  if  I  refer  my 
brother-officers  to  the  best  works  on  the  subject,  and  confine  myself  to  such  practical 
hints  as  may  be  likely  to  aid  in  the  selection  of  good  serviceable  apparatus,  and  in  using 
the  apparatus  to  the  best  advantage  under  the  varying  circumstances,  as  regards 
climate,  &c,  in  which  officers  may  be  placed.  And  as  this  beautiful  art  is  as  yet  bat 
in  its  infancy,  it  should  be  borne  in  mind  by  those  officers  who  have  had  any  experienoo 
in  the  working  of  photography  in  foreign  countries,  that  an  account  of  the  difficulties 
they  have  met  with,  and  the  means  they  have  found  most  effectual  in  overcoming  them, 
will  be  very  valuable. 

It  is  not  probable  that  photography  will  ever  be  of  much  service  on  the  field  of  battle, 
or  in  cases  where  very  great  expedition  is  necessary.  Success  in  photography  depends 
upon  the  favourable  combination  of  so  many  minute  circumstances  connected  with  the 
state  of  the  weather  and  the  chemical  agents  employed,  and  also  with  the  delicate 
apparatus  and  the  manipulation,  that  it  is  not  to  be  expected,  in  the  present  state  of 
our  knowledge  of  the  art,  that  any  good  results  should  be  obtained  under  the  on- 
fikvourable  conditions  of  hurry,  dust,  smoke,  &c.,  inseparable  from  active  military 
operations. 

In  reconnoitring  hostile  fortresses  it  is  possible  that  photographs  taken  by  means  of 
some  of  the  various  "dry"  processes  may  in  some  cases  prove  of  service ;  but  it  is 
not  probable  that  much  assistance  will  be  derived  from  photography  in  such  cases  on 
account  of  the  exceedingly  small  scale  on  which  distant  objects  are  represented  in  a 
picture  taken  by  means  of  the  camera,  even  when  the  apparatus  is  of  large  size.  And 
as  the  mze  of  the  apparatus  increases,  the  difficulties  connected  with  the  practice  of  the 
art  increase  also  in  a  very  rapid  ratio ;  it  becomes  also  a  more  conspicuous  object  for 
the  enemy's  marksmen. 

The  uses  to  which  photography  has  been  found  applicable  in  a  military  and  scientific 
point  of  view,  or  to  which  it  eridently  may  be  made  subservient,  are  briefly  as 
follows,  vix. : — 

1.  Obtaining  exact  records  of  the  progress  of  public  works  in  course  of  construction, 
which  may  take  the  place  of  those  tedious  ''progress  plans"  too  well  known  to  most 
officers  of  the  Corps ;  thus  saving  much  valuable  time  and  obtaining,  with  the 
minimum  of  labour  and  expense,  absolutely  truthful  representations  of  the  progress  of 
the  works. 

2.  Copying  plans  and  maps,  either  on  the  same  scale,  or  reduced  or  enlarged.  This 
application  of  photography,  first  made  use  of  on  an  extended  scale  by  Colonel  Sir  H. 
James,  Director  of  the  Ordnance  Survey,  has  lately  been  perfected  under  his  direction 
by  Captain  A.  de  C.  Scott  and  Corporal  Rider,  R.E.,  in  the  new  process  of  photo- 


*  By  Captaiu  Schaw,  H.  E. 
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Kineograpliy.  Sir  H.  James  will  doubtless  shortly  publish  full  details  of  this  most 
yalnable  disooTeiy,  which  promises  to  be  exceedingly  useful  to  the  Corps  and  to  the 
public  at  large. 

8.  Obtainiug  minutely  accurate  pictures  of  architectural  subjects  of  acknowledged 
excellence,  to  assist  in  designing  new  works  and  buildings ;  or  of  existing  buildings 
to  which  additions  or  alterations  are  required,  to  enable  the  designer  to  adapt  the  new 
work  to  correspond  with  the  old. 

4.  Preserving  exact  representations  of  fedlnres  in  buildinp  from  defectiye  founda- 
tions or  other  causes,  and  thus  possibly  avoiding  litigations  with  contractors  after  the 
defects  have  been  made  good. 

5.  Recording  the  effects  of  the  explosion  of  gunpowder  in  different  positions. 

6.  Recording  the  results  of  all  sorts  of  experiments  in  mechanical  constructions  or 
new  inventions,  shewing  their  success  or  failure,  and  illustrating  reports  on  the  subjects. 

7.  Illustrating  the  methods  of  making  military  bridges,  gabions,  fasdnes,  &c 

8.  Shewing  the  correct  positions  for  soldiers  in  their  various  drills,  such  as  rifle 
drill. 

9.  In  surveying  boundaries  of  different  countries,  photographs  of  remarkable  natural 
features  of  the  country,  which  may  either  occur  in  the  boundary  line  or  be  visible  from 
certain  points  in  it,  will  tend  to  fix  the  positions  of  the  line  with  great  certainty. 

10.  Obtaining  portraits  of  remarkable  persons  and  costumes  of  foreigners. 

For  amateurs,  photographs  of  scenes,  places,  and  persons  which  have  interested  them 
in  the  different  countries  they  may  have  visited,  must,  in  after  years,  prove  deeply 
interesting  both  to  themselves  and  to  others,  and  will  well  repay  the  trouble  and 
expense  incurred  in  obtaining  them. 

The  Photoobaphic  Procbssbs  Rsoommsndbd  to  bb  Euplotbd. — Of  all  the 
numerous  different  processes  by  means  of  which  sun-pictures  have  been  obtained,  the 
one  which  has  hitherto  been  found  in  every  way  the  most  satisfactory  is  the  ordinary 
process  of  taking  a  negative  picture  on  collodion,  from  which  almost  any  number  of 
positive  prints  on  paper  may  be  obtained.  For  very  large  pictures,  where  the 
rendering  of  minute  details  is  not  an  object,  the  calotype  or  other  process  for  taking 
n^atives  on  paper  may  be  preferred  occasionally ;  but  the  very  great  difficulty  of 
obtaining  paper  sufficiently  even  in  texture  and  free  from  impurities,  the  long  exposure 
in  the  camera  which  is  necessary,  and  the  still  more  tedious  process  of  development 
required  in  all  negative  paper  processes,  together  with  the  entire  destruction  of  the 
picture  resulting  from  the  least  failure  in  chemical  cleanliness  in  the  operations,  have 
proved  serious  obstacles  to  success  in  this  branch  of  photography.  And  even  the 
great  advantages  which  it  possesses  in  the  lightness  and  portability  of  the  material  on 
which  the  negative  image  is  formed,  and  the  power  of  dispensing  with  the  dark  tent^ 
with  all  its  paraphernalia,  when  taking  views  at  a  distance  from  the  dark  room,  have  not 
obtained  for  it  more  than  a  very  few  supporters  among  the  multitudes  who  now 
practise  the  ''black  art."  I  shall  therefore  not  further  allude  to  any  of  the  processes 
for  obtaining  negative  pictures  on  paper,  except  to  the  waxed  paper  process  of  Le  Ghray, 
which,  slightly  modified,  appears  to  have  given  the  most  general  satisfaction.  Some  of 
the  pictures  obtained  from  waxed  paper  negatives,  occasionally  to  be  seen  in  our  photo- 
graphic exhibitions,  nearly  equal  collodion 'pictures  in  the  clearness  of  the  details  and 
the  beautiful  gradations  of  half-tone.  In  hot  climates,  when  the  stock  of  collodion  haa 
been  spoiled  (an  accident  that  will  occur  sometimes),  it  may  be  worth  while  occasionally 
to  use  waxed  paper  as  a  substitute  for  it.  I  have  therefore  appended  a  description  of 
a  waxed  paper  process  which  has  been  found  to  succeed  very  well  at  Bombay.  It  is  from 
the  pen  of  Mr.  H.  Stanley  Crawford,  Secretary  to  the  Bombay  Photographic  Society, 
and  was  published  in  the  Photographic  News,  Vol.  I.,  No.  18,  August  5,  1859. 
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The  remaining  processes  may  be  divided  into  dry  collodion,  properly  so  called,  and 
the  honey  and  oxymel,  and  other  processes  where  the  sensitive  snrfiEioe  is  coated  with 
some  jtreservative  solution  which  remains  moist  for  a  considerable  length  of  time,  and 
in  which  the  plates  must  be  exposed  while  the  surface  still  remains  moist.  Although 
very  exquisite  pictures  may  be  obtained  at  some  distance  from  the  operating  room  bj 
means  of  the  latter  class  of  processes,  yet  the  very  great  care  necessary  in  avoiding 
dust,  kc.f  render  them  quite  unfitted  for  military  purposes.  The  dry  collodion  processes 
may  be  subdivided  into  those  in  which  the  collodion,  either  simply  iodized,  or  mixed 
with  some  resinous  substance,  is  sensitized,  washed,  and  dried  ;  and  those  in  which  the 
sensitized  film  of  collodion  is  covered  with  some  preservative  agent,  such  as  albumen, 
gelatine,  gum,  &c.  A  great  variety  of  such  processes  are  before  the  public,  and 
nearly  all  of  them  have  been  tried  with  more  or  less  success  at  this  establishment  I 
but  our  experience  does  not  warrant  me  in  recommending  any  one  of  them  as  a  sure 
and  simple  process  for  plates  of  a  large  size.  Good  results  have  been  produced  by 
skilful  operators  with  nearly  all  of  these  processes,  yet  failures  are  so  frequent,  and  so 
difiScult  to  account  for,  or  to  avoid,  that  it  would  seem  as  if  the  great  desideratum  of  a 
simple  and  certain  dry  process  has  not  yet  been  realized.  A  special  collodion  made 
with  acids  at  a  high  temperature,  and  giving  a  ^'powdery"  film  which  is  porous  and 
adheres  strongly  to  the  glass,  appears  essential  for  success  with  dry  collodion. 

All  the  dry  collodion  processes  have  given  better  results  when  small  plates  were 
used  than  in  larger  pictures  ;  both  because  the  small  plates  are  more  easily  prepared, 
and  because  the  light  acts  more  powerfully  on  the  sensitive  surface  in  proportion  as  the 
lens  has  a  shorter  focus. 

The  time  of  exposure  in  the  camera  appears  to  be  about  the  same  for  all  the  dry 
collodion  processes,  viz.,  about  six  times  that  required  for  a  wet  collodion  plate,  under 
the  same  circumstances,  and  with  a  moderately  quick  working  collodion  ;  but  in  regard 
to  rapidity  of  development,  the  Fothcrgill  and  gum-arabic  processes  have  a  consider- 
able advantage  over  the  others,  requiring  not  more  than  twice  as  long  as  wet  collodion, 
while  plates  prepared  by  the  other  dry  collodion  processes  are  usually  very  tedious  in 
development. 

As  regards  all  the  **  dry  processes,"  however,  whether  on  paper  or  glass,  where  the 
tent  is  not  taken  into  the  field  and  the  picture  is  developed  either  at  the  end  of  a  tour 
or  in  the  eveniug  of  the  day  on  which  the  view  was  taken,  there  is  so  much  uncertainty 
about  the  results,  and  disappointment  occurs  so  frequently  when  it  is  too  late  to  repair 
it  by  exposing  another  plate,  that,  with  all  its  inconveniences,  the  wet  collodion 
process  is  very  much  to  be  preferred.  If  a  failure  does  occur  (as  it  often  will)  in 
working  with  wet  collodion,  it  is  apparent  at  once,  and  the  operator  can  try  again, 
and  generally  by  patience  and  ingenuity  he  will  overcome  his  difficulties,  and  not  leave 
the  subject  he  wishes  to  take  a  picture  of  until  he  has  obtained  a  good  negative. 

The  manipulations  of  the  wet  collodion  process  are  so  thoroughly  described  in 
'^Hardwich's  Photographic  Chemistry,"  and  in  the  numerous  hand-books  published 
on  the  subject,  that  I  need  not  notice  them  here ;  but  pass  on  to  describe  the  apparatus 
necessary. 

The  Camera. — A  good  well- seasoned  mahogany  camera,  brass-bound,  with  sliding 
body,  is  the  most  generally  useful  form  ;  but,  for  portability,  cameras  are  made  to  fold 
down  flat  by  means  of  hinges  in  the  sides,  and  these  are  much  more  durable  than  the 
still  more  portable  form  with  an  accordion  body  ;  the  last  mentioned  form,  however,  is 
extremely  light,  and  when  provided  with  proper  brass  stays  to  prevent  its  being 
shaken  by  the  wind,  is  sufficiently  steady. 

Accordion  bodies  are  not  to  be  recommended  for  hot  climates,  as  insects  eat  the 
leather  and  destroy  the  camera.     If  the  camera  is  required  for  copying  drawings,  &c» 
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full  mxe,  it  should  be  made  entirely  of  wood,  and  be  provided  with  an  elongated  front 
in  order  to  remove  the  lens  far  enough  from  the  sensitive  surface  ;  this  front  may  be 
made  moveable,  so  that  the  camera  may  Le  used  also  for  landscape  and  portraiture. 
In  the  lists  of  materials,  &c.,  appended  to  this  paper,  two  descriptions  of  camera  are 
mentioned  for  a  Qovemment  Photographer.  The  mahogany  camera  would  be  most 
generally  serviceable,  and  that  with  an  accordion  body  would  be  more  convenient  for 
expeditionary  purposes. 

The  three  points  essential  in  a  camera,  are — 

1st.  That  it  keeps  out  the  light  perfectly. 

2nd.  That  it  iB  firm  and  steady. 

3rd.  That  the  focussing  glass  and  dark  slide  are  so  carefully  adjusted  that  when  the 
former  is  replaced  by  the  latter,  the  sensitive  surface  may  occupy  precisely  the  sanM 
position  with  reference  to  the  lens  that  the  roughened  surface  of  the  focussing 
glass  had. 

A  failure  in  the  1st  point  will  give  foggy  pictures,  or  pictures  with  dark  spots 
recurring  in  the  same  place.  A  failure  in  the  2nd  point  will  be  fatal  to  the  tk^'^pneu 
of  the  negative  when  there  is  any  wind,  as  the  camera  will  move,  and  a  number  of 
images  will  be  formed  instead  of  one.  If  the  3rd  point  be  not  attended  to  the  pictures 
must  always  be  out  of  focus,  however  carefully  they  may  have  been  focussed  on  the 
greyed  glass. 

The  steadiest  form  of  ti'ipod-stand  for  a  large  camera  is  that  in  which  there  are 
three  long  screws  which  jiass  through  the  tops  of  the  legs  and  through  the  metal 
triangular  frame  on  which  the  camera  rests.  These  screws  can  be  tightened  up  and 
the  stand  made  perfectly  firm. 

For  a  small  camera  the  more  usual  form  of  tripod,  in  which  the  elasticity  of  the 
wood  of  which  the  legs  arc  made  serves  to  keep  the  two  portions  of  each  leg  firmly 
pressed  against  the  triangular  top,  is  sufficiently  steady,  but  legs  which  have  a  joint  in 
the  middle  of  their  length  are  never  steady. 

It  is  of  importance  that  the  focussing  glass  should  be  of  glass  specially  prepared  for 
the  purpose  and  very  finely  greyed,  or  it  will  be  difficult  to  focus  correctly. 

When  working  with  paper,  a  ditfercnt  form  of  dark  slide  for  the  camera  is  required 
from  that  suited  for  collodion  on  glass. 

As  regards  the  iiz£  of  camera,  it  must  depend  very  much  on  the  expense  which  it  is 
intended  to  incur  ;  but  it  should  be  borne  in  mind  that  the  difficulties  of  the  manipu* 
lation  and  the  weight  to  be  carried  increase  rapidly  with  the  size  of  the  picture,  and 
also  that  the  quantity  of  collodion  and  other  chemicals  necessary  must  vary  as  the 
areas  of  the  glass  pktes  used. 

Plates  10  inches  by  12  inches,  or  9  inches  by  11  inches,  are  those  usually  employed 
by  the  photographers  of  the  Corps,  and  for  Government  purposes  the  size  ought  not,  in 
my  opinion,  to  be  diminished  ;  but  for  an  amateur  I  should  recommend  a  camera  that 
will  take  pictures  of  what  is  called  the  whole  plate  size,  viz.,  8g  inches  by  6^  inches,  or 
even  as  small  as  6  inches  by  5  inches  :  and  there  should  be  a  spare  frame  to  fit  in  the 
dark  slide  to  take  plates  4.^  inches  by  3;^  inches  for  portraits.  Cameras  are  sometimes 
made  squart^  so  as  to  allow  of  the  plate  being  used  with  its  greater  dimension  either 
horizontal  or  vertical.  This  is  useful  in  architectural  subjects  occasionally,  but  the 
same  object  may  be  obtained  with  greater  portability  (though  at  a  sacrifice  of  con- 
venience) by  making  the  camera  so  that  it  can  be  fixed  on  the  stand,  either  on  its 
h^lom  or  on  its  tidt. 

The  stereoscopic  camera  is  preferred  by  some,  and  it  has  its  advantages  ;  but  the 
larger  single  picture  which  may  be  obtained  on  a  plate  of  the  same  area  is  in  most 
respects  more  satisfactory  than  the  two  small  ones,  and  when  viewed  with  mt  eye 
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gives  the  same  effects  of  solidity  and  distance  so  well  that  it  appears  to  me  rery  much 
to  be  preferred. 

Thb  Bath  for  containing  the  nitrate  of  silver  solution  for  sensitizing  plates  is  best 
mode  of  gutta  percha,  enclosed  in  a  wooden  case  with  a  top  which  screws  on.  The 
inside  of  the  bath  should  be  coated  with  shell-lac  varnish,  by  dissolving  shell-lac  in 
methylatffd  alcohol  in  the  proportion  of  about  1  oz.  of  shell-lac  to  6  oz.  of  alcohol,  and 
pouring  it  into  the  bath  and  letting  it  flow  all  over  the  interior,  when  the  superfluous 
liquid  may  be  poured  off,  and  the  bath  left  to  drain  mouth  downwards,  until  the  lac 
has  hardened,  which  will  generally  take  place  in  about  12  hours.  This  precaution  is 
necessary  owing  to  the  impurities  which  are  frequently  found  in  commercial  gutta 
percha,  and  which  decompose  the  nitrate  of  silver.     The  dipper  should  be  of  glass. 

Glass  baths  in  wooden  cases  are  very  good,  but  they  are  expensive,  heavy,  and  very 
liable  to  fracture.  The  bath  should  be  at  least  1  inch  deeper  than  the  length  of  the 
plate  to  be  immersed  in  it,  to  avoid  spilling  and  to  insure  the  plate  being  covered  with 
the  solution. 

Thb  Lenses  are  the  most  important  part  of  the  apparatus ;  defects  in  the  camera 
and  even  in  the  chemicals  may  be  remedied  more  or  less  perfectly,  but  a  bad  lens  im 
fatal ;  therefore  I  should  not  recommend  economy  in  this  particular. 

For  landscape  photo^^raphy  the  ordinary  view-lens  obtained  from  a  good  maker  is  as 
satisfactory  as  any ;  but  in  architectural  subjects  the  distortion  which  is  unavoidable 
in  this  form  of  lens  is  very  annoying,  esx)ecially  ^i  the  vertical  lines  of  buildings,  which 
are  invariably  bent  into  curves. 

For  such  subjects  the  new  form  of  lens  known  as  the  **  orthoscopic "  or  "  calo- 
scopic*'  lens  is  very  useful,  as  it  corrects  the  distortion  above  alluded  to  ;  it  gives  also 
tk  flatter  field  than  the  ordinary  view-lens,  that  is,  if  the  object  to  be  copied  be  nearly 
in  one  plane,  such  as  a  drawing,  the  whole  of  it  will  be  brought  clearly  into  focus  from 
the  centre  to  the  edge,  which  will  be  found  to  be  impossible  with  the  oi-dinary  single 
view-lens,  the  iuLige  formed  by  the  latter  being  on  a  curved  surface  while  the  sur&ce 
on  which  it  is  received  is  flat. 

In  taking  a  view,  however,  in  which  there  are  objects  at  various  distances  from  the 
camera,  the  orthoscopic  lens  is  inferior  to  the  ordinary  view-lens,  as  it  has  not  the 
same  depth  of  focus,  ue,  objects  in  the  foreground  and  in  the  middle  distance  cannot 
both  be  sharply  focussed,  while  the  extreme  distance  is  almost  lost.  By  using  a  small 
stop  or  diaphragm  with  the  ordinary  view- lens,  objects  in  the  foreground  and  distance 
may  both  be  photographed  at  the  same  time  with  considerable  success. 

The  aplanatic  lens,  patented  by  Mr.  Grubb,  is  said  to  combine  in  some  measure  the 
good  qualities  of  both  the  before-mentioned  lenses  ;  the  one  which  I  have  used,  how- 
ever, does  not  give  straighter  lines  than  the  ordinary  view-lens  ;  but  it  is  exceedingly 
convenient  in  some  cases  from  having  a  very  short  focus  and  taking  in  a  larger  angular 
extent  of  subject  than  either  of  the  other  lenses.  On  the  whole,  for  taking  views,  I 
should  recommend  both  a  Orubb  lens  and  a  caloscopic  or  orthoscopic  lens  for  govern- 
ment purposes,  and  the  former  only,  or  even  a  good  ordinary  view  lens,  for  an 
amateur.     For  taking  portraits  there  should  always  be  a  separate  lens. 

In  portrait  lenses  the  chance  of  getting  an  inferior  article  is  very  great  if  cheap 
makers  be  resorted  to.  Koss's  are  said  to  be  the  best.  Grubb' s  are  also  very  good. 
Those  made  by  Home  and  Thomthwait  are  also  good  and  not  quite  so  expensive. 
Doubtless  many  other  makers  produce  equally  good  articles  ;  but  good  lenses  have  a 
certain  market  value,  and  below  that  price  the  lenses  must  be  inferior. 

As  the  diameters  of  jwrtrait  lenses  increase,  so  also  do  the  difiiculties  of  manu- 
facture and  the  price,  hence  small  portrait  lenses  to  cover  plates  of  from  4  inches  by 
8  inches  to  6|  inches  by  4£  inches,  and  costing  from  £6  to  £10,  are  to  be  preferred 
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for  amateurs.     The  French  portrait  lenses  are  cheaper  than  those  of  English  mann- 
fitctnre,  and  if  carefully  selected  are  often  Tery  good. 

Lenses  are  sold  which  by  changing  the  positions  of  the  glasses  may  be  made  to 
answer  both  for  landscapes  and  for  taking  portraits,  either  of  single  figures  or  of 
groups.  When  such  lenses  are  really  good  they  have  undoubted  advantages  on  the 
score  of  portability  and  cheapness  ;  but  the  unscrewing  and  refitting  the  glasses  Ib 
incouTenient,  and  there  is  always  a  risk  of  dropping  the  glasses  and  injuring  them, 
moreover  the  action  of  these  lenses  is  seldom  perfect.  The  best  are  said  to  be  those 
made  by  Jamin  of  Paris. 

The  Dabk  Room  or  Teiit. — An  operating  chamber  from  which  white  light  is 
excluded  may  generally  be  fitted  up  in  any  building  with  very  little  labour  or  expense. 
The  conditions  required  are  that  it  should  be  free  from  dust  and  draughts  of  air,  that 
all  white  light  should  be  excluded,  but  enough  yellow  or  orange  light  admitted  to 
work  by.  The  proper  amount  of  yellow  light  may  be  obtained  by  means  of  yellow 
glass,  or  yellow  calico,  or  a  candle.  The  operating  room  should  hare  a  waste  sink 
and  a  good  supply  of  water,  and  for  the  latter  a  tap  is  very  conrenient.  An  eyeo 
temperature  of  about  60**  with  a  moderately  dry  atmosphere  is  best. 

For  a  portable  tent  a  simple  frame- work  of  light  wood,  about  6  J  feet  high,  support- 
ing a  light  board  for  a  table,  about  16  inches  by  30  inches,  at  4  feet  from  the  ground, 
with  a  coTering  thrown  over  all  consisting  of  two  thicknesses  of  yellow  calico  and  one 
of  black  calico,  is  very  convenient.  An  opening  1  foot  sqnare  for  a  window  should  be 
left  in  the  black  calico,  and  an  extra  thickness  of  yellow  calico  may  be  substituted  for 
it  if  the  light  be  too  strong.  American  drill-dyed  orange  is  better  than  yellow  calico 
if  it  can  be  procured.  A  very  simple  form  of  tent  is  described  in  Hardwich's  Photo- 
graphic Chemistry,  page  261 ;  but  I  should  recommend  that  the  covering  should  be 
allowed  to  fall  down  to  the  ground,  and  that  it  should  have  a  double  lap  in  front  so  as 
to  allow  the  operator  to  get  in  without  being  tied  into  a  bag.  The  form  of  tent-frame 
used  at  Chatham,  designed  by  Captain  Fowke,  R.E.,  is  quite  portable,  the  long  pieces, 
which  form  the  sides,  being  jointed,  and  the  table  secured  to  them  by  brass  thumb- 
screws ;  the  top  bars  are  halved  together  and  kept  in  place  by  spikes  on  the  side  pieces. 

Paokino  ahd  Transport. — In  taking  photographs  in  the  vicinity  of  Chatham  we 
have  found  it  convenient  to  pack  all  the  materials  required  for  a  day's  work  in  one 
box  about  2  feet  9  inches  by  1  foot  5  inches,  by  10  inches  deep,  which  is  carried  by 
two  men  by  means  of  two  poles  ;  or  light  wheels  may  be  fitted  to  the  box,  and  it  can 
be  drawn  by  one  nmn  where  there  are  roads.  As  this  box  holds  all  the  materials  for 
a  day's  work  with  plates  10  inches  by  12  inches,  a  much  smaller  box  will  suffice  for 
an  amateur  using  a  camera  for  pictures  8|  inches  by  6|  inches.  On  service,  or  in  most 
foreign  conntries,  it  will  be  found  more  convenient  to  divide  the  apparatus  between 
two  boxes,  which  will  be  more  manageable,  and  may  be  slung  on  either  side  of  a  pack- 
saddle.  The  chemicals  should  be  packed  in  one  box  with  compartments,  and  the 
camera,  plates,  &c.,  in  the  other.  The  tent  would  form  a  third  package,  and  might 
be  secured  conveniently  on  the  top  of  a  pack-saddle  between  the  boxes.  In  travelling 
any  distance  it  is  best  to  pour  off  the  bath  and  solution  into  a  large  bottle  kept  for  the 
purpose,  which  should  be  impervious  to  light.  A  square  gutta  percha  bottle, 
varnished  inside  with  shell-lac,  will  be  found  Tery  convenient  for  the  purpose.  For  a 
short  distance  the  bath  may  be  carried  by  hand  in  its  trough  with  the  lid  screwed  down. 

SuN-PBHTTmo. — Flat  porcelain  dishes  are  best  for  preparing  sensitive  paper  for 
printing,  and  for  toning  the  prints  with  chloride  of  gold ;  and  pressure  frames  with 
spring  backs  are  preferable  to  those  where  the  pressure  is  applied  by  means  of 
screws,  as  the  irregular  pressure  of  the  latter  frequently  breaks  the  negatives. 
American  clips  are  Tery  useful  for  hanging  up  the  paper  to  diy.    In  albumenising 
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large  qnantities  of  paper  for  printing,  it  is  much  quicker  to  brush  the  albumen  solu- 
tion on  with  broad  flat  brushes  of  hogs'  liair  (such  as  tlioso  used  by  house  painters) 
than  to  float  the  paper  on  tlie  solution  in  the  onliuary  way.  The  solution  is  brushed 
on  evenly  in  one  tlirectlon  first,  and  the  sheets  hung  up  to  dry ;  when  dry 
a  second  coating  is  given,  the  brush  being  used  in  a  direction  at  right  angles  to 
that  at  first  adopted,  and  the  paper  is  again  hung  up  to  dry.  The  operation 
requires  care  to  avoid  streaks  or  bubbles ;  but  after  a  little  practice  it  becomes 
yery  easy.  It  is  best  perf)rmed  on  a  board  rather  smaller  than  the  sheet  to  be 
albumenized ;  this  prevents  the  brush  from  becoming  contaminated  with  diri,  as 
it  touches  nothing  but  the  surface  of  the  paper.  Amateurs  are  however  recommended 
to  purchase  albumenized  paper  from  respectable  dealers. 

A  few  gutta  percha  trays  are  very  useful  for  washing  prints,  for  fixing  them,  for 
catching  the  waste  solutions  when  developing  in  a  tent,  and  for  washing  collodion 
plates  when  preparing  them  for  any  of  the  dry  processes. 

The  paper  best  suited  for  photographic  printing,  especially  when  the  pictures  are 
small,  is  that  known  as  negative  paper,  and  ^^Canson's"  is  generally  considered  the 
finest.  The  thicker  sorts  of  paper,  called  positive  paper,  arc  sometimes  useful  for 
large  subjects. 

The  glass  recommended  generally  for  collodion  negatives  is  patent  plate,  which  is 
yery  expensive.  The  best  IGoz.  sheet  glass  answers  the  purpose  sufiiciently  well  and 
IS  much  cheaper.  Such  glass  is  how^ever  sometimes  diflicult  to  clean,  and  occasionally 
it  is  not  quite  flat,  which  makes  it  unsuitable  for  the  purpose  of  photography. 

The  pneumatic  plate  holder  is  indispensable  for  plates  larger  than  8|  inches  by 
6^  inches,  and  it  is  very  convenient  for  these  or  even  smaller  plates.  The  globe 
plate  holder  is  a  convenient  form  for  small  plates. 

The  Chemicals  required  for  photographic  purposes  should  be  exceedingly  pure, 
or  the  results  will  be  generally  unsatisfactory.  It  is  recommended  that  they  be 
obtained  from  makers  of  reputation,  who  devote  their  attention  to  this  branch 
especially.  We  have  dealt  with  Messrs.  Th(»mas,  10,  Pall  Mall ;  Hopkin  and 
Williams,  5,  New  Cavendish  Street,  Portland  Place ;  or  Burfield  and  Rouch,  180, 
Strand,  London. 

Two  lists  are  appended  to  this  Paper,  the  one  giving  the  materials  required  for  a 
year's  supply  for  a  photographer  constantly  employed  on  Government  work  ;  the  other 
for  a  small  equipment  for  an  amateur  working  with  plates  7  inches  by  6  inches  for 
views,  and  4\  inches  by  '6\  inches  for  portraits. 

For  foreign  stations  more  than  usual  care  must  be  used  in  selecting  the  collodion, 
as  it  is  a  very  unstable  compound,  and  if  not  perfectly  pure,  and  prepared  in  the 
best  manner,  it  rapidly  becomes  unfit  for  use.  Mr.  Hardwich's  collodion,  now 
manufactured  by  Messrs.  Burfield  and  Rouch,  l>car8  a  very  high  character  ;  so  also 
do  those  manufactured  by  Mr.  Thomas,  Pall  Mall,  London,  and  by  Mr.  Keen,  of 
Leamington.  The  last  named  is  specially  adapted  for  the  dry  processes,  and  may  be 
obtained  from  any  respectable  dealer.  At  the  Ordnance  Survey  OflSce,  Southampton, 
pyroxyline  has  been  obtained  from  Mons.  Cappe,  4,  Quai  de  Billet,  Paris,  and  we 
have  used  the  same  here  for  a  considerable  time.  At  first  it  gave  admirable  results, 
but  it  has  deteriorated  by  keeping,  and  latterly  we  have  found  it  uncertain  in  its 
action.  If  pyroxyline  be  purchased,  and  made  into  collodion  as  required,  the  ether 
used  must  be  carefully  preserved  from  the  efl'ects  of  light  and  heat,  or  the  collodion 
will  rapidly  assume  a  dark  colour  on  being  iodized,  and  become  insensitive  and 
useless. 

Upon  the  whole  I  should  not  recommend  amateurs  to  attempt  the  manufacture 
pf  their  own  collodion,  unless  they  are  expert  chemists.     The  substance  is  so  very 
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easily  altered  in  its  properties,  that  failures  are  almost  certain  to  occur  frequently, 
and  it  will  be  better  and  cheaper  eyentually  to  purchase  the  collodion  from  good 
makers.  It  will  be  well,  however,  to  have  two  iodizing  solutions — one  iodide  of 
cadmium,  the  other  iodide  of  potassium  ;  these  two  iodlzei's  are  now  sold  with 
nearly  all  good  collodions,  and  may  bo  varied  according  to  circumstances.  The 
cadmium  iodizer  is  very  valuable  in  hot  climates,  as  collodion  there  rapidly  acquires 
the  property  of  liberating  iodine  from  iodide  of  potassium,  when  it  gives  wea]( 
pictures  and  requires  long  exposure.  It  will  be  best  also  to  get  collodion  sent  out  in 
small  quantities  at  a  time ;  there  will  thus  be  less  risk  of  the  whole  stock  turning 
bad. 

I  have  made  no  mention  of  the  positive  collodion  process,  because  the  negatiye 
process  is  so  much  to  be  preferred,  that  it  is  not  worth  while  for  an  officer  who  haa 
other  occupations  to  waste  his  time  upon  it ;  and  as  the  pictures  cannot  be  multiplied, 
and  are  on  such  a  heavy  and  fragile  material  as  glass,  they  arc  useless  for  military 
purposes. 

Some  general  directions,  not  found  in  most  books  on  the  subject,  with  reference 
to  the  process  of  taking  negatives  on  glass,  and  printing  positives  on  paper,  may  be 
useful  in  conclusion ;  but  for  full  details  of  the  process,  with  explanations  of  the 
chemical  theory,  and  directions  for  overcoming  all  sorts  of  photographic  difficulties,  the 
reader  is  refeiTed  to  the  5th  eilltlon  of  **  Ilardwich^s  Photographic  Chemistry." 

GsKERAL  Directions  for  Taking  Neqatiyes. — After  having  tried  nearly  all  the 
Tarious  methods  recommended  for  cleaning  photographic  glosses,  we  have  not  found  any 
more  oonvenient  detergent  than  tripoli  powder  mixed  with  enough  diluted  alcohol  (1  alcohol 
to  6  water)  to  bring  it  to  the  consistency  of  cream.  In  applying  this  a  small  quantity  is 
dropped  on  the  plate,  which  is  laid  on  a  pad  of  blotting  paper,  and  with  a  tuft  of 
cotton  wool  the  tripoli  is  well  rubbed  over  the  surface,  and  cleaned  ofif  with  another 
tuft ;  the  plate  is  then  turned  over,  and  the  other  side  treated  in  like  manner,  and  the 
edges  carefully  wiped  ;  it  is  then  examined  to  see  if  there  be  any  scratch  or  flaws  oa 
either  side,  and  the  best  side  is  selected  for  the  collodion,  the  pneumatic  holder  is  fixed 
to  the  other  side,  and  the  surface  is  polished  with  an  old  silk  handkerchief,  or  piece  of 
wash  leather,  the  latter  being  rather  preferable.  A  little  methylated  alcohol  is  oftea 
sufficient  to  remove  a  slight  stain  on  the  glass. 

The  bath  should  always  be  kept  covered  to  preserve  it  from  dust  and  light,  a  brown 
paper  cap  which  will  drop  on  loosely  is  most  oonvenient  in  the  operating  room. 

In  very  hot  climates  chemical  changes  proceed  so  rapidly  that  half  a  minute  or  less 
in  the  buth  may  be  sufficient,  although  in  cold  weather  from  2  to  5  minutes  is 
generally  necessary. 

The  plate  should  be  well  drained  before  putting  it  into  the  camera  slide,  and 
if  this  is  done  on  the  dipper  over  the  bath  a  good  deal  of  solution  will  be  saved. 
A  strip  of  clean  blotting  paper  laid  on  the  back  of  the  plate  near  its  lower  edge,  after 
it  is  placed  in  the  slide,  is  a  useful  precaution,  as  It  saves  the  slide  from  the 
corroding  action  of  the  waste  solution  which  would  otherwise  run  down  into  the 
groove  at  the  bottom,  and  which  also  is  a  fruitful  source  of  spots  on  the  picture 
from  the  slide  being  shut  down  too  forcibly  and  splashing  up  some  of  this  liquid  on  to 
the  plate. 

The  sooner  the  plate  is  exposed  and  developed  the  better,  especially  in  hot  weather  ; 
but  in  cool  damp  weather,  if  the  collodion  gives  a  good  thick  creamy  film,  it  may  some- 
times  be  kept  for  half  an  hour,  or  even  three-quarters  of  an  hour ;  and  when  the 
necessity  of  a  very  long  exposure,  as  in  photographing  interiors,  obliges  such  a  course, 
it  may  be  useful  to  re-dip  the  plate  in  the  bath  before  developing  :  this  practice  is  not, 
however,  to  be  recommended,  as  there  is  great  danger  of  carrying  some  organic  impurity 
into  the  bath,  and  so  patting  it  out  of  order. 
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In  deTeloping  an  under  exposed  picture  in  which  the  details  of  the  shadows 
appear  yery  slowly,  the  development  should  be  carried  on  as  far  as  possible  before 
adding  nitrate  of  silyer  to  the  solution.  If  the  picture  be  over  exposed,  on  the  other 
hand,  it  is  best  to  fix  it  as  soon  as  the  details  of  the  shadows  appear,  and  after 
well  washing  it,  it  maj  be  intensified  if  necessary  with  pyrogallio  acid  and  nitrate  of 
•ilver. 

When  hyposulphite  of  soda  is  used  for  fixing  (which  I  should  generally  advise  in 
preference  to  cyanide  of  potassium),  it  is  best  to  leave  the  plate  for  a  while  in  a  dish  of 
water  before  intensifying  it,  as  the  least  trace  of  hyposulphite  of  soda  remaining  on  the 
film  would  cause  a  stain. 

In  cases  when  a  sufficient  supply  of  water  for  washing  the  picture  after  fixing  is  not 
procurable,  cyanide  of  potassium  may  be  preferable  to  hyposulphite  of  soda,  as  it  is 
more  easily  removed ;  but  it  must  be  used  very  carefully,  or  the  delicate  half-tones  of 
the  picture  will  be  injured. 

A  very  excellent  and  durable  varnish  is  made  by  dissolving  white  lac  in  alcohol, 
but  it  requires  the  aid  of  artificial  heat  to  dry  it  rapidly,  or  it  will  have  a  dull 
surface. 

Good  varnishes  are  sold  composed  chiefly  of  gum  benzoin  or  amber  dissolved 
in  chloroform,  which  may  be  used  without  artificial  heat  and  are  therefore  more 
convenient ;  they  are,  however,  more  expensive. 

In  photographing  landscapes  or  architectural  subjects,  a  view-meter  is  exceedingly 
useful ;  it  is  a  small  hollow  truncated  pyramid  of  tin,  constructed  so  that  when  applied 
to  the  eye,  the  field  of  vision  is  limited  to  exactly  what  will  be  depicted  upon  the 
sensitive  surface  by  the  lens  to  which  it  corresponds.  The  best  point  of  view  may 
thus  be  selected  without  moving  the  camera  from  place  to  place.  Full  consideration 
should  invariably  be  given  to  this  important  particular,  as  the  value  of  the  finished 
photograph,  as  a  picture,  will  mainly  depend  upon  the  taste  and  judgment  displayed 
in  selecting  the  point  of  view. 

A  moveable  front  to  the  camera  is  frequently  of  great  use  in  regulating  the  amount 
of  foreground  in  the  picture  without  disturbing  the  horizontal  position  of  the  camera, 
which  should  always  be  carefully  preserved,  or  the  subject  will  be  distorted  into  the 
shape  of  a  p3n'amid,  the  vertical  lines  converging  upwards  or  downwards  according  to 
the  direction  in  which  the  camera  is  inclined. 

In  focussing,  the  principal  objects  should  be  most  sharply  defined,  and  in  general  a 
want  of  clear  definition  in  the  foreground  will  be  more  disagreeable  than  if  the  distance 
be  slightly  out  of  focus. 

In  judging  the  necessary  time  of  exposure,  which  can  only  be  done  by  practice^ 
it  should  be  remembered  that  the  total  amount  of  light  which  is  thrown  on  the 
sensitive  surface  through  the  lens  mainly  influences  the  results.  For  instance,  a  large 
building  covered  with  ivy,  which  occupies  nearly  the  whole  of  the  picture,  would 
require  a  considerably  longer  exposure  than  a  comer  of  a  wall  of  the  same  building 
occurring  in  a  portion  of  a  well  lit  landscape,  although  the  camera  were  at  the  same 
distance  from  the  building  in  both  cases.  On  the  same  principle,  the  nearer  the 
object  to  be  copied  is  to  the  camera  the  longer  will  be  the  necessary  exposure  to 
produce  a  good  picture. 

In  copying  drawiugs,  &c.,  with  the  elongated  front,  it  is  essential  that  the  planes 
of  the  picture  to  be  copied,  and  of  the  sensitive  surface,  be  exactly  parallel,  otherwise 
distortion  of  the  image  will  result.  A  small  stop  is  necessary  in  copying  drawings 
with  the  ordinary  view-lens  to  overcome,  as  far  as  possible,  the  curving  of  straight 
lines  into  a  barrel  shape,  which  is  the  great  defect  of  that  form  of  lens.  The 
curvature  of  the  image  (i.  e,  its  being  formed  on  a  curved  surface  instead  of  a  plane 
one,  as  before  mentioned)  renders  it  impossible  to  foons  the  whole  picture  with  eausl 
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aharpnefis,  it  is  best  therefore  to  focns  on  an  annular  ring  midway  between  the  centre 
and  outside  of  the  picture ;  by  this  means  the  whole  picture  is  nearly  in  focus.  When 
great  accuracy  is  required  only  a  small  portion  of  the  field  of  Tiew  should  be  used, 
say  7  inches  square  for  a  lens  used  to  cover  a  10"  x  12  "  plate.  With  a  good  lens  the 
distortion  may  thus  be  so  far  reduced  as  to  become  inappreciable.  When  the  drawing 
to  be  copied  is  at  all  yellow  or  soiled  it  is  generally  necessary  to  intensify  the  negatire 
by  means  of  bichloride  of  mercury  to  obtain  good  results. 

The  mode  'of  doing  so  is  as  follows  : — The  negative  is  rather  under  exposed  and  is 
developed  and  fixed  as  usual,  but  not  intensified  with  nitrate  of  silver ;  it  is  then 
immersed  in  a  saturated  solution  of  bichloride  of  mercury  till  it  is  thoroughly 
whitened ;  it  is  then  washed  and  flooded  with  a  solution  of  10  parts  of  water  to  1  part 
of  hydrosulphate  of  ammonia,  which  rapidly  forms  a  sulphuret  of  silver  and  mercury  of 
great  density.  The  picture  is  then  washed  and  varnished  as  usual :  should  the 
hydrosulphate  of  ammonia  be  too  weak,  sufficient  density  will  not  be  attained. 

To  clean  the  glasses  after  they  have  been  used  in  this  way  it  is  necessary  to  soak  them 
in  a  strong  solution  of  iodine  and  iodide  of  potassium  before  applying  the  tripoli  powder. 

In  portraiture,  the  grouping  of  the  figures,  the  dress,  and  the  background  all  require 
careful  attention.  A  dark  background  gives  generally  the  most  pleasing  effect,  and 
the  figure  stands  out  better  from  the  background  when  the  latter  is  slightly  out  of 
focus.  It  is  generally  necessary,  in  photographing  a  single  sitting  figure,  to  point  the 
axis  of  the  lens  somewhat  downwards,  so  as  to  bring  the  focussing  screen  nearly 
parallel  to  the  general  direction  of  the  figure. 

Chx>ups  of  figures  may  be  taken  successfully  in  a  good  light,  with  a  single  lens  of 
short  focus,  using  the  largest  aperture.  A  good  portrait  lens  is  however  generally 
better  for  the  purpose,  as  the  necessary  time  of  exposure  is  shorter.  In  using  a 
portrait  lens  in  such  cases,  the  group  should  be  arranged  in  a  curved  form,  the  figures 
on  the  outside  being  advanced  towards  the  camera ;  and  if  two  rows  of  figures  are 
necessary,  those  in  the  front  row  should  be  children  or  sitting  figures,  and  the  camera 
should  then  be  pointed  downwards,  so  as  to  bring  all  the  faces  into  focus.  Taste  and 
judgment  will  be  required  to  avoid  stififhess  in  the  grouping. 

Animals  must  generally  be  photographed  in  the  sunlight,  when,  with  a  good  portrait 
lens,  and  under  favourable  circumstances,  from  half  a  second  to  one  second  will  be 
sufficient  exposure ;  but  the  gradations  of  half-tone  are  seldom  so  well  rendered  as 
when  the  object  is  placed  in  a  more  subdued  and  equally  diffused  light. 

As  a  general  rule,  the  position  to  be  preferred  for  the  camera,  with  reference  to  the 
sun,  is  when  the  sun  is  behind  the  camera  and  shines  upon  the  scene  to  be  depicted ; 
but  cases  frequently  occur  when  it  is  necessary  to  reverse  Uiis  position.  When  this 
happens,  or  when  the  reflection  of  the  sun  from  water,  or  light-coloured  ground,  is 
thrown  upwards  into  the  lens,  it  becomes  necessary  to  shade  the  lens  from  such  direct 
or  reflected  rays  of  the  sun,  and  this  may  generally  be  effected  by  means  of  a 
focussing  cloth  or  other  dark  material  held  in  the  necessary  position. 

It  is  also  a  very  excellent  rule  to  throw  a  focussing  cloth  over  the  body  of  the 
camera  before  raising  the  slide  which  exposes  the  sensitive  surface  ;  this  prevents  any 
rays  of  light  reaching  the  plate  through  the  slit  in  which  the  slide  works,  or  through 
any  other  minute  chinks  which  may  exist  in  the  camera. 

Sergeant  Church,  ILK,  when  employed  as  a  photographer  in  the  very  hot  climate 
of  Honduras,  found  it  a  useful  precaution  to  put  a  wet  cloth  over  the  '* chassis" 
(dark  slide)  when  carrying  it  from  the  operating  tent  to  the  camera,  and  to  spread 
this  cloth  over  the  camera  during  the  time  the  plate  was  being  exposed  ;  this  kept 
down  the  temperature  and  prevented  the  very  rapid  evaporation  which  would  other- 
wise have  dried  up  the  surface  of  the  plate  before  he  could  have  developed  it.  He 
also  found  it  a  great  assistance  when  water  was  near  at  hand  to  pour  a  few  bucket- 
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fals  on  the  groand  before  pitcliiiig  his  operating  tent ;  this  diminished  the  chances  of 
dust  spoiling  the  picture,  and  by  producing  an  artificially  humid  atmosphere,  the  con- 
densed moisture  from  the  breath  could  be  observed  on  the  phite,  so  as  to  ascertain  if 
it  were  clc?an,  which  cannot  be  done  when  the  air  is  very  hot  and  dry. 

For  preparing;  the  nitrate  of  silver  baths,  and  most  of  the  solutions  used  in  photo- 
graphy, distilled  water  is  necessary ;  but  for  the  developing  solutions  good  filtered 
rain-water  or  river-water  will  answer  sufficiently  well.  If  the  water  be  brackisli,  or 
contains  any  chlorides  in  solution  (as  is  the  case  in  most  hard  waters),  it  will  cause  a 
precipitate  of  chloride  of  silver  on  the  ])late  and  interfere  with  the  development. 
AVhen  it  is  difficult  to  procure  better  water  it  will  answer  if  nitrate  of  siWer  solution 
be  dropped  in  until  no  further  milkincss  results  ;  but  this  is  of  course  an  expensive 
expedient. 

For  washing  positive  prints,  ordinary  hard  water  answers  well,  though  river  water, 
Sf  procurable  in  sufficient  quantity,  is  generally  considered  preferable. 

Small  defects  in  the  skies  or  in  unimportant  parts  of  negatives  may  be  painted  out 
easily  with  indiau-ink  and  a  fine  brush  on  the  collodion  surface  before  the  negative  is 
varnished  ;  but  after  varnishing,  such  touching  out  becomes  more  difficult. 

Defective  skies  may  sometimes  be  stopped  out  on  the  negative  by  taking  a  print 
fimd  cutting  it  out  carefully  along  the  line  of  the  horizon ;  the  sky  portion  is  then 
exposed  to  the  sun  and  fully  darkened  and  gummed  to  the  back  of  the  negative,  but 
it  is  necessary  to  paint  out  the  edge  of  the  horizon  on  the  collodion  side  to  prevent  any 
light  getting  round  the  edges  of  the  paper.  In  general,  however,  it  is  best  to  shade  out 
defective  skies  by  a  piece  of  pasteboard  outside  the  glass  of  the  printing  frame, 
arched  up  from  it  so  as  to  avoid  a  hard  line ;  and  whenever  shading  out  is  resorted  to^ 
the  printing  must  be  carried  on  in  the  shade,  not  in  direct  sunlight,  or  a  hard  line  of 
demarcation  between  the  shaded  and  unshaded  portions  will  result. 

In  conclusion,  I  would  recommend  any  one  who  wishes  to  excel  in  photography  to 
study  the  chemical  theory  of  the  subject.  Hardwich's  Photographic  Chemistry  ia 
generally  accepted  as  the  best  work  which  has  yet  been  printed  :  in  it  will  be  found 
every  sort  of  information  which  the  beginner  or  the  more  experienced  photographer 
can  desire. 

The  details  of  the  best  process  for  obtaining  positive  proofis  on  paper  have,  however, 
altered  slightly  since  the  last  edition  of  that  work  was  published.  I  have  therefore 
introduced  them  in  the  appendix  to  this  paper ;  the  process  there  described  was  first 
published  in  No.  8  of  the  Ist  Volume  of  the  Photographic  News,  October  29, 1858,  by 
a  person  •signing  himself  "9." 

This  process  has  been  practised  at  this  establishment  ever  since,  and  has  been 
found  so  immeasurably  superior  to  the  old  method  of  toning  and  fixing  in  the.  same 
bath,  that  no  one  who  wishes  to  obtain  pleasant  tones,  clear  whites,  and  prints  which 
may  reasonably  be  expected  to  be  permanent,  should  hesitate  to  incur  the  very  little 
extra  trouble  which  *'  Tbetu's  "  process  involves. 

Appendix. 

SoLriioKS  FOE  Preparing  Paper  for  Printing. 

Albumen. 

White  of  egg 1  ounce. 

Chloride  of  Ammonium  .         .....     20'graius. 

Distilled  water      .......     1  ounce. 

When  paper  is  floated  on  this  solution  it  should  remain  in  contact  not  more  than 
one  minute  and  a  half  if  thin,  or  two  minutes  if  the  paper  is  thick.  In  warm 
bright  weather  the  chloride  may  be  reduced  from  10  to  7  grains  per  ounce,  and  the 
silver  in  the  sensitizing  bath  must  be  reduced  in  proportion  (say  ^^  graina).    If  a  very 
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glossy  surface  be  desired  for  small  portraits,  ke.,  more  albomen  should  be  used  ia 
proportion  to  the  water,  say  Ij  oz.  of  albumen  to  ^  os.  water. 

Sensitizing  Bath. 

Kitrate  of  silver 60  grains. 

"Water  (distilled) 1  ounce. 

The  paper  to  remain  in  contact  with  this  solution  five  minutes. 

In  using  albumenizcd  paper  prepared  with  10  grains  of  chloride  to  the  ounce  of 
solution  and  a  sensitizing  bath  of  50  grains  of  nitrate  to  the  ounce,  floating  10  sheets 
of  paper  10  in.  by  12  in.  (on  a  10  ounce  bath)  reduces  the  strength  of  the  solution 
&om  50  to  40  grains  per  ounce,  and  uses  one  ounce  of  the  solution. 

Therefore,  after  sensitizing  ten  large  sheets,  10  in.  by  12  in.,  or  30  small  sheets,  6  in. 
by  8  in.,  add  1  ounce  of  solution,  of  100  grains  to  the  ounce,  to  the  bath  to  keep  it 
up  to  the  full  strength.  If  the  strength  of  the  bath  be  allowed  to  fall  too  low  the 
prints  will  be  weak  and  mottled. 


solutioks  for  toning  and  fixing  positive  prints  by 

"Thbta's"  Process. 

(    Common  water         .         .         .         .30  oance». 

\    Ammonia 1  drachm. 

Solution  A. 

Carbonate  of  Soda    .         .         .         .125  grains. 

Common  water         .         .         .         .30  ounces. 


Ist  Bath. 


2nd  Bath. 
(Toning.) 


{ 


Solution  B. 


Chloride  of  gold 
i    Distilled  water 

Fixing  Solution 
3rd  Bath.  C    Hyposulphite  of  soda 

(Fixing.)  J    Common  water 


5  grains. 
30  ounces. 

6  ounces. 
30  ounces 


Solutions  A  and  B  ought  to  be  mixed  in  equal  proportions  immediately  before  being 
used,  and  only  in  sufficient  quantity  to  tone  the  number  of  prints  required.  One 
grain  of  gold  will  tone  about  four  10  in.  by  12  in.  prints  by  this  process.  The  proofs 
must  be  printed  deeply,  and  the  whole  of  the  silver  washed  out  in  two  waters  before 
immersion  in  the  ammonia  bath,  in  which  they  must  remain  flve  minutes.  They  are 
then  to  be  washed  in  one  water  and  removed  to  the  toning  bathj  and  left  there  till 
very  purple ;  then  washed  again  and  placed  in  the  fixing  bath  for  about  fifteen 
minutes.  They  are  then  washed  as  usual  for  twelve  hours  in  running  water  and 
hung  up  to  dry. 

Account  of  the  Waxed  Paper  Process  as  Practised  Successfully 
IN  Bombay,  by  Mr.  H.  Stanley  Crawford. 

Published  in  No.  58  of  the  2nd  Vol.  of  the  Photooraphio  News. 

♦  ♦  ♦  ♦  "To  wax  paper,  I  shall  give  no  particular  formula,  so  many  excellent 
modes  having  already  been  given,  nearly  all  of  which  answer  equally  well  here  as  in  a 
cooler  clime.  For  my  own  part  I  prefer  purchasing  ready  waxed  paper,  thereby 
saving  myself  the  inconvenience  of  a  troublesome  operation.  In  purchasing  waxed 
paper,  however,  it  should  be  carefully  examined  sheet  by  sheet;  those  free  from  con- 
spicuous flaws  should  be  selected,  and  while  having  the  appearance  of  being 
thoroughly  saturated  with  wax  and  quite  transparent,  they  should  present  no  shiny 
jpatches  on  the  surface,  but  a  uniform  dull  smoothness  :  should  shining  patches  appear 
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on  paper  in  other  respects  good,  the  objection  may  be  got  rid  of  bj  carefnllj  ironing 
the  sheet  between  clean  folds  of  bibulous  paper. 

'*  Waxed  paper,  whether  in  its  plain  state  or  iodized,  should  always  be  kept  in  a 
portfolio,  and  in  as  cool  a  situation  as  practicable. 

"The  iodizing  solution  I  hare  found  to  answer  best,  is  made  as  follows  : — 

'^No.  1.  In  20  ounces  of  distilled  water  dissolve  480  grains  of  iodide  of 
potassium. 

'*No.  2.  In  10  ounces  of  distilled  water  dissolye  96  grains  of  bromide  of  potassiamf 
and  then  add  24  grains  of  chloride  of  potassium. 

'*  No.  3.  In  10  ounces  of  distilled  water  dissolve  10  grains  of  cyanide  of 
potassium. 

"  No.  4.  In  4  ounces  of  distilled  water  dissolve  5  grains  of  iodioe. 

**  Mix  solutions  Nos.  1  and  4  together,  agitate  well,  and  then  add  No.  2  solution  to  it 
and  agitate  well ;  finally  throw  in  solution  No.  8,-  and  agitate  welL  This  solution 
should  be  kept  in  a  well-stoppered  bottle  covered  from  light,  and  will  be  of  service  till 
entirely  expended. 

"When  required  for  use,  this  liquid  should  be  filtered  through  white  clean  bibulous 
paper  into  a  pan  of  good  depth,  and  as  many  sheets  of  paper  as  are  required  may  be 
immersed  one  by  one  in  it ;  care  being  taken  that  no  air  bubbles  adhere  to  the  paper, 
either  above  or  below,  and  that  the  liquid  quite  covers  the  whole  mass  of  paper. 

"The  paper  should  now  be  allowed  to  soak  in  this  solution  from  6  to  10  hours, 
after  which  it  may  be  taken  out  sheet  by  sheet,  and  hung  up  in  a  cool  place  (not 
exposed  to  much  light)  to  dry ;  when  dry  it  should  be  carefully  wrapped  in  clean 
paper,  and  placed  in  a  portfolio  till  wanted,  and,  with  ordinary  precautions,  may  in 
this  state  be  preserved  good  for  months. 

"The  exciting  solution  is  made  thus  : — In  24  ounces  of  distilled  water  dissolve  2 
ounces  of  crystallized  nitrate  of  silver ;  when  dissolved,  add  glacial  acetic  acid  24 
ounces,  and  finally  add  5^  ounces  of  alcohoL 

"  Filter  before  use  into  a  pan  larger  somewhat  than  the  paper  to  be  excited. 

"  Into  this  solution  immerse  one  sheet  of  the  iodized  paper  (taking  great  care  that 
no  bubbles  adhere)  and  allow  it  to  soak  for  about  5  minutes,  when  it  should  be  taken 
out,  and  if  to  be  kept  for  several  days,  placed  in  a  similar  pan  containing  pure 
distilled  water,  rinsed  in  it  for  a  minute  or  two,  and  then  dried  off  between  folds  of 
clean  bibulous  paper,  where  it  should  be  retained  ready  for  use  in  the  camera.  As  many 
sheets  as  are  needed  may  thus  be  prepared  one  after  the  other,  and  when  finished 
should  be  kept  in  a  portfolio  in  a  cool  place,  and  most  cautiously  excluded  from  light. 

"  To  give  any  accurate  time  for  the  exposure  necessary  in  the  camera  is  almost  an 
impossibility,  but  with  a  3-in.  view-lens,  ^-in.  opening,  and  our  ordinary  Indian  light, 
five  to  six  minutes  would  be  about  the  time  required  by  this  paper  for  buildings,  but 
for  foliage  or  dark  masses  of  architecture  in  shade,  nine  to  twelve  minutes  would 
probably  be  better. 

"  It  may  not  be  out  of  place  here  to  impress  upon  the  mind  of  the  novice  the 
absolute  necessity  of  the  most  strict  caution  not  to  allow  the  least  ray  of  daylight  to 
get  at  the  sensitive  paper  when  not  under  exposure  through  the  lens  to  a  view. 
Camera  slides,  no  matter  how  carefully  made,  cannot  thoroughly  exclude  our  bright 
sunlight,  and  the  only  plan  to  ensure  certainty  is  to  wrap  several  folds  of  yellow  cloth 
round  the  slides  when  not  in  use.  Too  much  care  cannot  be  bestowed  upon  these 
precautions. 

"Paper  made  sensitive  as  above  described  may  be  kept,  with  the  precautions 
advised,  at  least  ten  days  with  perfect  confidence.  I  have  worked  with  such  paper 
16  or  17  days  after  excitation,  and  found  no  appreciable  diminution  of  effect,  even  in 
the  time  of  cxposnre.    It  may  also  be  kept  sereral  days  after  exposure  in  the  camera 
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before  being  dereloped.  At  the  same  time  it  is  always  advisable  to  use  tbe  paper  as 
soon  after  excitation  as  possible,  as  inrolving  less  ebances  of  fiulore  in  excluding 
misbaps  wbicb  migbt  intenrene  by  tbe  lapse  of  time.  Tbe  same  remark  applies  to 
tbe  doTelopment^  wbicb  in  particular  sbould,  if  practicable,  be  done  witbin  24  bours 
after  tbe  exposure  in  tbe  camera. 

''Tbe  dcvelopiog  solution  is  made  by  filling  a  bottle  quite  full  witb  bot  distilled 
water,  and  tbrowing  into  it  as  mucb  gallic  acid  as  tbe  water  will  dissolve ;  wben  it 
will  dissolve  no  more  tbe  solution  sbould  be  allowed  to  cool  and  settle,  tben  tbe  clear 
liquid  may  be  poured  into  a  clean  pan,  say  to  tbe  deptb  of  a  J  of  an  incb.  Into  tbis 
tbe  impressioned  sbeet  is  immersed  and  allowed  to  remain  for  five  or  ten  minutes. 
Tbe  picture  rarely  develoi)es  rapidly  under  tbis  solution,  tbere  being  so  little  free 
nitrate  of  silver  left  on  tbe  paper ;  it  is  necessary,  tberefore,  to  assist  tbe  development 
by  tbrowing  into  it  an  ounce  of  tbe  water  in  wbicb  tbe  sensitive  sbeets  were  wasbed 
(wbicb  sbould  be  preserved  in  a  bottle  for  tbis  purpose) ;  tbe  picture  will  now  rapidly 
develope,  and  from  tbis  moment  tbe  process  requires  very  careful  attention  : — in  tbe 
first  place  to  check  it  at  tbe  point  wben  all  tbe  details  of  tbe  picture  are  properly  out ; 
and  in  tbe  next,  if  tbe  developing  liquid  ebew  symptoms  of  browning  (decomposition), 
wbicb  in  this  climate  will  speedily  occur  in  gallic  add  to  wbicb  ft^e  nitrate  of  silver 
has  been  added,  to  replace  it  immediately  witb  fresh ;  a  neglect  of  this  precaution 
may  perhaps  destroy  what  would  otherwise  have  proved  a  good  picture. 

"  The  time  that  the  process  of  development  occupies  varies  so  much  that  none  in 
particular  can  be  stated.  However,  a  picture  is  seldom  out  in  less  than  a  quarter  of 
an  hour,  and  it  may  be  12  or  20  bours,  if  the  exposure  in  the  camera  was  too  short 
a  time ;  in  the  latter  case  particular  care  must  be  taken  to  renew  the  gallic  acid 
solution,  should  it  shew  symptoms  of  becoming  brown. 

**  A  picture  should  be  allowed  to  go  on  developing  so  long  as  tbe  whites  or  half* 
tones  do  not  suffer,  that  is  darken.  When  all  the  details  appear  distinctly  visible, 
the  sheet  of  paper  should  be  held  up  between  tbe  eyes  and  a  light ;  if  the  blacks  in 
tbis  position  present  a  density  impenetrable  to  light,  tbe  whites  a  clear  transparency, 
and  the  half-tones  a  relative  value,  the  operation  should  be  stopped,  tbe  picture  put 
into  a  pan  of  clean  water  and  brushed  on  both  sides  with  a  soft  broad  cameVs  hair 
brush  to  remove  any  deposit  that  may  have  settled  upon  it ;  if  aUowed  to  remain  thus 
for  about  half  an  hour,  nearly  all  tbe  acid  will  be  washed  out ;  it  should  then  be 
paMsed  through  a  fresh  pan  of  water,  and  afterwards  to  remove  tbe  iodide,  placed  in  a 
bath  of  cyanide  of  potassium,  made  as  follows  :— 

Cyanide  of  potassium 80  grains. 

Water 16  ounces. 

Filter  for  use. 

**  Tbis  bath  is  preferable  to  one  of  hyposulphite  of  soda,  inasmuch  as  it  acts  more 
quickly,  is  less  bulky,  and  is  safe  in  operation,  for  nothing  can  be  more  ii\jurious  in 
working  than  hyposulphite,  tbe  least  contact  of  which  is  destructive  to  tbe  exciting 
and  iodizing  baths. 

"The  cyanide  bath  is  very  energetic,  and  consequently  tbe  picture  requires  mucb 
attention  wben  in  it ;  for  if  left  beyond  the  time  sufficient  to  dispel  the  yellow  iodide, 
it  will,  in  continuing  its  action,  reduce  also  the  blacks — indeed,  it  would,  if  left 
for  any  lengthened  time,  entirely  obliterate  the  picture. 

*'  K  a  hyposulphite  bath  is  preferred,  the  following  will  be  found  to  answer  well :  -- 

Hyposulphite  of  soda    ......       8  ounces. 

Water »     20  ounces. 

Filter. 
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<<  When  the  iodide  hai  thorovghly  diesppeared,  the  pietue  should  he  weihed  for  aa 
hour  in  sereral  changes  of  water  (say  four  or  fire  times)  and  in  a  good  sapply  of  water 
each  time  :  it  shoald  afterwards  be  hong  np  to  dry. 

"When  thoroughly  dry,  expose  to  the  sunshine  for  a  few  minutes,  and  finallj 
iron  with  a  moderately  heated  iron ;  this  operation  renews  the  transparency  of 
the  paper,  which,  in  its  continued  and  repeated  washing^  is  in  general  somewhat 
impaired. 

**  In  eonelnsion,  I  hare  only  to  reoapitulate  and  throw  out  a  few  further  preoautiona. 
Adopt  the  utmost  eleanliness  in  erery  stage  of  the  operation.  Use  no  ehemicala  but 
what  are  guaranteed  as  the  beet.  In  exciting,  use  in  the  dark  room  no  more  light 
than  is  sufficient  to  enable  work  to  be  done  with  comfort.  Use  fresh  dean  bibuloos 
paper  for  blotting  o£f  the  paper  after  exciting.  Filtered  or  otherwise^  let  all  the 
solutions  be  perfectly  dear  and  limpid.  Use  the  greatest  care  in  preserving  the 
exdted  paper  from  the  least  ray  of  light  when  not  under  exposure  in  the  camera,  and 
80  till  the  picture  is  dereloped.  Nerer  use  the  gallic  acid  bath  after  it  has  browned 
at  all ;  after  fixation  in  the  cyanide  bath,  wash  thoroughly  in  water  to  remoTO  erery 
trace  of  that  solution.  The  paper,  in  erery  stage — in  its  plain,  iodised,  exdted, 
impressed,  and  completed  state—should  always  be  wrapt  in  paper  and  laid  flat  in  a 
portfolio,  kept  in  a  cool  place.  In  this  climate,  erery  camera  for  out-door  work 
should  hare  a  thick  yellow  quilted  corer,  which  both  serres  as  a  protector  to  the 
wood,  and  exdudes  white  light  which  might  gain  admission  by  any  barely  perceptible 
flaw,  and  also  assists  materially  in  maintaining  a  cool  atmosphere  about  the  paper. 
The  lens  must  of  course  be  wiped  oceasionally  ;  *  perfect  knowledge  of  the  proper  use 
of  the  rarious  sized  diaphragms  can  only  be  acquired  by  experience  and  practice^ 
but,  as  a  general  rule,  the  smallest  sises,  compatible  with  the  amount  of  light 
arailable,  should  be  used, 

AooouNi  OF  A  Modi  ov  Waziko  Fapib. 
BzT£AOTu>  f bom  thb  Photoo&aphio  Kbws,  Vol.  II. 

«  A  dish  of  block  tin,  without  joints  in  the  bottom,  and  one  inch  deep,  is  made  to 
flt  into  another  and  larger  reesel,  also  of  tin,  eontaining  boiling  water,  which  must  bo 
kept  at  the  boiling  point  by  any  oonrenient  heater.  A  cake  or  two  of  white  wax  ia 
put  into  the  waxing  dish,  and  when  it  is  mdted,  the  sheet  of  paper  is  floated  thereon. 
When  the  paper  is  saturated  with  wax,  take  it  up  and  drain  o£f  as  much  as  posdble  of 
the  superflaouB  wax.  Do  the  same  with  any  number  of  papers.  Then  with  a  clean 
box  iron,  +  iron  them  one  at  a  time  between  from  four  to  six  thicknesses  of  blotting 
paper,  until  the  blotting  paper  is  saturated  with  wax;  then  iron  between  fresh  blotting 
paper,  which  may  require  to  be  repeated.  The  second  and  third  blotting  papers  of 
the  first  batch  will  do  the  first  and  second  ironing  of  the  second  batch.  Proceed  thus 
until  all  are  ironed,  and  appear  (when  hdd  between  the  eye  and  the  light)  free  from 
any  opaque  or  shining  spots,  and  perfectly  clear  and  transparent. 

"Another  method  of  waxing  paper  is  to  place  the  paper  on  two  or  three  folds  of 
blotting  paper  ;  then  as  you  pass  the  iron  orer  the  back  of  the  paper  with  one  handy 
follow  it  closdy  with  a  piece  of  wax  held  in  the  other — the  excess  of  wax  being  ironed 
out  as  before.  I  do  not  recommend  this  mode  of  waxing  papers  prerious  to  iodising^ 
but  it  answers  rery  wdl  when  one  or  two  calotype  negatives  hare  to  be  waxed,  and 
must  do  when  the  photographer  is  unprorided  with  a  tray." 


*  This  is  best  done  with  chamois  leather^it  is  less  liable  to  scratch  the  glass  than  silk. 
F  f  English  photographers  lay  great  stress  upon  the  irtn  not  being  used  too  hot,  a  reiy  hot 
iron  spoiling  the  paper. 
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''Hardwieh's"  or  other  good  negatire  collodion 

Can8on*s  negatire  paper 

Ditto           ditto           albumenixed. 
Ditto           ditto           waxed 

White  blotting  paper       « 

Swedish  filtering  paper            

Absolute  alcohol     .                

Methylated  ditto 

Sulphuric  ether 

Glaeial  acetic  add 

Citric  add 

Pyrogallic  add 

Gallic  add     ........ 

Protosnlphate  of  iron 

Nitrate  of  silver  (pure  re-crystallised) 

Liquor  ammonia    .        • 

Carbonate  of  soda 

Iodide  of  potasdum 

Bromide  of  potassium 

Chloride  of  potassium 

Iodide  of  cadmium 

Cyanide  of  potasdum 

Hyposulphite  of  soda 

Chloride  of  gold 

Chloride  of  ammonium 

Iodine 

Kaolin 

Gum  camphor 

Gum  arabic 

Litmus  paper        ...         .        .        •        . 

Yamiih  (diloroform) 

Tripoli  powder »        . 

Cotton  wool 

Shellac  brown 

Packing  case  and  bottles 

PLANTINO   TBEEI. — POINT    BLANK. 


PliANTING  TREES.— It  mij  te  oljaBTred  that  luxuriant  t«e«,  whether  old 
or  fOoiiEi  hiiTe  the  apper  p&rta  of  tlie  roots,  wbere  thej  dirida  from  tha  item,  abore 
tlie  HorTitca  of  the  ground  ;  and  tliat,  on  the  contrar;,  thoM  which  ha,re  a  portiot  of 
their  bark  below  the  gronnd,  geaenll;  exhibit  an  imperfect  growth. 

White  a  tree  will  lire  tLongh  ita  inaida  be  bollow,  it  will  die  if  a  knife  be  pMaed 
round  iU  tronk,  bo  oa  to  girdle  the  bark  ;  the  vital  part  not  being  ia  ita  centre,  but 
juat  under  the  bark,  where  nature  adds,  season  after  scaaon,  to  ita  growtli.  He&oe, 
if  iJie  stem  be  aa  sitniited  at  that  the  bark  be  rotted,  the  same  effect  will  b«  pradncad 
ti  if  girdled  by  a  knife. 


The  Bection  saggesia  the  manner  in  ■whlah  a  tree  sliould  be  planted  ;  aad  wben  on 
hard  gronnd,  it  ia  deaiiable  to  aurround  it  hj  a  little  bank,  a«  ahown  at  a  ^  to  efttch 
the  rain  in  mA  a  war,  <"  ^^  ■(  i"^!  ><'>''  *■>  ^  fibres  of  the  reota,  laaring  the 
stem  dry. 

Aaotber  canse  of  ^un>  in  tntngplantiDg  trees  is  owing  to  the  roots  b^g  too  much 
cut  away,  instead  of  digging  them  up  with  care,  aiid  then  placing  them  in  the  ground 
in  a  limilai  manner,  oopjing  nature  m  nearly  aa  poaaible, — S.  B.  E. 


POINT-BLANK. — In  the  Briliah  Serviee,  "t,  pieeeof  ordnaaoe  ia  said  to  be 
point-blank  for  an  object  when  the  aiia  of  the  gnn  and  the  object  are  in  the  MnM 
plane ;  which  may  be  either  parallel  or  inclined  to  the  horiion :  hence  the  point-blank 
range  'of  a  piec«  of  ordnanoe,  or  its  mnge  at  no  eleration,  ia  the  distuee  from  the 
mnule  of  llic  gun  lo  the  first  graze,  meaaured  upon  a  plane  paseiDg  under  the  wheel^ 
and  paraUel  lo  the  aiifl  of  the  Iwre." 

In  the  French  Service — "But  en  blane  natont,  oasimplement  batenblanu  ;  le  plna 
GloigDii  dea  denz  pointa  de  rencoatro  de  la  tr^ectaire  aTCe  la  ligne  de  mire  natntells, 
Port6e  de  but  en  blanc  :  diatance  du  but  en  blano  i,  la  bonche  de  la  pidoe."* 

"Sans  lea  canons,  le  but  en  bbne  e«t  oornme  dau  lea  annee  pertatiTes,  la  Moonde 
interaection  de  la  trajectoire  et  de  la  ligne  de  mire  naturelle. 

'  "  Ia  port^  de  but  en  blanc  depend  da  la  grandeur  de  I'oiigle  de  mire  natnrel ;  elle 
isrie  pour  lea  diffirents  oalibrea  et  aogmente  od  dimiiint  arec  la  diarge  qn'on 
emplde."t 

The  lata  General  Dnndaa  ohBerna—"  The  but  en  Wane,  b  French  nomenclatnre,  m 
tiia  range  of  Uie  projectile  &am  a  gun,  bud  with  the  line  of  metal  elevation,  or  angle 

■  Aidr-lUmoln  k  1'Dmk«  dee  OOdM  d'AitUktls.  |  Flobert. 
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do  mire,  800  yards  being  given  as  the  range  with  that  eleTation,  and  one-third  the 
weight  of  shot  in  powder  as  the  charge :  it  is  presumed  that  the  dispart  (Angliod) 
of  the  gun  is  about  1*,  which  makes  the  power  of  the  80-pr.  French  and  the  32-pr> 
English  nearly  equal.  In  the  French  Service  the  tangent  scale  or  the  hausse  is  divided 
for  distances  and  not  for  any  definite  angle. 

<*The  .point-blank  range  of  a  gun,  in  the  Bnglish  Service,  is  the  distance  firom  the 
muzzle  of  the  gun  at  which  the  projectile  strikes  the  ground,  after  descending,  by  the 
force  of  gravitation,  through  a  distance  equal  to  the  height  of  the  muzzle  above  that 
piano  on  which  the  wheels  stand. 

*'It  is  evident  that  there  is  much  vagueness  in  the  term  'point-blank  range,*  for 
guns  are  seldom  on  the  same  height  of  carriage,  and  therefore  their  range  is  unequal ; 
moreover,  it  very  seldom  happens  that  the  ground  over  which  the  projectile  passes  is  a 
dead  level :  if  fired  over  an  ascending  plane,  the  resistance  of  the  projectile  in  passing 
out  of  the  gun  is  increased,  and  over  a  descending  plane  diminished ;  consequently 
the  ranges  are  increased  and  diminished." 

It  would  seem  that  p<mt-hlank  in  the  French  Service,  is  purely  an  arrangement  of 
the  sight,  whilst  in  ours  it  is  considered  to  show  the  absolute  power  of  the  gun ;  but 
there  are  so  many  contingences  connected  with  this  power,  such  as  windage,  length  of 
the  piece,  and  thickness  of  metal,  that  any  just  comparison  in  pieces  of  ordnance  is 
very  difficult. 

Practically,  for  all  useful  purposes,  point-hlank  may  be  deemed  as  the  line  of  no 
elevation  or  depression  of  a  piece,  whether  ccmiKm^  ccu-hine,  rifle,  or  mutket ;  and  the 
point-blank  range  the  distance  which  they  will  carry  a  ball  without  elevation  or 
depression,  varying  according  to  its  construction.  This  explanation  applies  equally 
whether  the  object  fired  at  is  either  horizontal  or  upon  an  ascending  or  descending 
plane,  if  the  line  of  no  elevation  be  taken  as  parallel  to  the  surface  of  the  ground. 

Every  gunner,  rifleman,  or  musketeer  should  ascertain  the  point-blank  distance  of 
his  piece,  or,  in  other  words,  at  what  range  he  can  fire  and  hit  the  olyect  or  bull*s-eye 
of  a  target,  by  a  direct  aim,  without  elevation  or  depresuon  :  the  necessary  elevation 
and  the  depression,  not  of  much,  eonsequence,  may  be  found  by  practice,  or  by 
reference  to  Tables  of  Artilleiy  and  Musket-ball  Firing,  given  in  this  work. — G.  G.  L. 


PONTOON. — The  pontoon  or  metal  open  boat  or  punt  with  flat  bottom,  in  the 
British  Service,  may  be  considered  as  obsolete :  the  word  is  retained  in  other  fi)nns, 
as  Blanchard*s  Pontoons,  India-rubber  Pontoons,  and  General  Pasley's  Pontoons. 

The  pontoon  was  of  metal  over  a  frame-work  of  light  scantling,  tinned  inside  and 
out  (see  figure  in  the  next  page) :  the  pattern  is  very  old.  It  was  used  in  all  the 
wars  in  Flanders,  and  drawings  of  one  may  be  seen  in  MUllei^s  work  on  Artillery. 

Although  imperfect,  heavy,  and  difficult  of  transport,  the  pontoon  was  the  only 
resouroe  for  a  Bridge  Equipment  with  the  armies  under  the  Duke  of  Wellington,  in  his 
Peninsular  and  French  campaigns,  for  the  passage  of  rivers.  These  pontoon  equip- 
ments formed  a  part  of  the  Engineer  Establishment  in  those  countries,  with  a  detach* 
ment  of  Eoyal  Sappers  and  Kiners,  and  a  few  seamen. 


Put  of  ft  Fontson  Brldgg.— ScbI*  lUL  to  ui  tnoh. 
J)iinnun?iu  and  Weight  of  Tin  Pontoons.  * 


fLeDgth  at  top     .     . 

Ontiids  J       „      „      bottom     . 

mewnre.S  Breadth    .     .     .     . 

Ll>6pth 

Weight  of  pontoon     .     . 

„      „    carmge     .     . 

Total  weight  .     .     . 

larBB  Pontoon. 

BDUdlFoOlOOD. 

ft.         in. 
21          1 
18          8 
*        10 

a       3i 

ft.        in. 

ie      10 

IB          4 
4          0 
2          0 

o-t  a™,  fc^ 
9     1     24 
12    S      9i 
12    3      7 

cwl  qra.  Ih. 
6    8    18 
8    3      2 
11    3    21 

35    0    12i 

27    1     11 

Each  pontoon  hod  a  carriage  fur  tiuuportbg  it,  and  the  follovinj  appurtenaiMM ; 
S  chMBei  for  flooring  1  grapnel  1  iheer-line 

0  baulki,  or  beaioB  1  pole  1  boat-hook 

1  gang'board  4  Bpring-Unei  1  maul 

2  oara  1  cabU  4  pieksta,  Ac 
I  anchor 

i.  Pontoon  Train  »m  compoied  of  36  pontoons,  one-half  of  vhich  nmally  farmed 
a  Bridge  Eqnipment  vith  oar  timj  in  the  Feninsnlar  War. 


BinLpm«.U 

C«rl.ea. 

HoiwrorHch. 

Total  of  HoiHi. 

Spare  ditto  ...'.'    .'    .' 

Forge  waggona  

Boats  mounted  on  carriageg  . 
Waggon*  for  tool*  .... 
Cuiiagea  for  itorea    .     ,     . 

a. 

2 
4 
2 
8 

218 
21 
13 
21 
8 
32 

Be 

318 

From  Oenml  BIr  Howaid  Dooglai'B  wi 
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With  ■  -wdl-imuged  tnin  of  poDtoon^  and  expert  pontoonen,  the  tine  to  eon- 
■bnct  a  bridge  wu  &t  Uie  rate  of  1^  minate  for  mcb  pantoon. 

Independent  of  their  nnwieldf  n&tnre,  uid  the  diffianlt;  of  tnoipoiting  the  old 
metftl  pODtooiu,  u  described  kboTe,  thej  were  onl;  enited  to  tnngnQ  etreuni,  not 
■Dbjeet  la  lodden  flooda  ;  for  if  tmy  nidden  riee  of  the  witter  oocuired,  oi  if  the  rirer 
beoAme  diltorbed  b;  wind,  the;  filled  uid  went  down. 

A  perfect  Pontoon  Bridge  Equipment,  combining  fkeilit;  of  trkoBport  with  the  qmck 
neani  of  puung  snoies  orer  eonaideisbla  riTeo,  do«a  not  eeem  to  have  been  yet 


PontooD  Bridge— fbrmed  utoh  tbe  rlnr  Ealir,  In  Spain,  in  1819. 

Kew  Cm  tab  Poitooh. 

CapUin  Fowke,  B.S.,  haa  lately  (18S8)  propoeedapontoon,  for  which  hecUinui  the 
following  adTantigcs  orer  the  cylindrical  tin  pontmn  now  in  OMe,  Tii.  : — Snoyaney 
nearly  double  ;  weight  lees  than  half  ;  length  on  the  march  lew  than  half ;  fint  ooat 
only  two  fifth* ;  balk,  nhen  packed,  one  seTenth  j  height  of  roadway  gnater ; 
itability  greater  and  lide  oedllation  leu  ;  durability  greater  and  liability  to  damage 
less,  whether  from  hoeUle  ahot,  being  rolled  over  atones,  or  grounding ;  bailiog  out 
■imple;  weight  and  namber  of  parts  of  bridge  diminiabed,  and  time  of  formation 
ahortened  ;  capability  of  being  nied  a>  a  boat. 

The  pontoon  ia  flat'bottomed,  nearly  rectangular  in  plan,  with  bow  and  eteni  like  » 
Thames  barge.  It  conaiata  of  alont  canrai^  waterproofed  with  boiled  nil,  stretched 
over  a  skeleton,  formed  of  scTen  transreise  &ames,  kept  !n  place  by  two  stretchers 
running  the  whole  length,  the  apaoe  between  being  led  open  for  bailing,  kc.  These 
stretchers  are  passed  Uuoogh  holea  in  the  stern  transom  and  the  loops  on  lop  of  the 
tnaaea,  into  sockets  in  the  bow  transom  ;  tlie  canTas  being  stretched  by  meani  of  a 
■mall  screw-jack,  and  k^t  in  place  by  keys  throngh  the  transom  and  stretchar. 
CanTM  is  stretched  orer  each  &sme,  thm  diriding  the  pontoon  into  eight  watertight 
oompartmenta. 

Total  length  of  pontoon  23  feet,  ie.,  body  IG'  and  ends  each  8'  6* ;  breadth  4'  6*, 
Upering  to  2'  S' ;  depth  2*  3*. 

for  fall  desaription  lee  B.  B.  FrofeMional  Papers,  Kew  Series  ToL  Til.  81. 

C.B.B. 

POSITION,  MILITAEY.— A  if ffifory  PotWwt  is  aimply  the  extent  of  groond 
which  an  amy  oeonioea  cdther  for  the  purpose  of  engapng  with  ta  enemy,  or  of 
adraitdDg  to  a  combat. 


138  POSITION^   BETBBNCHED. 

The  advantagei  which  militorj  positiona  ihoiild  poneM  mnii  ht^rt  reUtion  to  tnine 
particular  object ;  and  if  nature  does  not  nipply  them,  they  ahoald  be  supplied  by  ark 

77ie  chjtet  of  a  military  position  most  be  deemed  defensive ;  and  the  natural  oon- 
sequence  of  the  occnpation  of  ground,  whether  permanently  or  for  the  moment^  is  to 
receive  an  enemy  on  the  spot  selected  for  the  position. 

The  qualities  necessary  are — 1.  That  the  space  occupied  should  bo  in  proportioa  to 
the  number  of  troops. — 2.  That  the  flanks  should  be  oorered  by  obstacles  either 
natural  or  artificial,  so  that  an  enemy  cannot  act  upon  the  wings  or  rear  of  the  order 
of  battle. — 3.  The  field  of  battle  must  be  open,  and  i)ermit  the  movements  of  the 
troops ;  and  the  roads  and  openings  in  rear  sufficiently  clear  to  allow  them  to  retreat, 
in  the  event  of  the  position  being  forced. — 4.  The  military  features  of  the  position 
should  be  chosen  with  such  judgment,  that  an  enemy  cannot  penetrate  the  line  without 
running  the  risk  of  being  taken  in  flank,  and  being  beaten  by  an  inferior  force. 

These  qualities  should  be  considered  with  reference  to  whether  the  army  in  position 
is  for  offensive  or  defensive  purposes :  if  for  the  former  purpose,  a  ready  access  in 
firont  is  indispensable^  and  tbe  means  of  advance  open  for  offensive  operations ; — in 
the  latter  case,  the  auxiliary  defence  by  field-works  should  be  used  as  explained  under 
the  article  *  Field  Fortification  ;  *  and  if  the  position  be  temporary,  or  likely  to  be  io^ 
by  the  enemy  taking  another  line  of  offensive  operations,  when  he  bas  the  meane  of 
■0  doing,  the  first  part  of  that  article  will  afford  the  information  required  how  to 
fortify  the  position  suitably  to  the  occasion. 

If  the  position  is  occupied  for  the  purpose  of  'covering  a  oountry  effeetually,  so  that 
it  should  be  secure  during  the  War,  or  a  frontier  or  line  of  country,  or  the  capital  of 
a  territory,  the  defensive  measures  should  be  adopted  as  recommended  in  the  second 
part  of  the  article  *  Field  Fortification,'  and  in  the  Appendix  to  it. 

There  are  three  good  examples  applicable  to  permanent  positions  worthy  of 
attention  : 

1.  The  defence  of  Provence  in  the  early  part  ol  the  18th  century,  by  Marshal 

Berwick. 

2.  The  defence  of  Ardennes  by  the  Republican  army  in  1792|  by  General 

Dumourier. 
8.  The  defence  of  Lisbon  by  the  Duke  of  Wellington  in  1810,  called  the  *  Usbon 
Lines.* 
One  of  the  most  difficult  questions  is  to  define  the  number  of  troops  necessary  to  de- 
fend a  given  spot.    The  i>oBition  in  front  of  Lisbon,  extending  upwards  of  twenty  milei^ 
was  not  occupied  by  a  larger  force  than  that  at  Waterloo,  which  did  not  cover  three 
miles ;  in  fact,  it  is  a  practical  one  in  reference  to  the  nature  of  the  gxonnd|  and 
purely  tactical — Q.  G.  L. 

POSITION,  RETRENCHED,^ 

**  Ceox  qui  proscrlvent  los  ligIle^  et  tous  lea  secoun  que  Tart  de  Ting^nieur  pent  donner,  ae 
privent  gratuitomeut  d'une  forco  et  d'un  moyen  auxiliare  Jamais  nuisiblea,  preaqua  tot^Jonn 
uttlea  et  sou  vent  indispeusablea." 

''  Until  recent  experience,  it  was  &st  becoming  an  axiom,  that  an  army  leeeiTiBg 
battle  in  position  must  be  beaten,  and  that  no  skill  in  occupying  and  strengthening^ 
nor  firmness  in  disputing  and  maintaining  ground,  could  balance  the  advantage  of 
free  and  concentrated  movement,  and  the  moral  confidence  arising  from  being  ihe 
It.    ♦    •    ♦    ♦ 


*  From  *Memonnda  ralativa  to  the  Lisas  of  Torrea  Vedras;'  In  'Journals  of  Blsgaa,'  by 
the  late  ICi^or-Ganaral  Sir  John  T.  Jonaa,  R.B. 
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<*It  Ib,  howerer,  tmneoewary  to  rerert  to  past  hiitory  to  sliow  the  tbXuq  of  field* 
works,  as  in  the  recent  battle  of  Borodino,  a  few  simple  redans,  hastily  thrown  up  to 
ooTer  the  left  flank  of  the  Bossian  position,  paralysed  for  honrs  two  French  oorps 
d'arm^  and  had  nearly  proved  eqnally  fatal  to  the  fortunes  of  Napoleon  as  the 
redoubts  at  Foltowa  to  those  of  his  prototype  Charles.  Indeed,  the  attack  of  Dresden, 
whioh  fedled  in  consequence  of  the  assailants  being  opposed  by  a  slight  field  retrench- 
ment, and  many  other  events  of  the  recent  campaigns,  leave  no  doubt  that  field-works 
judiciously  disposed  may  still  be  rendered  valuable  auxiliaries,  even  to  the  most 
numerous  and  most  active  armies. 

«  To  effect  this,  and  apportion  works  justiy  to  cover  a  country,  or  strengthen  a 
proi)08ed  field  of  battie,  is  the  most  difficult  application  of  the  Bngineer's  art,  being 
subject  to  no  fixed  rule,  but  merely  founded  on  general  principles,  requiring  to  be 
modified  on  each  occasion  firom  an  innumerable  variety  of  circumstances,  both  physical 
and  moral. 

"A  just  idea  of  these  principles  can  only  be  acquired  through  a  knowledge  of 
tactics,  and  of  the  powers  of  troops  under  different  orders  of  formation  and  movement ; 
which,  well  understood,  can  scarcely  Mi  to  produce  a  feeling  that  works  ought  in 
every  situation  to  be  accessories  and  aids  to  the  manoeuvres  of  troops,  and  never 
principals  of  any  defensive  field  system. 

''Foeting  troops  to  fight  a  general  action,  or  strengthening  the  front  of  an  army 
when  so  posted,  are  details  founded  on  the  foregoing  principles,  which  for  the  same 
reasons  scarcely  admit  of  theoretic  elucidation,  and  the  knowledge  of  them  can  only  be 
fully  attained  by  long  service  with  an  active  corps. 

"Considerable  insight  into  such  details  may,  however,  be  gahxed  by  studyiug  the 
principles  on  which  various  fields  of  defensive  combat  have  been  occupied  by  skilful 
Commanders. 

'*  In  these  it  will  be  seen  that  a  rocky  height^  a  knoll,  a  wood,  a  village,  and  even 
a  single  house,  have  frequentiy  formed  the  prominent  flank  or  defensive  posts  ;  and 
instances  might  be  adduced  where  each  of  the  above  obstacles  have  mainly  con- 
tributed to  the  repulse  of  the  assailants ;  and  on  the  contrary,  where  such  posts, 
injudiciously  occupied  or  ill-supported,  have  led  to  discomfiture  or  the  loss  of  entire 
divisions  of  tho  defensive  force.     ♦    ♦    ♦    ♦ 

<*  There  is,  however,  a  very  serious  obstacle  to  the  employment  of  the  art  of 
retrenching  positions^  which  is,  that  after  an  army  has  taken  up  its  ground,  and  a  battle 
becomes  inevitable,  there  is  seldom  time  to  throw  up  works  of  sufficient  strength  to 
be  depended  upon ;  and  it  is  scarcely  possible,  in  any  moderately  open  country,  to 
select  a  position  to  be  fortified  in  advance  for  the  protection  of  a  frontier  or  a  capital 
which  an  enemy  will  not  find  roads  to  turn  and  render  useless.  Thus,  in  allusion  to 
the  battle  of  Waterloo,  had  tiie  ground  been  strongly  retrenched  during  the  spring, 
Napoleon  would  naturally  have  avoided  it  by  marching  on  Brussels  by  the  road  of 
Hal,  and  therefore  such  preparatory  labours  seem  only  advisable  in  peninsular 
ntuations,  or  to  block  up  the  entry,  or  dispute  the  sortie  of  a  mountain-pass,  occupy 
the  interval  between  two  fortresses,  or  for  some  other  specific  and  very  limited  object. 

"Bven  in  such  fisvourable  situations,  attention  should  be  directed  rather  to  the 
improvement  of  natural  obstacles  than  to  the  erection  of  artificial  lines  of  defence ;  * 
and  where  works  cannot  be  dispensed  with,  they  should,  as  far  as  practicable,  be 
enclosed,  independent,  and  capable  of  defending  themselves.  Nothing  can  be  more 
vieious  than  to  cover  an  extensive  tract  of  country  with  a  regular  system  of  bastions 
and  redans,  as  recommended  in  most  Treatises  on  Field  Fortification.    Such  long 

*  See  article  '  Field  Fortification.' 
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BjBtematio  lineB  of  defenuTe  works,  beaidea  the  great  expense,  labooTi  and  publicity 
attending  their  formation^  have  the  serious  defect  of  being  of  no  strengthi  unless 
equally  guarded  throughout ;  and  farther,  when  attacked,  the  defenders  haye^  in 
consequence  of  their  flanked  trace,  to  man  an  alignment  of  nearly  double  the  length  of 
the  front  to  be  defended,  and  are  utterly  incapacitated  from  making  any  instantaneous 
or  powerful  forward  movement :  they  therefore  necessitate  the  worst  possible  dis- 
position of  troops  for  offence  or  defence,  and  must  be  regarded  as  inadmissible  under 
the  present  system  of  tactics.  Indeed,  such  long  defensiye  lines,  eyen  when  most  in 
repute,  at  the  end  of  the  seycnteenth  and  commencement  of  the  eighteenth  century, 
were  invariably  forced  as  often  as  attacked,  and  it  is  difGlcult  to  conceive  on  what 
foundation  their  popularity  so  long  sustained  itself. 

''Field  defences,  however,  are  not  to  be  indiscriminately  condemned  or  rejected 
because  they  are  continuous  or  systematic  In  order  to  strengthen  the  front  of  an 
army  with  judgment,  it  is  necessary  to  consider  every  feature  and  every  portion  of 
the  ground  separately,  and  arrange  such  mode  of  occupation  as  shall  best  combine  its 
particalar  defence  with  the  general  defence  of  the  position.  Thus,  in  parts  unfavour- 
able for  manoeuvring,  it  may  be  advisable  to  form  a  continued  line  of  considerable 
extent^  covered  with  every  nature  of  obstacle,  and  having  none  but  the  most  confined 
outlets,  on  the  principle  that  a  range  of  difficult  heights  would  be  scarped,  or  low 
ground  inundated,  to  lessen  the  number  of  men  on  those  points,  and  leave  a  sui)er- 
abundance  of  force  for  other  points  favourable  for  offensive  movements.  Again,  since 
the  employment  of  artillery  in  masses  has  been  introduced,  and  that  an  irresistible 
fire,  sometimes  of  hours*  duration,  now  invariably  precedes  the  advance  of  the  columns 
of  attack,  it  will  frequently  prove  a  good  measure,  in  situations  where  natural  cover 
cannot  be  formed  from  a  cannonade,  to  create  it  artificially  between  all  the  prominent 
defensive  posts.*  Thus,  each  furlong  of  ground  being  duly  considered,  and  the  nature 
of  defence  best  adapted  to  the  locality  being  formed,  the  whole  front  of  an  army  may 
occasionally  be  covered  with  lines  of  works,  which,  while  they  augment  its  defensive 
powers,  leave  its  movements  perfectly  free. 

**  Continuous  lines,  of  the  short  extent  of  a  mile  or  two,  may  frequently  be  resorted 
to  with  advantage^  in  situations  where  the  flanks  can  be  naturally  or  artificially 
secured,  as  on  a  river  or  a  fortress. 

'*  Such  lines,  in  communication  with  a  fortified  town,  when  composed  of  fronts  of 
fortification  or  other  flanked  trace,  and  made  of  a  profile  not  to  be  assaulted,  are  well 
suited  to  fjM^ilitate  the  defensive  manoeuvres  of  an  inferior  army,  and  also  to  augment 
the  defensive  powers  of  the  fortress  itself,  by  occupying  important  tracts  of  ground 
which  could  not  be  included  within  the  permanent  works.  In  such  cases  they  are 
usually  denominated  Retrenched  Camps,  f  under  whiq^  character  they  form  a  medium 
of  defence  between  field-works  and  permanent  fortifications,  which  can  be  resorted  to 
on  any  pressing  emergency  arising  from  defeat,  and  may  be  generally  recommended  by 
an  Officer  without  hesitation ;  for  if  it  be  not  convenient  to  man  them  fully,  their 
evacuation,  after  a  show  of  resistance,  neither  compromises  the  retreat  of  the  defenders, 
nor  detracts  from  the  original  strength  of  the  fortress. 

'*  Experience  affords  many  proofs  of  positions  of  two  or  three  miles  length  of  front, 
which  could  not  be  turned  when  retrenched  on  a  field  profile,  being  capable  of  an 
excellent  defence.        ♦        ♦        »        ♦        * 


•  ii< 


'This  might  be  effected  by  means  of  a  sunken  trench,  like  a  parallel  at  a  siege,  made  to 
connect  a  whole  chain  of  redoubts.    Such  an  expedient  would  cover  infimtry  from  the  fire  of 
guns  without  impeding  their  forward  movement  in  line,  and  openings  might  be  lea  for  the 
advance  of  the  eavahy  and  artillery,  or  they  might  act  in  mnnion  on  the  flanks."— i^KfAor. 
t  See '  Gamp^  Intrenched,'  vol  L  and  Plan. 
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*'It  is  apparent,  however,  that  isolated  and  unsupported  field  positions  of  this 
nature,  retrenched  on  a  field  profile,  besides  being  liable  to  be  turned,  and  the 
defenders  shut  up  as  in  a  trap,  and  made  prisoners,  partake  of  all  the  defects  of 
longer  continued  lines  in  proportion  to  their  extent,  and  are  in  the  same  proportion 
objectionable.        ♦        ♦        ♦        • 

''None  of  these  objections  to  continuous  lines,  however,  apply  to  retrenchments 
formed  of  enclosed  and  isolated  works,  each  capable  of  a  good  resistance,  as  the 
intervals  between  tbem  do  not  require  a  line  of  supporting  troops ;  and  after  furnishing 
garrisons  for  the  works,  the  army  may  remain  in  masses,  sheltered  from  cannonade  by 
some  irregularity  of  the  ground  near  the  summit  of  the  heights ;  or  if  such  be  not 
found,  on  their  reverse,  immediately  below  the  crest,  ready  to  move  in  compact  and 
formidable  bodies  on  any  menaced  point,  or  form  into  line  or  manoeuvre  on  the  posts 
taken  up,  so  as  best  to  parry  the  efforts  of  the  assailants. 

*'It  seems  to  be  an  indispensable  condition  of  such  field-works  in  aid  of  an  army, 
whether  prepared  at  leisure  or  during  active  operations,  that  they  be  of  a  profile  and 
capability  of  defence  to  resist  an  assault, — that  they  be  securely  closed  in  the  rear, 
placed  sufficiently  near  to  and  so  disposed  as  to  flank  each  other,  and  armed  with 
sufficient  artillery  to  prevent  heavy  columns  passing  between  them  without  being 
thrown  into  disorder  from  severe  loss  ;  or  else  made  of  a  size  to  contain  a  force  likely 
to  prove  formidable  to  the  rear  of  a  column  which  should  venture  to  pass  them.  In 
this  case,  indeed  in  all  cases,  the  outlets  from,  and  intervals  between  works,  should 
give  every  freedom  for  the  movement  of  troops  compatible  with  security  from  assault 
or  being  passed. 

'*  On  this  point  it  may  be  as  well  to  observe,  that  detached  enclosed  works,  in  front 
of  an  inferior  army  acting  on  the  defensive,  ought  to  be  regarded  as  vital  points,  per- 
forming certain  functions  of  themselves,  and  their  garrisons  be  considered  as  integral 
pai-ts  of  the  works,  destined  to  share  their  fitte — to  triumph  or  fiill  with  their  post, 
and  not  as  portions  of  the  army  to  be  protected  and  withdrawn.  Under  this  view, 
the  defensive  corps  being  left  unshackled  in  their  movements,  and  their  part  being 
confined  to  the  discomfiture  of  the  enemy,  they  will  be  prepared  to  seize  the  favour- 
able moment,  and  advance  to  the  attack  when  the  redoubts  shall  be  most  warmly 
engaged,  or  their  fire  have  thrown  the  assailants  into  confusion  ;  so  that  to  derive  full 
benefit  from  works,  as  much  judgment  is  required  in  posting  and  manoeuvring  the 
force  to  be  strengthened,  as  in  placing  the  works  themselves. 

'*This  leads  to  a  consideration  of  the  just  proportion  between  the  garnisons  of 
detached  works  and  the  army  they  cover,  and  also  of  the  length  of  front  along  which 
works  may  be  allowed  to  extend  for  given  numbers  of  men.  On  the  first  point  it  may 
be  observed,  that  the  better  the  troops  composing  the  defensive  army,  the  fewer 
should  be  the  works,  for  it  can  seldom  be  advisable  to  confine  any  considerable  body 
of  a  manoeuvring  and  steady  force  in  an  enclosed  work,  unless  it  be  the  key  or  main 
support  of  a  position ;  but  when  an  army  is  composed  in  great  part  of  ill-disciplined 
and  unsteady  troops,  artificial  defences  can  scarcely  be  too  numerous. 

"  The  extent  of  front  which  works  may  cover  need  in  strictness  only  be  limited  by 
the  power  the  army  possesses  of  succouring,  in  sufficient  time,  any  and  every  work 
that  may  be  pressed,  so  that  a  ready  or  difficult  communication  will  frequently  decide 
the  eligibility  of  occupying  a  distant  point ;  but  as  strength  is  invariably  gained  by 
concentration,  no  ground  should  be  occupied  that  is  not  intimately  connected  with 
the  main  object  of  defence,  even  if  invitingly  convenient.  On  this  head  no  better 
rule  can  be  followed  than  to  inquire,  previously  to  occupying  any  point,  whether  it 
bo  essential  to  the  support  or  safety  of  the  main  body  of  the  army  ;  and  on  each 
occasion  an  Officer  must  exercise  his  judgment  to  modify  and  turn  local  circumstances 


142  PRISONS^   MILITABY. 

to  adyantoge  on  the  tinoliaDgeable  baiia  of  sdenoe.  It  eannot,  howerer,  be  too 
•trongly  borne  in  mind  by  those  planning  defennve  ezi>edienta,  that  troops  are  the 
principals,  works  the  acoessories  of  defence, — ^that  the  latter  mnst  inTariably  be 
dependent  on  and  limited  by  the  former,  and  consequently  that  every  point  super- 
flnoQsly  retrenched  is  an  unnecessary  source  of  distraction  and  division  of  force. 
Field-works  can  never  without  hazard  be  left  to  their  own  garrisons ;  and  reverting 
to  the  Lines  of  Torres  Yedras,  which  would  seem  to  warrant  the  ereation  of  an 
unlimited  number  of  defences,  it  may  be  confidently  predicted  that  any  Commander 
not  possessing  the  utmost  promptitude,  decision,  and  skill  in  manosuvring  troopSi 
who,  trusting  to  that  example,  shall  attempt  to  defend  against  a  superior,  or  even 
equal  force,  a  tract  of  four-and-twenty  miles  of  country  as  a  fortified  position,  will 
inMLibly  be  beaten ;  and  that  an  Engineer  who  should,  on  any  ordinary  ooeasion, 
copy  the  extended  system  of  isolated  redoubts  and  retrenchments  practised  in  firont  of 
Lisbon,  would,  instead  of  adding  to  the  strength,  altogether  cripple  an  army. 

"But  whenever,  by  the  foresight  and  skill  of  the  (General,  and  the  exertion  of  the 
Engineer,  the  arrangements  of  the  troops  and  works  shall  be  in  happy  unison,  and  a 
defensive  army  well  posted  shall  have  its  front  covered  with  works  constructed  on 
jnst  principles,  its  force  will  be  incalcalably  augmented,  and  its  defeat  rendered 
almost  impracticable.  Even  a  few  works,  thus  judiciously  disposed  on  the  prindpal 
features  of  the  ground,  or  to  sweep  the  approaches,  could  not  fail  to  add  materially 
to  the  powers  of  movement  and  resistance  of  a  defensive  force  ;  as  will  frequently 
the  most  trifling  efforts  of  labour,  such  as  loopholing  buildings,  barricading  streets, 
blocking  up  or  opening  communications,  destroying  bridges  or  roads,  or  the  fords  of 
a  river,  felling  abattis,  forming  emplacements  for  field-guns,  or  the  slightest  cover 
from  cannonade ;  and  an  active  and  sealous  Engineer  will  generally  find  opportunity 
on  the  eve  of  a  battle  to  strengthen,  by  some  of  these  various  labours,  the  fronts  and 
flanks  of  a  defensive  force. 

jb  <'  In  making  this  statement^  it  is  not  forgotten  that  since  the  improved  organisation 
of  armies  has  given  them  an  increased  fiuulity  of  movement,  and  a  consequent  oelerity 
and  boldness  of  enterprise,  placing  legs  almost  on  an  equality  with  arms  in  war,  time 
is  rarely  allowed  to  a  defensive  force  for  perfecting  defensive  expedients ;  but  this 
oonsideration,  so  far  from  being  deemed  to  excuse  the  attempt,  should  only  stimulate 
an  Engineer  to  increased  exertion.  *  •  •  *  rpj^^  jQ^g^  simple  exercise 
of  his  art  will  occasionally  prove  its  paramount  utility  ;  and  as  it  not  unfrequently 
oocurs,  even  after  hostile  armies  come  into  view,  that  days  pass  in  reconnoitring  or 
preparation  for  attack,  who  can  say  on  such  occasions  to  what  extent  activity  and 
intelligence  may  not  gain  artificial  strength  for  a  field  of  defensive  action,  and 
consequent  character  and  reputation  for  an  Officer  f "  * 


PRISONS,  MILITARY:    discipline  and  management.  + — The 

question  of  Military  Imprisonment  having  engaged  much  public  attention  during 
previous  years,  was  very  fully  inquired  into  by  Commissioners  appointed  for  the 
purpose  in  1835  and  18S6  :  little,  however,  was  done  at  the  time  to  give  effect  to 
their  recommendations  ;  but  the  late  Lord  Ilardinge,  on  assaming  office  as  Secretary 
at  War  in  1842,  proposed  to  his  Grace  the  Commander-in-Chief  that  a  Committee 
should  be  appointed  to  investigate  the  subject,  and  report  their  opinion  on  the  means 

—       ■  -       ■ _  _  Jl  Ml  I       I    » ^^^ 

*  See  article  '  ForUflcatlon,  Field,'  toL  U. 

t  By  Mi^or-General  Sir  Joshua  Jebb,  K.C.B.,  Royal  Eoginesrs,  Inspector-General  of  Militar 
Prisons. 
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of  oanylng  into  effect  a  ragokr  Byttem  of  Military  ImpriMnment  as  a  rabititate  for 
the  general  infliction  of  corpora!  pnnishment* 

A  Committee,  of  whicli  Lient. -General  Bail  Oatbcart  was  President^* was  appointed 
accordingly,  and  receiyed  their  instmctions  from  Sir  James  Qraham,  Secretary  of 
State  for  the  Home  Department.  The  chief  {Mints  to  which  the  attention  of  the 
Committee  was  directed  were  the  following : 

Whether  it  might  not  be  desirable  to  mature  for  the  fdture  a  permanent  scheme  as 
regards  the  establishment  of  prisons,  in  which  military  offenders  alone  shall  be  eonfined| 
and  in  which  they  might  be  snl^jected  to  the  discipline  and  punishment  best  snited  to 
their  military  habits,  and  to  the  nature  of  their  offences. 

Whether  any  and  what  changes  were  required  to  be  made  in  the  Mu^y  Act^  with 
reference  to  this  subject. 

Whether,  without  any  change  in  the  law,  a  system  of  military  punishment  might 
not  be  laid  down  which  would  adapt  itself  to  the  greater  portion  of  the  cases  of 
soldiers  seutenced  to  confinemeut  for  military  offences.  Whether  drill,  breaking 
stones,  or  other  hard  labour,  might  not  le  substituted  for  confinement  in  civil  gaols. 

The  Committee  were  to  report  upon  the  nature  of  the  confinement,  the  system  of 
drill,  the  hard  labour,  the  diet,  the  clothing,  the  bedding  of  the  prisoners.  They 
were  also  to  take  into  their  consideration  the  jMwers  to  be  given  to  the  Ofllcers 
in  charge  to  repress  refractory  and  insubordinate  conduct  amongst  the  prisonersi 
whilst  undergoing  their  sentences ;  and  who  in  their  judgment  should  be  invested 
with  the  superior  powers  of  Visiting  Justices,  and  exercise  superintendence  and 
control* 

The  Committee  eommenced  their  sittings  early  in  the  spring  of  1844,  and  continued 
them  iaM  the  end  of  June  in  the  same  year.  Their  views  on  the  means  of  effecting 
the  proposed  objects  were  as  follow  : 

With  reference  to  the  provisions  to  be  made  in  the  Mutiny  Act  for  establishing 
Military  imprisonment,  clauses  were  proposed  for  empowering  the  Secretary  at  War 
to  establish  military  prisons,  and  appoint  visitors  and  officers,  &c.,  and  to  confisr 
upon  him  generally  tiie  same  powers  that  are  vested  in  any  of  Her  Majesty's 
principal  Secretaries  of  State,  with  respect  to  civil  prisons.  Another  clause  waa 
proposed  for  the  purpose  of  giving  to  the  Superior  Officer  in  command,  whose  duty  it 
might  be  to  confirm  the  sentence  of  a  court-martial,  the  power,  which  he  did  not 
previously  possess,  of  selecting  the  plaoe^  whether  a  civil  gaol  or  a  military  prison,  in 
which  the  offiinder  should  be  confined,  and  ttom  which  he  might  at  any  time 
remove  the  prisoneri  in  order  that  the  prisoner  might  undergo  the  remainder  or  any 
part  of  his  sentence  in  some  other  public  prison  or  place  of  confinement :  hence- 
forward, therefore^  oourts-martial  do  not,  in  their  sentences,  notice  the  plaoe  of 
imprisonment. 

With  reference  to  the  question  of  establishing  prisons  in  which  military  offenders 
alone  might  be  confined,  and  in  which  they  might  be  subjected  to  the  discipline  and 
punishment  best  suited  to  their  military  habits  and  the  nature  of  their  offences,  the 
Committee  took  into  consideration  the  minute  of  Sir  Henry  Hardlnge,  dated  the  24th 
of  May,  1842,  the  Report  of  1837  of  the  Home  Inspectors,  and  the  opinions  of  various 
military  authorities  referred  to  in  these  and  other  documents;  and  they  thus 
expressed  their  opinion  : — '*  That  assuming,  in  liminef  the  concession  to  public 
opinion  of  the  general  disuse,  though  not  total  abolition,  of  corporal  punishment^  and 


*  The  following  were  the  members  of  Lord  Cathcart's  Committee :  Colonel  Grant,  oom* 
manding  Qrenadier  Guards ;   Colonel   Godwin,  late   commanding  4l8t  Regiment ;  Mi^o 
Jebb,  R.B.,  Surveyor-General  of  Prisons;  Rev.  D.  Nihil],  late  Chaplidn  of  Millbank  Penitentiaiy 
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feeling  the  insuperable  difficulty  of  deriBiog  any  new  satisfiEMtory  penalty,  repreenve 
of  crime  in  the  Army,  the  Committee  considered  they  had  no  altematiTe  but  a  choice 
between  ciyil  and  military  prisons,  and  they  could  not  hesitate  to  prefer  the  latter, 
and  to  come  to  a  decisive  conclusion  in  favour  of  a  permanent  scheme  as  regards  the 
establishment  of  prisons  exdnsively  for  military  offenders." 

They  go  on  to  say,  that  in  considering  the  subject  generally,  there  were  two  species 
of  punishment  to  be  provided  for,  viz.,  &olitary  confinement,  and  imprisonment  with 
hard  labour. 

In  reference  to  the  former,  they  did  not  propose  any  change  in  the  principle  of  the 
existing  law,  but  merely  suggested  an  amendment  which  was  incorporated  into  the 
Mutiny  Act,  for  enabling  courts-martial  to  sentence  prisoners  to  solitary  confinement, 
(not  only,  as  formerly,  to  periods  not  exceeding  one  month  at  a  time,  or  three  montha 
at  different  times  with  intervals  of  not  less  than  one  mouth, )  but  also  for  shorter  periods^ 
with  intervals  of  imprisonment  with  hard  labour  of  not  less  duration  than  the  perioda 
of  solitary  confinement. 

Clctuification  of  Prisoners. — With  respect  to  sentences  of  imprisonment  with  hard 
labour,  or  mixed  sentences  involving  periods  of  hard  labour  alternating  with  solitary 
confinement,  the  Oonunittce  recommended  associated  labour  under  a  rule  of  silence  in 
preference  to  what,  is  technically  called  *  the  Separate  System,'  but  upon  this  they 
grafted  a  principle  of  classification  to  which  they  attached  considerable  importance. 

To  any  one  conversant  with  the  operation  of  this  principle  in  ordinary  prisons,  and 
with  a  knowledge  of  its  having  been  repudiated  by  the  best  authorities  on  prison 
discipline,  it  will  at  first  sight  appear  extraordinary  that  the  attempt  should  be  made 
to  revive  it  in  military  prisons.  It  is  necessary,  therefore,  to  explain  that  cUtssiJica- 
iion  under  the  Gaol  Acts  is  based  upon  the  crime  for  which  a  prisoner  happens  to  be 
sentenced,  by  which  any  one  frequently  re-committed  for  different  offences  may  find 
himself  alternately  associated  with  felons  or  misdemeanants,  or  others,  as  the  case  may 
be  :  this  affords  no  moi-al  standard  by  which  to  make  a  classification,  and  therefore 
leads  to  much  practical  evil. 

The  classification  recommended  by  the  Committee,  on  the  contrary,  is  based  upon 
charctcter,  and  will  be  best  understood  by  the  following  rule  : 

**  The  Qovemor  will  bear  in  mind  that  the  object  of  classification  is,  firsts  to  protect 
the  young  soldier,  and  the  less  hardened  offender,  from  the  mischievous  consequences 
of  association  with  worse  characters  ;  and  secondly,  to  hold  out  an  inducement  to  all 
the  prisoners  to  behave  well  in  prison,  by  the  hope  of  reward  and  the  fear  of  punish* 
ment,  in  being  either  promoted  to  a  higher  class,  or  degraded  to  a  lower  one.  In 
applying  this  principle,  the  worst  characters,  such  as  have  been  convicted  of  'dis- 
graceful conduct,'  or  who  may  appear  to  be  confirmed  drunkards,  or  incorrigible  and 
hardened  offenders,  and  prisoners  who  have  ever  been  subject  to  corporal  punishment^ 
would  obviously  be  placed,  on  reception,  in  the  third  class. 

''Those  prisoners  who  do  not  come  imder  this  description,  and  of  whom  better 
hopes  may  be  formed,  will,  as  an  invariable  rule,  be  placed,  on  reception,  in  the 
second  class;  but  the  Governor  will  exercise  his  discretion  in  making  an  early 
selection  for  promotion  to  the  first  class  of  any  prisoner,  who,  from  the  nature  of  hia 
offence,  and  previous  good  character,  appears  deserving  of  such  distinction,  or  who, 
from  his  youth  or  other  circumstances,  requires  to  be  protected  from  the  bad  effects  of 
associating  with  worse  characters. 

%.'  **  The  first  class  shall  be  composed  of  those  prisoners  who,  from  their  quiet,  orderly 
habits  and  general  good  conduct  under  punishment,  may  appear  deserving  of  being 
promoted  from  the  teeond  class,  after  some  experience  has  been  gained  of  their 
characters* 
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'<  In  like  mAnner,  prisonen  in  the  third  class  will,  by  good  conduct)  be  eligible  for 
promotion  to  the  second  class. 

"  Prisoners  in  either  the  first  or  second  classes  will  also  be  liable  to  be  removed  to 
a  lower  class  for  misconduct. 

**  The  classes  will  be  distinguished  by  badges  marked  as  first,  secondi  or  third  class, 
attached  to  some  conspicuous  part  of  their  prison-dress.'* 

The  difierence  in  treatment  between  the  first  and  second  classes  is,  that  the  former 
are  generally  exempted  from  shot-drill,  and,  during  the  hours  prescribed  for  that 
exercise,  are  employed  under  a  warder  of  the  Boyal  Artillery  in  working  heavy  guns, 
or  in  labour  not  of  a  penal  character.  They  have  also  a  meat  dinner  on  Sundays,  and 
the  silence  enforced  on  other  classes  during  the  evening  is  relaxed|  and  they  are 
permitted  to  converse  in  an  orderly  manner. 

The  distinction  between  the  second  and  third  classes  consists  in  the  former  bemg 
exercised  with  24Ibs.  shot,  while  the  latter  carry  32Ib0.  shot.  The  second  class  also 
receive  school  instruction  from  6  to  8  o'clock  in  the  evening,  whibt  the  third  class  are 
employed  in  picking  oakum. 

These  distinotiona  between  the  dasses  may  api>ear  trifling,  but  experience  has 
fhewn,  by  the  endeavour  that  is  generally  made  to  obtain  the  advantage  of  promotion 
to  the  higher  class,  that  they  jMssess  the  required  influence. 

Hard  Labour, — With  respect  to  hard  labour,  the  Committee  were  of  opinion  that 
it  was  an  object  to  avoid  any  description  of  labour  or  exposure  which  had  a  tendency 
to  degrade  the  soldier.  With  this  view  they  objected  to  the  use  of  the  tread-wheel, 
and  to  the  employment  of  prisoners  in  gangs  outside  the  prison  ;  and  in  lieu  of  these 
ordinary  methods  of  enforcing  sentences  of  hard  labour,  they  proposed  piling  and 
unpiling  heavy  shot,  knapsack  drill,  working  heavy  guns,  or  other  such  employment. 

Diet, — ^With  respect  to  diet,  it  was  recommended  that  it  should  be  such  as  would 
maintain  the  prisoner  in  perfect  health,  so  that  on  rejoining  his  corps,  he  should  be 
fit  for  immediate  duty.  They,  however,  strongly  urged  their  opinion  that  no  comfort, 
not  essential  to  health,  should  be  allowed,  and  that  a  prisoner  should  be  made  to  feel, 
during  the  whole  period  of  his  confinement,  that  his  state,  and  condition  was,  in  all 
respects,  much  worse  than  when  doing  duty  with  his  regiment. 

Oovemor  and  Subordinate  Officers.— On  the  subject  of  the  officers  to  be  appointed 
to  the  charge  of  the  Military  Prisons,  the  Committee  were  of  opinion  that,  ''  consider- 
ing the  extent  of  the  prisons,  the  power  to  be  vested  in  the  chief  Officer,  and  his 
responsibilities,  the  Governor  ought  to  be  a  Commissioned  Officer;  and  that  an 
Officer  possessing  the  qualifications  of  a  good  A<](jutant  would  be  the  most  suitable  for 
the  situation." 

They  conceived  it  to  be  an  object  to  retain  the  advantages  of  that  chain  of  respon- 
nbility  which  exists  in  the  Service,  and  therefore  recommended  that  the  chief  warder, 
or  second  in  command,  should  be  of  the  grade  and  possess  the  qualifications  of  an 
effective  segreant-major ;  that  the  warders  should  be  of  the  grade  of  colour-sergeants ; 
and  their  assistants  of  sergeants  and  corporals  to  be  taken  from  the  Pension  List, 

Visitors  or  Qoveming  Bodies. — With  respect  to  the  general  superintendence  of  the 
military  prisons,  the  Committee  suggested  that  visitors  should  be  appointed  by  the 
Secretary  at  War,  and  a  power  to  that  effect  was  given  by  the  Mutiny  Act. 

They  were  of  opinion  that  the  following  Officers  would  be  suitable  as  visitors  to 
Jlilitary  Prisons : — 

The  Genera],  or  the  Officer  commanding  the  district  or  station  ; 
The  Assistant  Adjutant-General ; 

The  Assistant  Quarter-master-General,  or  the  Brigade-Major  ; 
The  Garrison  Chaplain  ; 
VOL.  nu  t 
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The  Prindpal  Medidid  OAmt  | 

The  Commanding  or  Field  Officers  of  regimenit  9t  MTpt  in  the  district  or 
tMixm  ftyr  the  tLme  heing  } 
and  Buch  other  persons  as  the  Secretary  at  War  might  ap|>oltitt 

DwraHon  c/  ImprUonmmU^  and  JS^pffiif.-^With  HNanuM  to  th«  dutmtioli  of 
imprisonment)  the  Committee  obtemd,  that  ttiidtr  the  law  m  It  then  tziited,  distriet 
And  general  oonrtt-iiiartiAl  had  aa  nnUmited  twwer  with  reapect  to  the  perioda  for 
which  they  might  aWAlfd  intpriioiinMnti  (Mtoeptf&g  in  the  ease  of  solitary  ooniinemettl») 
nnd  that  the  tiiMl  wiS  tiwietiines  to  tntsnd  n  nan's  imprisonment^  and  eonssqnently 
his  ahsenee  fitmi  duty,  to  ono)  or  ttan  two  years.  It  is  Tery  generally  admitted  that 
the  punishment  of  imprisonment,  if  too  long  protracted,  loses  much  of  Jte  mora 
effect,  from  the  prisoner's  becoming  calloni  to  his  situation,  nnd  no  snffident  ndvan- 
tags  is  therefore  gained  to  eompensato  for  the  eril  of  his  being  so  long  ahsnt  from 
his  regiment.  The  Committee  therefore  reoommended  that  the  actual  detention  of  a 
soldier  in  prison  should  not  eioetd  six  months,  except  by  sentenee  of  a  general  eourt- 
martiaL 

On  the  qnistion  of  ths  eipense  of  maintaining  the  MilitAry  l^risons,  the  Committee 
fttated  their  opiniott)  that  the  earing  aoeruing  from  the  stoppage  of  the  sdldien^  pay 
might  probably  coyer  the  Whole  expense  of  carrying  into  effect  an  improTed  system  of 
diseipline,  which  eould  not  fail  to  be  of  adrantage  to  the  Serrioe. 

lUgiminial  fmpritimmeni  in  Oarriwn  or  Barradi  CelU. — ^With  respeet  to  the 
tery  important  question  of  regimental  imprisonment  in  garrison  or  barrack  c^ls,  the 
Committee  strongly  urged  the  expediency  of  estoblishing  some  efficacious  means  of 
repressing,  by  salutary  punishment,  thoee  minor  offences,  which,  for  want  of  dne 
ooercion,  prove  in  numerous  instances  the  precursors  of  more  serious  delinquency, 
and  stated  their  opinion  that  the  power  then  possessed  by  Commanding  Officers  of 
regimento  was  inadequate  for  the  purpose.    With  this  view  they  strongly  recom- 
mended that  a  proportion  of  properly  constructed  cells  should  immediately  be  pro- 
Tided  at  erery  barradc  station  in  Qreat  Britain  and  Ireland ;  that  proTost^sergeants^ 
selected  from  the  effectiye   strength  of  the  respective  corps,  should  be  appointed  in 
every  regiment,  to  take  charge  of  the  prisoners  in  the  cells,  and  to  be  otherwise 
employed,  under  the  orders  of  the  Commanding  Officer,  in  the  police  duties  of  the 
barracks ;  and  that  Commanding  Officers  should  in  future  have  the  power  to  imprison 
soldiers,  on  their  own  authority,  for  minor  offences,  for  a  period  not  exceeding  sfseii 
days,  accompanied  by  a  stoppage  of  pay,  with  the  exception  of  a  sum  not  exceeding 
M,  a  day  to  be  drawn  for  subsistonce.     They  observed  with  reforence  to  the  stoppagO 
of  a  soldier's  pay  when  undergoing  imprisonment  by  order  of  a  Commanding  Officer, 
that  it  was  justified  on  the  equitable  principal,  that  when  a  man  by  miscondnot  dis- 
qualifies himself  for  the  performance  of  duty,  he  cannot  justly  claim  that  pay  to  whidi 
the  performanoe  of  duty  can  alone  entitle  him. 

The  Committee,  at  the  same  time,  drew  up  a  set  of  rules  specially  applicable  to 
soldiers  undergoing  regimental  imprisonment  in  the  barrack  oells,  and  for  the  guidance 
of  the  provoet-sergeanto  in  the  performance  of  their  duties. 

They  also  recommended  that  sentences  by  courts-martial  for  periods  not  exceeding 
forty-two  days,  should  be  carried  into  effect  in  the  proposed  barrack  cells  ;  but  that 
all  prisoners  sentenced  to  longer  periods  of  oonfinement  should  undergo  their  punish- 
ment in  the  district  military  prisons,  where  a  more  suitable  staff,  and  a  more 
corrective  and  reformatory  discipline,  could  be  maintained,  than  it  would  be  possible 
to  establish  in  very  small  prisons. 

EneouragemtTU  to  Welhcondneted  Soldiert, — The  Oommittee  offered  their  opinion 
upon  this  important  subject  in  the  following  terms : 
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''The  «no(mngemeiit  of  the  weU-condneied  soldier  \»  no  lemi  condndTe  to  the  good 
order  of  the  Serrice  than  the  punishment  of  the  bad.  With  a  vieir  to  thii  objeet^  the 
Committee  would  recommend,  that  erei^  soldier  who  has  been  aotuallj  serring  and 
doing  datj  with  his  regiment  in  the  ranks,  shall,  at  the  expiration  of  nineteen  years 
of  nnintermpted  good  conduct,  and  being  in  possession  of  two  good-conduct  badges, 
and  the  additional  pay  corresponding  thereto,  of  which  he  has  never  been  deprired  for 
any  misconduct^  be  entitled  to  all  the  priTileges  now  enjoyed  by  a  Waterloo  man ; 
namely,  to  have  two  years  added  to  his  service,  and  the  immediate  benefit  of  this 
addition  as  respects  his  receiving  the  third  good-conduct  distinction  and  pay,  which 
would  otherwise  have  been  due  only  after  twenty-one  years*  service,  and  prospectively 
as  it  will  affect  his  claim  to  additional  pension  on  discharge." 

Steps  taken  for  establishing  Military  Prisons, — The  foregoing  were  the  chief  reoom- 
mendatioBs  of  Lord  Cathcart*s  Committee,  and  instructions  were  immediately  issued 
by  Sir  Thomas  Freemantle,  who  had  succeeded  Sir  Henry  Hardinge  as  Secretary  at 
War,  for  giving  effect  to  them.  Arrangements  were  made  for  convertbg  Fort  Clarenee 
at  Chatham,  Southsea  Castle  at  Portsmouth,  and  a  portion  of  the  extensive  Ordnanoe 
Stores  at  Weedon,  into  three  district  Military  Prisons ;  and  as  soon  as  the  necessary 
works  could  be  completed  under  the  direction  of  the  Soyal  Engineer  Department^ 
officers  were  appointed,  and  the  prisons  were  occupied. 

A  large  block  of  garrison  cells  having  been  previously  erected  at  Devonport,  wafl 
subsequently  converted  into  a  Military  Prison,  and  four  prisons  were  thus  established 
in  England. 

The  hospital  attached  to  the  barracks  at  Greenlaw,  near  Edinburgh,  was  at  tht 
same  time  converted  into  a  Military  Prison  for  Scotland. 

With  respect  to  Ireland,  the  then  existing  Provost  Prison  at  Dublin,  the  prison  at 
Limerick,  which  had  been  brought  into  a  very  effective  state  under  the  direction  of 
Colonel  Mansell,  and  the  cells  at  Cork  and  Athlone,  were  brought  under  regulations 
issued  by  the  Secretary  at  War,  and  established  temporarily  as  Military  Prisons  for 
Ireland. 

Preparations  were  at  the  same  time  made  for  converting  the  black  holes  and  dry 
rooms  attached  to  most  guard-rooms  into  cells  of  a  sise  and  construction  proper  for 
the  enforcement  of  a  regimental  system  of  imprisonment,  under  regulations  issued  by 
the  Commander-in-Chief. 

Suitable  quarters  for  a  provost-sergeant  were  added  to  the  blocks  of  cells  which 
had  been  built.  Others  were  erected  on  an  improved  and  more  economical  principle 
of  construction ;  and  means  were  thus  afforded  in  a  comparatively  short  time,  for 
giving  effect  to  the  provisions  of  the  Mutiny  Act,  as  regarded  regimental  imprisonment^ 
and  the  increased  power  conferred  upon  Commanding  Officers. 

Osneral  Statistics, — The  Military  Prisons  at  homo  are  the  following  i— 

EnglancL — Chatham,  Gosport^  Weedon,  Deronport,  Aldershot. 
iSco^Idfid.— Greenlaw,  near  Edinburgh. 
Ireland, — Dublin,  Cork,  Limerick,  Athlone. 

In  all,  ten  prisons  in  the  United  Kingdom. 

At  foreign  stations,  the  following  prisons  are  established : 

Gibialtar,  Quebec,  Hali&x,  Barbados,  Bermudai  Mauritius,  Vido  for  the  loidaii 
Islands,  and  St.  Elmo  at  Malta. 
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The  foIlowiDg  are  the  principal  statiatica  of  the  Military  FrisonB  at  home,  omitting 
Aldershot,  for  the  seven  years  ending  1855  :-* 


1849. 

1850. 

1861. 

1852. 

1853. 

1854. 

1855. 

Total  number  of    pri- 
soners admitted  . 

8,633 

8,565 

3,266 

8,313 

8,831 

8,807 

5,822 

Proportion  per  cent  of) 

those  admissions    to  V 

6*30 

500 

4  66 

4-57 

4-47 

4-78 

4-48 

the  force             .        . ) 

Daily   average  number  \ 

of  prisoners   in   con- 
flnomeat    throughout 

750 

650 

550 

542 

670 

604 

5G2 

the  year                      .) 

Proportion  per  cent  of  1 

the  average  numbers  I 
in  confinement  to  the  f 

113 

0-03 

0-78 

074 

0  76 

0  73 

0-47 

force    .               .       .J 

Average  length  of  sen- 1 
tences  .       .       .       .) 

00  days 

04  days 

05  days 

02  days 

02  days 

87  days 

77day» 

Punishments     inflicted 

by  VisitOTB  for  scriouc 
onenoes,  viz.—    . 

Corporal       punish- 

11 

11 

6 

6 

0 

4 

5 

ments  . 

5501aahe8 

405  lashes! 

300  lashes 

250  lashes 

238  lashes 

125  lashes 

Sentenced   to    soli- 
tary confinement 

15 

15 

10 

8 

17 

10 

6 

Sentenced  to  sepa- j 
rate  confinement 

33 

20 

6 

0 

9 

4 

0 

Sentenced  to  be  put 
in  irons                . ) 

6 

1 

1 

o 

1 

1 

The  following  is  a  statement  of  the  ages,  services,  conntry,  and  religion  of  the 
prisoners  admitted  in  the  years  1849  to  1855  indnalve  : — 


Aoss. 
Under  20  years    . 
From  20  to  30  years     . 
„    30  to  40  years     . 
Above  40    • 

1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

575 
2,446 

482 
30 

386 

2,585 

565 

29 

317 

2,415 

504 

30 

350 
2,344 

580 
39 

621 

2,189 

487 

34 

962 

1,937 

895 

13 

1,577 

8,185 

528 

82 

Sebvices. 

3,533 

3,565 

3,266 

3,313 

3,831 

3.307 

5,322 

2  years  and  nnder 
Under  7  years      . 
Prom  7  to  14  years 

,,    14  to  21  years 
Above  21  years    . 

986 

1,554 

798 

171 

24 

761 

1,656 

928 

209 

11 

531 

1,669 

849 

200 

17 

651 

1,531 

841 

260 

30 

986 

1,291 

813 

211 

80 

1,580 

884 

636 

193 

14 

3,902 

692 

512 

188 

28 

COUUTBT. 

3,533 

3,565 

3,266 

3,313 

3,331 

3,307 

5,322 

English       .... 
Scotch         .... 
Irish 

1,873 

405 

1,255 

1,992 

316 

1,257 

1,840 

313 

1,113 

1,737 

476 

1,100 

1,902 
424 

1,005 

1,817 
342 
1,148 

2,983 

557 

1,742 

Professed  Rsligiok. 

3,533 

3,565 

3,266 

3,313 

3,331 

1,937 
468 
926 

3,307 

5,322 

Protestant  .        •        «        . 

Presbyterian 

Roman  Catholic  .        .        , 

2,121 
325 

1,087 

2,260 

268 

1,047 

2,063 
246 
957 

1,977 
891 
945 

2,028 

247 

1,032 

8,268 

344 

1,715 

3,533 

3,565 

3,266 

3,318 

3,331 

8,307 

5,822 
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BxpendUure. — The  following  is  a  statement  of  the  expenditure  on  aocoont  of  the 
Military  Prieons  during  the  eight  yean  ending  1855  : — 


ExpenBes  inciirred. 

1847. 

1848. 
£, 

14,801 
16,171 

1849. 

1850. 
£ 

13,291 
13.788 

1851. 

1852. 

1853. 

1854. 

1855. 

The  total  charge  for  pay  Bnd\ 
allowances  of  prison  officers, 
and  for  the  subsistenoe  and 
washing  of  the  prisoners,  was  J 

The  full  pay  ana  beer  moneys) 
of  prisoners  in  confinement  • 
not  issued  amounted  to 

£ 
18,741 

18,310 

14,106 
15,543 

£ 
12,451 

11,329 

£ 

12,598 

11,890 

£ 
13,488 

11,925 

£ 
14,359 

9,999 

£ 
15,938 

13,868 

j^ffecU  of  the  DUcipUne. — Having  adverted  to  the  principle  as  well  as  the  details  of 
the  discipline  enforced  in  the  Military  Prisons,  and  brought  forward  such  facts  as  will 
throw  a  light  on  the  general  operation  of  the  system,  I  would  observe  that,  so  far  as 
an  opinion  can  be  formed  of  the  state  of  discipline  in  the  army  by  the  amount  of 
punishment,  the  results  exhibited  in  the  first  return  inserted  at  page  148  are  encou- 
raging and  satisfactory. 

The  facts  may  be  thus  stated  : — In  1843  the  number  of  soldiers  imprisoned  at  any 
one  time  under  sentence  by  courts-martial  in  civil  prisons,  exclusive  of  those  who 
might  be  in  confinement  by  order  of  Commanding  Officers,  were  in  the  ratio  of  20  in 
1,000. 

In  the  fire  years  from  1847  to  1851,  ailer  the  Military  Prisons  were  brought  into 
operation^  the  average  number  in  confinement,  including  also  those  in  barrack  cellar 
by  order  of  Commanding  Officers,  amounted  to  little  more  than  14  in  1,000.  During 
the  following  three  years,  from  1852  to  1854,  the  number  was  still  further  reduced  to 
About  11  per  1,000.  In  1855  it  was  only  7  per  1,000,  but  this  fSUling  off  may  be 
attributed  to  the  bulk  of  the  army  being  in  the  East. 

The  diminution  in  the  number  undergoing  imprisonment  for  serious  offences  is  the 
more  deserving  of  attention,  when  it  is  remembered  that  this  mode  of  dealing  with 
military  offenders  has  almost  superseded  corporal  punishment. 

Discipline. — The  discipline  now  in  force  in  the  military  prisons  is  in  all  respects  in 
conformity  with  the  recommendation  of  Earl  Cathcart*s  Committee,  and  has,  on  the 
whole,  worked  in  a  satisfactoiy  manner.  In  reviewing  the  subject,  it  will  be  seen 
that,  by  the  prompt  measures  taken  by  the  Secretary  at  War  for  giving  effect  to  the 
Report  of  the  Committee^  the  practice  of  committing  soldiers  to  civil  prisons  soon 
became  almost  unnecessary.  The  gaols  were  thus  relieved  from  a  serious  and  incon- 
venient pressure ;  the  soldier  was  not  degraded  by  being  placed  by  the  side  of  a  felon, 
and  taunted  by  him  as  being  on  the  same  level ;  he  was  also  spared  the  public  expo- 
sure of  being  committed  to  a  common  house  of  correction,  and  at  the  same  time  was 
subjected  to  an  effective  punishment  better,  adapted  to  his  habits,  and  more  likely  to 
secure  the  objects  for  which  he  was  sentenced. 

Another  great  advantage  was  gained.  The  system  of  discipline  in  all  Military 
Prisons  is  perfectly  uniform,  whereas,  when  prisoners  were  indiscriminately  com* 
mitted  to  civil  prisons,  there  was  the  greatest  uncertainty  as  to  the  degree  and  nature 
of  the  punishment  which  would  be  inflicted.  But  few  prisons  could  be  selected  in 
the  whole  country  where  uniformity  of  discipline  prevails.  In  some,  the  greatest 
strictness  and  severity  is  found,  in  others,  the  greatest  mildness  and  laxity  ;  in  some, 
the  strictest  separation,  in  others,  the  most  unrestricted  and  contaminating  association ; 
nothing,  in  fact,  being  so  different  as  the  degree  of  punishment  inflicted  in  different 
prisons.    The  means  of  maintaining  discipline,  therefore,  so  far  as  it  depended  upon 
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•fficacioiis  pukiihment  for  the  repneiion  of  erime,  waa  thni  a  mAiter  of  chaaoey 
inflaenoed  in  a  great  measure  by  the  character  of  the  difcipline  in  the  nearwt  priion. 

The  primary  object  for  which  the  regalations  for  the  Military  Priaona  hare  been 
framed  has  been  to  represa  crime  in  the  Army,  by  creating  a  salutary  dread  of  a 
prison ;  and  subordinate  to  this  object  has  been  the  prerention  of  the  repetition  of 
crime  by  the  same  indiyidual  in  the  endearour  to  reform  him. 

It  will  be  admitted  by  all,  that  punishment  and  reformation  are  the  mi^  olject*  of 
penal  discipline,  and  the  question  to  be  considered  is,  the  due  a^joitment  of  these 
elements. 

In  the  routine  of  discipline  which  has  been  established,  the  prisoners  are  under 
strict  superintendence  and  control,  from  6  o^dock  in  the  morning  till  8  o*clock  at 
night,  and  ha7e  a  fair  share  of  hard  labour  to  perform,  consisting  of  shot  exercise, 
drill,  pickbg  oakum,  breaking  stones,  &c  In  those  prisons  where  separate  oella  are 
proTided,  each  prisoner  takes  his  meals  alone  and  sleeps  in  his  cell.  In  other  prisons 
which  were  couTerted  from  existing  buildings,  the  prisoners  are  associated  at  meals, 
and  sleep  in  large  rooms  or  bomb-proofs,  but  night  and  day  they  are  under  oloae 
supervision,  and  the  strictest  silence  is  maintained  on  all  occasions. 

If  this  routine  be  compared  with  the  ordinary  discipline  of  ciril  prisitms,  it  will  ba 
found  that  although  the  hard  labour  is  of  a  less  degrading  character,  it  is  fully  as 
serere. 

As  regards  the  reformation  and  welfare  of  a  prisoner,  the  Ckyremors  are  eigoined 
to  bear  in  mind,  that  the  chief  object  of  establishing  a  prison  exdusively  for  military 
offenders  is  to  maintain  discipline  in  the  Army ;  and  as  punishment  alone  can  hardly 
be  expected  to  produce  this  effect,  he  should  consider  it  his  duty  to  endearour  to  instil 
soldier-like  and  moral  principles  into  the  mind  of  erery  prisoner,  letting  him  see  that 
he  takes  an  interest  in  his  welfare,  and,  by  his  good  adyioe  and  kindly  admonitioii, 
endeavouring  to  convince  him  of  his  error,  and  to  encourage  him  to  aim  at  future 
good  conduct,  and  the  attainment  of  a  respectable  character  in  the  Service. 

The  Chaplain  also  is  directed  to  endeavour,  by  all  the  means  in  his  power,  and 
particularly  by  encouraging  their  confidence,  to  obtain  an  intimate  knowledge  of  the 
character  and  disposition  of  all  the  prisoners  :  for  which  purpose  he  shall  oeoasionally 
see  and  converse  with  every  prisoner  in  private;  and  whenever  he  shall  wish  to 
instruct  or  examine  a  class  of  prisoners,  he  shall  apply  to  the  Governor.  He  shall 
establish  an  evening  school,  and  frequently  attend  and  examine  the  prisoners  as  to 
their  progress,  and  give  directions  concerning  their  instruction  ;  and  he  is  expeeted  to 
allot  a  considerable  portion  of  his  time  to  visiting,  admonishing,  and  instructing  the 
prisoners  in  their  cells  and  rooms. 

Among  soldiers,  as  in  all  other  bodies  of  men,  there  are  to  be  found  reckleas  and 
incorrigible  characters,  who  can  neither  be  subdued  by  punishment,  nor  encouraged  to 
good  conduct  by  kindness  and  forbearance ;  and  it  is  very  generally  admitted,  that 
repeated  and  lengthened  terms  of  imprisonment  fail  in  their  effect  with  such  men  from 
their  becoming  habituated  to  the  confinement,  and  thus  ceasing  to  have  any  dread  of 
it.  During  long  periods  of  confinement  there  is  also  a  great  loss  of  service,  a  constant 
additional  duty  is  thrown  on  the  well-conducted  soldier,  and  discredit  is  brought  upon 
a  regiment  by  the  misconduct  of,  it  may  be,  a  very  few  men.  Such  characters  are' 
worse  than  useless  in  the  Service,  and  it  is  the  opinion  of  many  ofiEicers,  that  after 
repeated  trials,  they  should  be  marked  so  as  to  prevent  re-enlistment,  and  then  h$ 
discharged. 

The  advantage  of  this  course,  in  the  cases  of  hardened  and  incorrigible  characters, 
cannot  be  doubted ;  for  whatever  expense  may  have  been  incurred  in  training  the 
soldier,  no  service  is  afterwards  rendered  to  compensate  for  it.    On  the  other  hand, 
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however,  it  muBt  not  be  forgotten,  that  if  the  discharge  of  all  such  men  were  to 
become  an  eitabliahed  practice,  and  that  great  fadlitiea  for  getting  rid  of  them  were 
afforded,  it  might  operate  with  gome  as  an  inducement  to  commit  crime  with  a  view 
to  obtain  a  discharge. 

Several  Offioers  have  expressed  their  opinion,  that  the  discipline  of  Military  prisons 
is  not  sufficiently  stringent  and  severe  ;  that  the  comfort  of  the  prisons,  the  facilities 
far  cleanliness,  the  good  diet,  the  bedding  and  warm  dothing,  and  the  advantages  of 
being  every  night  in  bed,  contrast  &voarably  with  the  discomfort  of  many  barracks 
and  half-billet  stations,  and  with  the  onerous  duties,  especially  during  inclement 
weather,  that  fall  to  the  lot  of  soldiers  serving  with  their  regiments  :  others,  who  take 
a  warm  interest  in  the  wel&re  of  the  individual,  would  advocate  less  hard  labour  and 
more  instruction. 

This  question  is  of  paramount  importance.  In  considering  it,  however,  it  is 
necessary  to  keep  in  mind  the  different  objects  which  are  to  be  attained,  in  order  that 
we  may  not  lose  sight  of  their  relative  proportions,  and  be  carried  away  with  the  one 
idea  of  either  punishment  or  reformation. 

The  repression  of  crime  by  corrective  discipline  depends  mainly  on  the  punishment 
operating  widely  cu  an  example,  and  thus  exercising  a  deterring  influence  on  othersi 
and  in  a  minor  degree  by  the  individual  himself  being  deterred  from  future  offienoe 
from  fear  of  the  consequences,  or  by  his  being  so  reformed  that  he  ceases  to  commit 
crime  from  a  better  motive  than  that  of  fear. 

The  first  of  these  objects  will  be  promoted  by  carrying  into  effect  a  system  of 
discipline  known  to  be  of  a  severe  and  stringent  character,  such  as  will  make  men 
prudently  resolve  to  keep  dear  of  it  if  they  can.  It  should  also  dwell  on  the  memory 
of  one  who  has  onoe  been  sulgeet  to  it,  as  a  disagreeable  and  certain  ooiuBoquenoe  of 
crime,  and  thus  tend  to  prevent  its  repetition* 

At  the  same  time,  however,  that  a  severe  disoipUua  with  more  extended  objects  is 
maintained,  there  can  be  no  doubt  that  efforts  should  be  made  to  prevent  the  repetition 
of  crime  by  an  endeavour  to  reform  the  individual 

With  the  few  hardened  reckless  characters  that  are  to  be  found  in  every  regiment, 
reformation  is  a  very  hopeless  task  ;  but  with  young  soldiers  under  two  years*  service, 
and  with  many  under  sentence  for  *  desertion'  and  'absence  without  leave,*  (and 
these  constitute  the  majority,)  such  a  course  cannot  £Gkil  to  have  its  effect. 

Among  other  things,  it  has  been  suggested,  that  it  would  be  of  advantage  to  turn 
the  labour  of  the  prisoners  to  account,  by  placing  it  at  the  disposal  of  the  Bngineer 
Departmenti  or  using  it  for  garrison  purposes,  in  rolling  and  weeding  parades,  keeping 
the  roads  and  drains  in  order,  Jco^  instead  of  wasting  it  upon  such  unproductive 
labour  as  removing  shot.  This  question,  however,  can  only  be  considered  in  conneo- 
tion  with  the  ol^ect  of  imprisonment.  If  crime  could  be  repressed,  and  a  prison  be 
made  an  object  of  aversion  and  dread  by  giving  prisoners  the  ordinary  occupation  to 
which  they  bad  been  accustomed  either  before  they  enlisted  or  during  their  service, 
there  would  be  everything  in  fiivour  of  applying  their  labour  to  some  useful  purpose  ; 
but  it  will  be  in  the  experience  of  all  who  are  praetically  acquainted  with  the  subject, 
that  no  ordinary  occupation  can  be  enforced  to  the  extent  of  hard  labour  as  con* 
templated  by  the  sentence  of  the  Court,  or  so  as  to  be  an  effective  punishment.  It  is 
not  the  value  of  the  labour,  but  the  question  of  whether  it  is  adapted  for  promoting 
the  main  object  of  the  sentence,  which  should  be  considered,  and,  as  £sr  as  I  am 
enabled  to  form  an  opinion,  no  labour  will  be  found  so  produetive  in  prisons  as  that 
which  is  calculated  to  deter  others,  and  the  individual  himself  from  subjecting  them- 
idves  to  it.  The  main  ol^eet  cannot  be  accomplished  by  amusing  prisoners  by  such 
employment  as  will  only  s^re  to  l#Mn  the  tedium  of  their  confinement. 
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On  a  careful  conaideration  of  the  subject,  I  am  not  prepared  to  advocate  a  mors 
lenient  system  of  prison  discipline  for  the  repression  of  offences  in  the  Army,  because 
I  consider  it  would  fail  in  its  object^  and  be,  in  the  end,  the  least  merciful  coarse  that 
could  be  pursued.  All  Officers  of  experience  agree  that  the  sentence  on  military 
offenders  should  be  short,  and  if  the  punishment  is  to  have  a  deterring  influence  on 
others,  or  on  the  individual  himself,  the  discipline,  during  periods  which  do  not  in 
general  exceed  six  months,  must  be  of  a  severe  character.  During  long  periods,  soma 
relaxation  in  favour  of  instruction  may  perhaps  safely  be  admitted,  and  at  all  times 
efforts  to  reform  must  be  made ;  but  I  am  satisfied  of  the  necessity  of  preserving  under 
all  circumstances,  the'  general  prestige  of  a  severe  punishment,  either  fty  th€  length  of 
the  period  of  confinement^  or  the  stringency  of  the  discipline. 

Under  a  system  calculated  to  inspire  a  certain  degree  of  dread  in  the  minds  of 
soldiers,  it  may  fairly  be  anticipated  that  many  would  be  deterred  from  committing  a 
crime,  the  detection  and  punishment  of  which  was  certain;  and,  during  short  periods, 
I  should  be  inclined  to  place  far  more  reliance  on  such  a  system  in  preventing  the 
repetition  of  crime  by  the  same  individual,  than  on  the  effect  of  the  better  feelings 
and  resolutions  which  might  result  from  a  system  in  which  persuasion  and  compulsory 
education  were  the  leading  fiBatores.  The  one  would  operate  widely  on  every  man  in 
the  Service ;  the  influence  of  the  other,  even  under  the  most  favourable  circumstances, 
would  be  confined  to  the  few  individuals  who  may  be  subject  to  imprisonment,  who^ 
during  an  entire  year,  including  recommittals,  do  not  exceed  5  per  cent. 

It  would  surely  be  considered  a  great  mistake  to  tamper  with  punishment,  if  it  be 
designed  to  have  any  effect  at  all  on  crime,  for  the  sake  of  the  possible  effects  of 
leniency  on  so  very  small  a  proportion. 

There  appears,  however,  to  be  a  tendency,  at  the  present  time,  to  take  a  very 
benevolent  view  both  of  crime  and  its  consequences,  and  to  hold  exemplary  punish- 
ments very  cheap.  Without  entering  into  the  various  opinions  that  may  prevail  on 
such  a  subject,  it  seems  reasonable  to  expect  that,  assuming  simple  imprisonment  as 
the  basis  of  discipline,  it  will  be  dreaded  in  proportion  to  the  penal  inflictions  which 
may  be  given  in  addition,  and  oease  to  be  so  as  they  give  plaoe  to  the  introduction  of 
employment  and  instruction. 

J.  JsBBy  Colonel,  Inspector-General  of  Military  Prisons^ 

SXPLANATIOH  OF  THI  PLATKS. 

Plate  I.  represents  the  ground-plan  of  a  Military  Prison  at  Gosport,  completed  and 
occupied  in  1850 ;  and  the  construction  may  be  considered  to  be  based  upon  the 
several  improvements  deemed  necessary  after  the  experience  of  the  previous  seven 
years,  as  regards  the  health  and  discipline,  the  punishment  of  those  convicted  of 
offences,  and  their  reform,  subject  to  military  imprisonment  from  one  to  six  months, 
or  in  some  cases  from  eighteen  months  to  two  years. 

The  main  building,  or  prison,  a,  b,  e,  d,  in.  Plate  I.,  of  which  an  elevation  is  given 
in  Plate  II.,  consists  of  three  stories  of  cells.  The  cells  are  of  nearly  uniform  siie, 
11'  X  7'  (see  also  Plate  III.),  and  connected  by  a  long  corridor  :  the  latter  is  lighted 
from  above  and  at  each  end« 

The  prison  is  warmed  and  ventilated  by  a  furnace  in  the  basement  story  and  a  shaft 
above,  as  explained  in  the  longitudinal  section  in  Plate  II.  Each  cell  has,  besides^ 
the  means  of  receiving  fresh  air  at  the  window. 

Connected  with  the  main  building,  and  in  rear  of  the  centre,  is  placed  the  chapel 
with  a  school-room  below. 

The  building  is  constructed  of  brick,  ornamented  with  stone  coping ;  jambe  and 
sills  of  windows  of  the  same  material    The  roof  k  skted. 
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The  cost  W&8  £26,785  6#.  8c2.,  being  about  £178  for  each  cell ;  and  the  priBon  la 
built  for  150  prisoners  upon  the  'separate  system.* 

The  offiees,  stores,  kitchens,  and  quarters  for  the  Governor  and  Warden^  are 
shown  in  Plate  I. 

Sheds  for  shot  exercise  and  other  punishments  for  the  three  classes  are  placed  in 
the  rear,  on  cast'iron  pillars,  with  corrugated  sheet-iron  roof.  See  section  to  Plate  II. 
--G.  Q.  L. 


PROJECTILES.* — Gunnery  has  been  defined  as  the  "art  of  using  fire-arms,*' 
and  in  order  to  understand  this  art  thoroughly  in  all  its  branches,  a  very  considerable 
acquaintance  with  mathematics,  natural  philosophy,  chemistry,  and  other  sciences  is 
required  ;  taking  the  term  known  in  a  more  restricted  sense,  it  may  be  said  to 
include  the  mechanical  principles  which  regulate  the  motions  of  projectiles  and  their 
application  to  the  actual  purposes  of  practice ;  the  remarks  given  in  this  short  paper 
will  merely  illustrate  this  latter  signification. 

Leonardo  da  Vinci,  who  was  bom  in  1452,  is  said  to  have  possessed  for  that  period 
a  very  considerable  amount  of  knowledge  relating  to  the  dynamical  laws  which  govern 
the  motions  of  projectiles ;  f  and  N.  Tartaglia  an  Italian  in  the  sixteenth  century, 
attempted  to  establish  gunnery  as  a  science  based  upon  certain  fixed  principles,  but 
nothing  definite  appears  to  have  been  determined  and  generally  received  until  the  time 
of  Ghklileo.  This  celebrated  philosopher  whose  ''Dialogues  on  Motion*'  were  printed 
in  1646,  investigated  the  theory  of  projectiles  and  concluded  that  a  ball  fired  from  a 
gun  would  in  its  flight  describe  a  parabolic  curve,  but  at  the  same  time  hinting  that 
in  consequence  of  the  resistance  of  the  air  it  might  under  certain  circumstances  deviate 
from  this  curve.  That  a  heavy  mass  of  iron  would  be  retarded  in  its  flight  by  the 
resistance  of  the  air  was  considered  highly  improbable,  notwithstanding  the  suggestion 
of  Galileo,  but  that  such  is  actually  the  case  was  proved  long  afterwards  by  Sir  L 
Newton,  who  in  his  "  Principia  "  gave  the  results  of  experiments  with  low  velocities^ 
and  deduced  from  them  a  law  that  this  resistance  increased  as  the  square  of  the 
velocity  of  the  projectile ;  he  moreover  supposed  that  the  resistance  with  high  velocities 
would  increase  more  rapidly. 

The  science  of  gunnery  may  be  said  to  date  frx>m  the  publication  of  Benjamin  Bobins's 
"  New  Principles  of  Gunnery**  in  1742  ;  this  distinguished  philosopher  carried  on  an 
extensive  series  of  experiments  with  properly  constructed  apparatus  invented  by 
himself,  and  from  them  he  clearly  demonstrated  that  the  resistance  of  the  atmosphere 
a£fected  the  motion  of  a  projectile  fired  from  a  gun  to  a  very  great  extent^  not  only 
decreasing  the  range  but  causing  lateral  deviation ;  he  also  treated  on  the  "  Form  of 
Gunpowder/*  and  a  number  of  other  practical  questions  relating  to  the  science  of 
gunnery.  This  work  of  Robins  was  translated  into  German  by  the  celebrated 
mathematician  Euler,  who  added  a  number  of  original  and  valuable  remarks^  and 
thus  brought  the  subject  more  generally  before  the  scientific  world.  The  experiment! 
of  Robins  were  afterwards  more  fully  carried  out  by  Dr.  Hutton  of  the  Royal  Militaiy 
Academy  at  Woolwich,  who  improved  the  apparatus  used  by  the  former,  and  after  a 
long  series  of  careful  experiments,  deduced  a  number  of  formulae,  from  which  some  of 
the  most  difficult  problems  in  guiinery  may  be  approximately  determined.  Since  Dr. 
Hutton*s  time  experiments  have  been  made  and  numerous  theories  connected  with  the 


*  By  IfRJor  Owon,  R. A.,  Professor  of  Artillery,  R.M.  Acadomy. 
t  See  **  Our  Engines  of  War,"  by  Captain  Jervis,  R.  A. 
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leienoe  of  gnimery  hATd  been  investigated  hj  many  eminent  men  ai  Poinini  Proborty 
Pidion,  Magnna,  Mordecai,  and  othera. 

It  ii  not  neoeaaary  to  enter  into  the  diffvent  tkeoriea  reapeeting  the  ''Forae  of 
Ghinpowder,"  bnt  it  will  be  sufficient  to  state  here,  that  when  the  charge  of  gnnpovder 
la  ignited  within  the  bore  of  a  gnn,  a  highly  elaatio  gaa  ia  anddenly  diaengaged,  the 
elasticity  beiog  inoreaaed  by  the  heat  evolved  in  the  ehemioal  action,  and  an  enormona 
force  is  thus  exerted  upon  the  projectilCi  canslng  it  to  leave  the  bore  with  a  very  great 
velocity  termed  its  "  Initial  Velocity." 

GnrEiLAL  Prinoiplxs  of  Motion. 
A  projectile  when  discharged  from  a  piece  of  ordnance  ia  asted  upon  by  tliree 
forces,  viz. : — 

1.  The  force  of  projection  from  the  charge  of  gunpowder. 

2.  The  force  of  gravity. 

8.  The  reaiatanoe  of  the  atmosphere. 

Let  us  examine  briefly  the  effect  of  each  of  these  forces  upon  a  shot  fired  horisontally 
from  a  gnn,  the  axis  of  which  is  represented  by  ii  ^|  fig.  1, 

Fig.  1. 


If  the  projectile  were  acted  npon  by  the  force  of  projection  alone,  which  ceases 
immediately  it  has  left  the  bore,  it  would,  by  the  first  law  of  motion,  prooeed  onwards 
in  the  direction  A  O  with  an  nniform  velocity,  and  would,  in  oonsequenoe,  pass  over 
equal  spaces  in  equal  times ;  let  us  suppose  it  to  pass  over  the  distance  ^  C  in  one 
second  of  time.  Should  the  shot  be  only  subject  to  the  action  of  gravity,  for  inatanoe 
if  it  be  allowed  merely  to  drop  from  B^  it  would  descend  in  the  vertical  direction  B  D, 
and  would  drop  through  a  diatanoe  B  D  equal  to  about  16  feet  in  one  aecund.  Since, 
however,  the  projectile  is  acted  upon  by  both  of  these  forces,  if  the  two  motions  be 
eompounded,  and  the  parallelogram  B  DEO  constructed,  it  will,  by  the  second  law 
of  motion,  have  arrived  at  the  point  B  in  one  second.  Also,  because  gravity  is  an 
accelerating  force,  and  the  spaces  through  which  a  body  under  its  influence  will  fUl  in 
successive  seconds  are  as  the  squares  of  the  times,  the  trajectory  or  path  of  the  shot 
will  pass  through  the  points  BFQ,  and  thus  describe  a  parabolic  curve  aa  ahown  ia 
the  figure.  The  propertiea  of  thia  curve  being  known,  the  trajectory,  time  of  flighty 
ftc,  of  any  projectile  could  be  readily  calculated  if  in  its  flight  the  shot  was  merely 
subject  to  the  two  above-named  forces. 

We  must  now  consider  the  third  force,  vis.  the  resistance  of  the  atmosphere,  which 
80  modifiea  the  curve  aa  to  render  the  parabolic  theory  inapplicable  for  the  purposes  of 
ealeulation  in  gunnery,  except  with  very  low  velocitiea  of  about  200  to  800  feet  per 
aecond,  when  it  would  give  tolerably  accurate  results,  at  least  with  large  projectllea  of 
great  density.  To  projectllea  moving  with  high  velodties,  there  is  a  very  consider- 
able resistance  from  the  atmosphere^  which  ia  generally  said  to  vary  aa  the  square 
of  the  velocity,  although  Bolnna  eonaidaied  that  when  the  velocity  exceeded  1100 
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or  1200  feet  a  lecond,  the  retisUnoe  vould  iiuitantly  be  nearly  trebled ;  these  ideas 
are,  hovrerer,  incorrect  (aee  Boxer,  Art.  234,  page  106).  From  Dr.  Hntton's 
experiments  it  appears  that  the  resistance  increases  gradually  np  to  about  1600 
feet  per  second  (with  the  two-inch  ball),  when  its  ratio  to  the  velocity  is  as  the 
2 158  power  of  the  latter,  but  that  when  the  velocity  exceeds  this,  the  ratio  again 
diminishes,  for  at  the  velocity  of  1600  feet,  it  is  as  the  2*152  power,  and  so  on  till  at 
the  velocity  of  2000  feet  it  is  only  as  the  2*186  power  (see  Table,  page  102.  Boxer). 
However,  in  certain  cases,  for  the  sake  of  simplicity,  the  resistance  of  the  atmosphere 
may  be  assumed  to  vary  as  the  square  of  the  velocity. 

Dr.  Hutton  in  his  thirty-seventh  Tract,  thus  explains  the  nature  of  this  resistance. 

''The  droumstanoe  of  the  variable  and  increasing  exponent  in  the  ratio  of  the 
resistance,  is  owing  chiefly  to  the  increasing  degree  of  vacuity  left  behind  the  ball,  in 
its  flight  through  the  air,  and  to  the  condensation  of  the  air  before  it.  It  is  well 
known,  that  air  can  only  rush  into  a  vacuum  with  a  certain  degree  of  velocity,  vis. 
about  1200  or  1400  feet  in  a  second  of  time;  therefore,  as  the  ball  moves  through  the 
air,  there  is  always  left  behind  a  kind  of  vacuum,  either  partial  or  complete  ;  that  as 
the  velocity  is  greater,  the  degree  of  vacuity  behind  goes  on  increasing,  till  at  length, 
when  the  ball  moves  as  rapidly  as  the  air  can  rush  in  and  follow  it,  the  vacuum 
behind  the  ball  is  complete,  and  so  continnes  complete  ever  after,  as  the  ball  continues 
to  move  with  all  greater  degrees  of  velocity.  Now  the  resistance,  which  the  ball 
suffers  in  its  flight,  is  of  a  triple  nature ;  one  part  of  it  being  in  consequence  of  the 
'  vis  inertia  *  of  the  particles  of  air,  which  the  ball  strikes  in  its  course ;  another  part 
arises  from  the  accumulation  of  the  elastic  air  before  the  ball,  and  the  third  part  from 
the  continued  pressure  of  the  air  on  the  fore  part  of  the  ball,  when  the  velocity  of  this 
is  such  as  to  leave  a  vacuum  behind  it  in  its  flight,  either  whoUy  or  in  part ;  for, 
while  the  ball  is  at  rest,  it  is  manifest  that  this  pressure  of  the  whole  atmosphere  is 
the  same  or  equal  on  all  sides  of  the  ball ;  but,  as  soon  as  the  ball  begins  to  move,  it 
is  also  manifest  that  the  pressure  behind  will  be  less  than  the  constant  degree  of 
pressure  in  front,  and  the  difference  must  be  the  greater  as  the  motion  of  the  ball  is 
the  more  rapid,  being,  in  fact,  proportional  nearly  as  the  velocity  of  the  ball  as 
compared  with  that  of  air  rushing  into  a  complete  vacuum,  that  is,  while  the  former  is 
not  greater  than  the  latter ;  for,  as  soon  as  the  motion  of  the  ball  becomes  equal  to  that 
of  the  air,  and  always  when  greater,  then  the  ball  has  to  sustain  the  whole  pressure  of 
the  atmosphere  on  its  fore  part,  without  having  any  aid  from  a  counter-pressure  behind. 

''Thus  then  we  see  that  the  resistance  against  the  ball  is  two-fold  (besides  that 
arising  from  the  unknown  degree  of  compression  before  the  ball),  the  one  arising  frx>m 
percussioD,  by  the  ball  striking  and  displacing  the  particles  of  air  in  its  path,  and 
which  increases  continually  in  the  duplicate  proportion  of  the  ball's  velocity  ;  and  the 
other  from  the  weight  of  the  atmosphere,  increasing  with  that  velocity,  to  which, 
being  of  the  nature  of  pressure,  it  is  proportional ;  but  arriving  at  its  maximum  when 
that  is  equal  to  or  exceeds  the  velocity  of  air  into  a  vacuum,  after  which  it  is  a 
constant  quantity  for  all  greater  degrees  of  velocity.  These  circumstances  then  very 
well  show  the  reason  why  the  experimental  resistance  proceeds  in  a  ratio  increasing 
gradually  more  and  more  above  the  square  of  the  velocity,  till  this  exceeds  1200  or 
1400  feet,  the  motion  of  air  into  a  vacuum,  and  then  rather  decreases  again.  So 
that  it  appears  that  the  whole  estimatable  resistance  consists  of  two  parts ;  of  which  the 
one  part  is  proportional  to  the  square  of  the  velocity,  and  the  other  is  simply  as  the 
velocity  only." 

Button's  formula  in  two  terms  for  this  resistance  is 

m  and  n  bebg  general  coefllcjents  determined  by  experiment. 
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In  order  to  ascertain  approzimatelj  the  effect  of  the  resistance  of  the  air  npon 
projectiles,  their  probable  tngectories,  the  relative  effects  prodaoed  by  different 
eharges  and  many  other  important  questions  in  gunnery,  it  is  necessary  to  determine 
as  accurately  as  possible  the  "  Initial  Velocities'*  of  projectiles.  For  this  purpose  the 
Ballistic  Pendulum  and  the  Gun  Pendulum  have  been  employed  until  within  the  last 
few  years,  during  which  an  Electro  Ballistic  Apparatus  has  been  inyented,  and  is  now 
▼ery  generally  used.  The  invention  of  the  Ballistic  Pendulum  by  Bobins  was  a  most 
important  diBcovery  enabling  him  to  make  reliable  experiments,  and  thus  establish  the 
theory  of  gunnery,  which  had  hitherto  depended  upon  no  acknowledged  principles  as  & 
science.  The  principle  of  this  instrument  may  be  thus  explained  : 
Ballistic  Pendu-  Balluiic  Pendulum, — If  a  shot  be  fired  from  a  gun  into  a  large  block  of  wood,  or 
^'"^  other  material,  placed  at  a  short  distance  from  the  piece,  and  suspended  so  that  it  can 

yibrate  freely ;  it  is  known  by  the  8rd  law  of  motion  (action  and  re-action)  that  the 
momentum  gained  by  the  latter  is  lost  by  the  ball ;  and  therefore  that  the 
momentum  of  the  ball  before  impact  is  equal  to  that  of  the  block  with  the  ball  in  it 
after  impact.  Now  if  the  velocity  of  the  block  with  the  ball  in  it  can  be  ascertained, 
the  weight  of  the  two  being  known,  their  momentum  after  impact  is  also  known,  and 
from  what  has  before  been  said,  this  momentum  is  equal  to  that  of  the  ball  before 
impact ;  the  velocity  of  the  ball  is  therefore  easily  found.  Thus 
If  10  =  weight  of  ball. 

V  =  velocity  of  ditto  before  impact. 
W  =  weight  of  block. 

y  =  velocity  of  block,  with  ball  after  impact. 
w.v=(W  +  tr)  V. 
(W  +  ir)  V 
w. 

Example. — ^If  a  32  lb.  shot  be  fired  into  a  block  weighing  8000  lbs.,  and  the  velocity 
after  impact  is  4  feet  per  second,  what  will  be  the  velocity  of  the  ball  before  striking  ! 
_  (8000  +  82)  4 
*  32 

=  1004  feet  per  second. 
The  ''  Initial  Velocity  "  of  the  block  can  be  ascertained  from  the  arc  of  vibration  ;  for 
the  velocity  lost  by  its  centre  of  oscillation  in  ascending  the  curve  is  the  same  as  that 
gained  in  descending,  which  latter  is  equal  to  the  velocity  it  would  acquire  in  falling 
through  the  same  vertical  distance ;  this  height  is  equal  to  the  versed  sine  of  the 
angle  of  semi-vibration  multiplied  by  the  distance  of  the  centre  of  oscillation  from  the 
axis  of  suspension. 

When  the  shot  strikes  the  centre  of  percussion  of  the  block,  the  velocity  of  the  ball 
may  be  computed  from  the  following  formula  : — 
Let  uf  =  weight  of  the  ball 

V  =  velocity  of    ditto. 

0  =  distance  of  the  centre  of  percussion  or  oscillation  from  the  axis  of  suspension, 

C  =  weight  of  the  pendulum. 

Q  =  distance  of  centre  of  gravity  from  the  axis  of  suspension,    j 

a  =  angle  of  semi-vibration. 

g  =  accelerating  effect  of  gravity. 

^   ^  .    ,    (0  q  +  tp  0)  V^ 

V  =  2  sm.  4  .a. ^^^ 

This  formula  wUl  be  sufficiently  accurate  for  short  distances,  but  should  the  block 
be  placed  at  a  considerable  distance  from  the  gun,  and  the  shot  strike  fiur  from  the 
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^ntre  of  percussion  another  formnlA  must  be  used  ;  this  Utter  formnla,  as  well  as 
that  for  finding  the  Telocity  lost  by  the  ball  before  reaching  the  block,  are  given  in 
Boxer's  Treatise  on  Artillery,*  where  will  also  be  found  a  fall  explanation  of  them. 
The  ballistic  pendulum  used  by  Robins  consisted  of  8  poles  or  legs  joined  at  the  top, 
but  spreading  out  at  the  bottom  so  as  to  form  a  frame  for  the  block ;  the  latter  was 
of  iron  covered  with  wood,  and  suspended  from  the  middle  of  a  horizontal  cross  piece 
fitting  into  sockets  attached  to  two  of  the  legs  near  their  tops,  and  in  such  a  manner 
that  the  block  could  vibrate  as  freely  as  possible.  In  order  to  ascertain  the  arc  of 
vibration,  after  the  block  had  been  struck  by  the  shot,  a  ribbon  was  attached  to  the 
lower  part  of  the  block,  and  passed  through  two  small  steel  edges  capable  of  being 
compressed  to  the  extent  required,  fixed  into  a  horizontal  brace  attached  to  the  two 
legs  below  the  block.  The  length  of  ribbon  drawn  out  by  the  block  thus  measured 
the  arc  of  vibration. 

Dr.  Hutton  made  several  improvements  in  Robins^s  x>endulum,  replacing  the  sockets 
by  others  of  superior  construction,  which  diminished  the  friction,  and  substituting  for 
the  ribbon  a  graduated  arc  having  a  groove  filled  with  soft  composition  of  wax  and  soap, 
so  that  a  stylctte  attached  to  the  block  traced  the  extent  of  the  arc  of  vibration  in  this 
composition.  The  Ballistic  Pendula  since  used  in  France  and  America  were  very 
great  improvements  on  that  of  Hutton,  but  a  description f  of  them  would  occupy 
too  much  space  for  a  short  article  ;  their  blocks  were  made  with  moveable  cores  filled 
with  clay  or  sand,  so  that  the  shot  would  remain  in  the  block,  and  not  be  liable  to 
rebound  on  striking,  but  could  be  removed  after  each  round.  In  order  that  the 
pendulum  should  not  be  a£fected  by  the  blast  from  the  discharge,  it  is  usually  placed 
at  a  distance  of  about  50  feet  from  the  muzzle  of  the  gun,  and  to  insure  this  more 
effectually,  a  wooden  screen  should  be  placed  a  few  feet  (about  17)  firom  the  gun, 
having  a  hole  12  inches  in  diameter  for  the  shot  to  pass  through, 
in  Pendulum.  ^^®  general  principle  upon  which  the  Initial  Velocity  of  a  shot  can  be  obtained  by 
means  of  the  Gun  Pendulum  is  as  follows.  When  a  shot  is  fired  from  a  gun  the  force 
exerted  by  the  ignited  powder  acting  in  one  direction  upon  the  shot  but  iif  the  opposite 
direction  upon  the  gun,  t  the  momentum  of  the  shot  will  be  equal  to  that  of  the  gun  ; 
if  therefore  by  suspending  the  piece  in  a  frame,  provided  with  a  graduated  arc,  in 
such  a  manner  that  it  can  vibrate  freely,  the  initial  velocity  of  recoil  of  the  gun  can 
be  observed  as  explained  with  the  block  of  the  ballistic  pendulum,  and  the  respective 
weights  of  the  gun  and  shot  being  known,  the  velocity  of  the  latter  can  be  readily 
ascertained. 

This  method  of  findmg  the  velocity  of  a  shot  is  not  however  strictly  correct,  and  the 
velocity  found  thus  would  be  too  high  for  the  following  reasons.  First,  the  motion  of 
the  powder  and  bag  in  the  direction  of  the  shot  must  be  considered ;  secondly,  a 
portion  of  gas  escaping  by  windage^  a  less  amount  of  force  will  act  upon  the  shot  than 
upon  the  gim  fr^m  this  cause ;  thirdly,  the  force  will  act  for  a  longer  time  upon  the 
gun  than  on  the  shot.  The  gun  will  therefore  have  a  greater  momentum  than  the 
shot ;  the  formula  to  be  employed  when  these  circumstances  are  taken  into  account  14 
given  in  Boxer's  Treatise  on  Artillery. 
liirling  With  low  velocities  (less  than  100  ft.  per  second)  the  shot  will  generally  rebound 

ichiae.  i^Q^  llig  block  of  the  Ballistic  Pendulum,  and  on  account  of  the  elasticity  of  the  shot 

and  block  the  results  would  be  very  inaccurate ;  in  order  to  ascertain  the  resistancQ 

•  Alao  in  ^'Hutton's  Tracts,"   "Report   of  Experimonts  on   Gunpowder,"   by  Captain 
Vordecai,  to. 

t  A  detailed  description  will  be  found  in  Boxer's  "Treatise  on  Artillery;"    Mordecai's 
''Report  of  Experiments  on  Gunpowder/'  60. 

The  elastic  gas  exerts  tyi  equal  pressure  in  every  direction. 
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ElMfaPO  BaUiflUo 
Appanttiu. 


to  balls  moTing  with  thete  W  Telocities  Bobins  inTented  an  ingenionB  initmmefit 
called  a  whirling  machine,  which  is  described  in  his  ''New  Principles  of  Qonnery,"  in 
Button's  Tracts,"  fcc. 

The  Eloctro-BalliBtic  Apparatns*  of  Naves  is  too  complicated  to  describe,  especially 
without  ihe  aid  of  accurate  drawings,  bnt  its  general  arrangement^  and  the  principle 
upon  which  the  Telocity  of  a  shot  can  be  obtained  by  it,  may  be  briefly  explained  as 
follows.  Two  screens  are  placed  in  front  of  the  gon,  one  within  a  few  feet,  and  the 
other  at  some  distance  from  the  first,  depending  upon  the  results  required ;  the  gun  is 
accurately  laid  so  that  the  shot  fired  from  it  may  pass  through  both  screens,  in  doing 
which  it  cuts  a  copper  wire  in  each.  The  apparatus  consisting  of  a  pendulum  with  a 
a  powerful  magnet,  a  galvanic  battery,  &c.,  is  placed  at  some  distance  from  the  gun 
so  as  not  to  be  affected  by  the  discharge,  and  it  is  connected  with  the  screens  by  means 
of  copper  wires.  When  the  wire  of  the  first  screen  is  cut,  the  pendulum  commences  to 
vibrate,  but  when  the  wire  in  the  second  is  cut,  an  index  hand  attached  to  the 
pendulum  is  suddenly  clamped,  and  thus  registers  the  length  of  the  arc  of  vibration^ 
which  shows  the  time  the  shot  takes  to  pass  from  one  screen  to  the  other  with  the  very 
greatest  accuracy.  This  instrument  has  many  advantages  over  the  Ballistio  Pendulum, 
it  is  not  so  cumbrous,  observations  can  be  made  with  greater  rapidity  and  accuracy,  it 
can  be  employed  at  high  angles  of  elevation,  or  where  it  is  required  to  ascertain  the 
velocity  of  a  shot  at  a  considerable  distance  from  the  gun,  ke. 

Dr.  Button  deduces  the  following  practical  conclusions  (in  his  87th  tract)  frx)m 
experiments  carried  on  by  himself  at  Woolwich  :^ 

1.  **It  appears  that  the  (initial)  velocity  of  a  ball  increases  with  the  increase  of 
charge  only  to  a  certain  point,  which  is  peculiar  to  each  gun,  when  it  is  greatest ;  and 
that,  by  further  increasing  the  charge,  the  velocity  gradually  diminishes  tUl  the  bore  is 
quite  full  of  powder.  That  this  charge  for  the  greatest  velocity  is  greater  as  the  gun 
is  longer,  but  yet  not  greater  in  so  high  a  proportion  as  the  length  of  the  gun  is ; 
BO  that  the  part  of  the  bore  fiUed  with  powder  bears  a  less  proportion  to  the  whole 
bore  iu  l:ng  guns,  than  it  does  in  shorter  ones ;  the  part  which  is  filled  being  indeed 
neaily  in  the  inverse  ratio  of  the  square  root  of  the  empty  part.*' 

2.  "It  appears  that  the  (initial)  velocity  with  equal  charges,  always  increases  aa 
the  gun  is  longer ;  though  the  increase  in  velocity  is  but  very  small  in  comparison  to 
the  increase  in  length,  the  velocities  being  in  a  ratio  somewhat  less  than  that  of  the 
square  roots  of  the  length  of  the  bore,  but  greater  than  that  of  the  cubic  roots  of  the 
same,  and  is,  indeed,  nearly  in  the  middle  ratio  between  the  two." 

8.  **  It  appears  from  the  Table  of  Ranges,  that  the  range  increases  in  a  much  lower 
ratio  than  the  velocity,  the  gun  and  elevation  being  the  same ;  and  when  this  is 
compared  with  the  proportion  of  the  velocity  and  length  of  gun,  in  the  last 
paragraph,  it  is  evident  that  we  gain  extremely  little  in  the  range  by  a  great  increase 
in  the  length  of  the  gun,  with  the  same  charge  of  powder.  In  fkct»  the  range  is 
nearly  as  the  fifth  root  of  the  length  of  the  bore,  which  is  so  small  an  increase,  as  to 
amount  only  to  about  one-seventh  part  more  range  for  a  double  length  of  gun.  From 
the  same  Table,  it  also  appears,  that  the  time  of  the  ball's  flight  is  nearly  as  the  ranges 
the  gun  and  elevation  being  the  same.'* 

4.  '*It  has  been  found  by  these  experiments,  that  no  difference  is  caused  in  the 
velocity  or  range  by  varying  the  weight  of  the  gun,  nor  by  the  use  of  wads,  nor  by 
different  degrees  of  rammmg,  nor  by  firing  the  charge  of  powder  in  different  parts  of 


*  The  idea  of  determining  the  velodtiet  of  pr^Jeotiles  by  means  of  dsotrieity  was  fint 
suggested  many  years  ago  by  Profemor  Wheatstone,  who  invented  an  instnisMAt  sailed  the 
elsctro-magnetic-chronoflcopo  for  this  purpose.  , 


1. 
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it ;  bat  that  a  very  great  difference  in  the  reloeity  arises  from  a  small  difference  in  the 
windage." 

The  velocities  generated  by  tho  action  of  different  charges  of  powder  in  the  same  gun 
upon  balls  of  equal  densities,  are  nearly  as  the  square  roots  of  these  charges  ;  or 

The  velocities  generated  by  the  same  charge  of  powder  from  the  same  gun  upon 
balls  of  different  densities,  will  be  inversely  as  the  square  roots  of  the  weights ;  or 

(The  telocities  generated  by  different  charges  of  powder  upon  balls  of  different 
densities,  will  be  nearly  in  the  ratio  of  the  square  roots  of  the  charges,  divided  by  the 
square  roots  of  the  weights  of  the  balls  (Boxer,  pp.  50,  51) ;  or 


V 

In  the  above 


''■Ji    Ji^ 


V  and  1/  being  the  initial  velocities, 
c  »  charge  with  v, 
c'  =        do.        v', 
w  «  weight  of  ball  with  «, 
!»'=»        do.        do.        V,* 
The  empirical  formula  generally  used  in  our  service  for  ascertaining  the  initial 
velocity  of  a  projectile,  is  as  follows : — 

r-i6ooy^, (1). 

when  V  =  initial  velocity, 

a  «  a  coefiBcient-,  the  value  of  which  depends  upon  windage, 
c  —  the  charge  (in  lbs.), 
w  as  the  weight  of  ball  (in  lbs.). 
The  values  of  a  found  by  experiment  are, 

for  windage  of '283 3*2 

,,  *2  .         •        •         .     3*4 

„  -176 36 

„  '125 4*4 

„  "09 5- 

Should  there  be  no  windage,  a  would  equal  6*66. 
1  and  rpiie  elastic  gas  generated  by  the  ignition  of  gunpowder,  exerts  an  equal  pressure  in 

every  direction ;  consequently,  when  a  gun  is  discharged,  a  force  is  impressed  upon 
the  bottom  of  the  bore  of  the  gun  in  the  direction  of  the  axis  equal  in  amount,*  to  that 
irhich  acts  upon  the  projectile.  The  momentum  of  the  gun  and  carriage,  is  therefore 
equal  to  that  of  the  projectile,  both  being  acted  upon  by  equal  forces,  and  the  velocity 
of  recoil  of  the  former  may  be  found  as  follows : — 

If  (?   =■  weight  of  gun, 
0  <»     do.        carriage, 
10   ss     do.        shot, 

V  a  initial  velocity  of  shot, 

V  »        do.  gun  and  carriage, 

IT© 

V  may  be  determined  from  the  formula  for  finding  the  initial  velocity  of  shot. 

— ^— — ■ — -.— .1— .— ..— ^— ^— ^>^^— ^■^— ■^^— ^— ^^— ^.^^.^^»__.— ■»— ^.— »j»-.^— ^«— — .^^-.j^.»-«j»j^^j»  u 

*  Not  strictly  correct,  m  explained  when  describing  the  principle  of  the  gun  pendulum. 


160  PROJECTILES. 

Or  Bhonld  the  Telocity  of  reooil  of  the  gun  alone  be  required ; 
If  F'=  initial  Telocity  of  recoil  of  gun. 

7'-^ (3). 

G  ^ 

The  aboTO  simple  formula  are  of  great  practical  utility  in  comparing  the  Telocities 
obtained  from  ordnance  with  different  charges  and  projectiles,  the  destmctiTe  effects 
exerted  npon  the  carriages,  &c. 

If  two  gnns  haTe  bores  of  the  same  calibre,  but  the  weight  of  one  gun  is  double  that 

of  the  other,  their  respectiTCTelocities  of  recoil,  and  also  the  strams  exerted  upon  their 

carriages,  when  fired  with  equal  charges  and  similar  projectiles,  will  be  iuTersely  as 

their  weights. 

If  «  «  Telocity  of  shot, 

V)  —  weight  of  do. . 

W  =  weight  of  the  Ist  gun, 

Tr=  do.  2nd  „ 

V  =  Telocity  of  the  1st  „ 

F=  do.  2nd  „ 

The  momentum  of  each  gun  will  be  equal  to  vw, 

vw 


but  F-= 


W 


vw 
and  ^=^.> 

or  the  Telocities  of  recoil  are  iuTcrsely  as  the  weights. 

The  work  done  by  the  guns  in  their  recoil,  and  consequently  the  strains  upon  the 
carriages  will  be,  as 

or,  by  substituting  the  Talues  of  V  and  P,  as 

t^to*    r-w* 
"^  -If'' 

or  the  strains  are  inversely  as  the  weights. 

In  Sir  H.  Douglas*  KaTal  Gunnery,  it  is  stated,  ''That  by  increasing  the  charge 
beyond  one-third  of  the  weight  of  the  ball,  the  recoil  is  increased  in  a  much  higher 
ratio  than  the  initial  Telocity  of  the  ball.  It  may  be  added,  that  for  every  purpose  on 
serrioe,  CTcn  for  that  of  breaching,  the  advantage  gained  by  using  a  charge  greater 
tban  one-third  of  the  weight  of  the  shot  is  unimportant,  and  does  not  compensate  for 
the  inoonvenient  recoil,  or  the  destructive  strain  on  the  gun  and  carriage." 

The  aboTe  refers  to  smooth -bored  ordnance,  for  with  rifled  cannon  the  charges  are 
much  less,  usually  one-sixth  or  one-eighth  of  the  weight  of  the  projectile  ;  it  must» 
howoTer,  be  remembered,  that  these  small  charges  haTe  a  much  greater  proportional 
effect)  from  the  fact  of  there  being  little  or  no  windage  in  a  rifled  cannon,  and  from  the 
comparatiTely  great  weight  of  the  projectiles  (elongated)  used  with  them. 
ft^S^SSon.'^  The  "resistance"  which  a  projectile  meets  with  in  moving  through  the  atmosphere 
depends  chiefly  upon  its  Telocity,  the  magnitude  of  the  surface  it  presents  to  the 
resistance,  and  its  peculiar  form.*  In  the  case  of  ordinary  spherical  projectiles, 
supposing  the  resistance  to  Tary  as  the  square  of  the  diameter,  i{  d  =  the  diameter  of 
a  ball,  and  v  =  its  Telocity,  the  resistance  opposed  to  its  motion  will  be  as 

The  Telocity  it  loses  in  consequence  of  this  resistance,  or  its  ''retardation/*  will, 

*  This  suliject  is  treated  in  a  more  general  manner  in  Boxer's  Treatise^  p  107» 
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howeyer,  depend  also  upon  its  weighty  being  in  fact  inversely  as  the  weigbti  and  the 
weight  is  proportional  to  the  cube  of  the  diameter,  so  that  the  retardation  of  the  ball 
will  be  as 

"ST- 

If  two  ahot  of  different  diameters  are  fired  under  similar  circnmstances,  that  is, 
supposing  the  angles  of  eleyatlon  of  the  guns  from  which  they  are  respectively  fired 
are  the  same,  the  initial  velocities  equal,  and  the  densities  of  the  shot  alike  (for 
instance,  should  they  be  two  cast-iron  solid  shots),  it  appears  from  what  has  just  been 
■aid,  that  the  shot  of  the  largest  diameter  will  range  to  a  greater  distance  than  the 
other,  the  resistance  to  each  being  as  eP,  whereas  the  retardation  is  inversely  as  cP ; 
eonsequently,  for  equal  ranges,  the  elevation  of  the  piece  from  which  the  larger  shot 
ii  fired  may  be  reduced,  and  the  chance  of  its  striking  the  object  fired  at  will  therefore 
be  greater  than  that  of  the  smaller  ball,  the  trajectory  of  the  latter  being  more  curved. 

If  a  shell  and  solid  shot  of  equal  diameters,  but  the  densities  of  which  are  of  oourse 
different,  be  fired  consecutively  from  a  gun,  at  the  same  elevation,  and  with  equal 
charges,  their  initial  velocities  will  be  inversely  as  the  square  roots  of  their  respective 
weights,  the  velocity  of  the  shell  being  therefore  the  greatest ;  the  shell  will,  however, 
in  conseqaence  of  its  inferior  weight,  be  more  retarded  by  the  resistance  of  tho 
atmosphere  than  the  shot,  so  that,  although  at  short  langes,  when  firing  shell,  the 
elevation  of  the  gun  would  be  rather  less  than  when  firing  solid  shot,  still  at  long 
ranges  the  elevation  would  be  about  the  same,  whether  shot  or  shell  were  fired,  or 
would  be  even  lees  for  the  shot.  For  instance,  it  was  found  by  actual  practice,  in  tho 
Woolwich  marshes,  that  at  a  range  of  1400  yards,  the  S2-pr.  gun  of  56  cwt  required 
about  the  same  elevation  whether  shot  or  shell  were  fired,  but  at  1000  yards  the  shell 
required  about  one  fourth  less  than  the  shot.*  In  the  Tables  of  Banges  given  in  the 
Hand-Book  for  Field  Service,  the  ranges  of  the  shell  for  the  same  gun  are  greater  than 
those  of  the  shot  up  to  5^  of  elevation,  when  they  are  both  equal,  viz.  1910  yards, 
after  which  the  ranges  of  the  shot  exceed  slightly  those  of  the  shell. 

If  balls  of  equal  diameters  but  of  different  weights  or  densities,  as  solid  shot  and 
shell,  are  fired  from  the  same  gun  with  charges  bearing  the  same  proportion  to  their 
respective  weights,  their  initial  velocities  will  be  equal,  t  as  will  appear  from  the 
formula  for  initial  velocity.  The  ranges  at ''  point  blank  '*  or  small  elevations  will  not 
difbr  to  any  great  extent,  but  at  angles  of  elevation  giving  long  ranges,  the  times  of 
flight  for  which  will  be  considerable,  the  retardation  of  the  denser  ball  will  be  much 
less  than  that  of  the  lighter,  and  consequently  it  will  range  to  a  greater  distance. 

In  order  to  show  clearly  the  extent  to  which  the  range  of  an  ordinary  projectile  is 
decreased  by  the  resistance  it  meets  with  from  the  atmosphere,  the  following  example 
is  given. 

Example, — If  a  solid  shot  were  fired  in  vacuo  from  a  32-pr.  gun  of  56  cwt.  at  2*  of 
elevation,  and  with  the  service  charge,  to  what  distance  would  it  range ! 

From  the  formula  at  page  158,  we  find  the  initial  velocity  of  the  shot  to  be  1600 
feet  per  second. 

The  equation  for  the  range  being 

_     2  F*  sin  a  cos  a 

and  as  2  sin  a  cos  a  =  sin  2a, 


*  The  service  charge  of  10  Iba.  used  with  both  shot  uiid  shell, 

t  Any  difference  would  arise  fh)m  tho  charges  not  being  or  etiual  length. 
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•'3S2aft.orIS10;i1i. 
In  llie  air  tlie  range  would  lie  about  IIOQ  judi,  or  leu  thaa  tm-tbiids  ot  the 
RUige  in  vacno. 
Finnl  or  nmaln-      Theso  two  totma  ue  ileGaed  bdov,  bat  it  would  occupy  too  macb  lEeea  to  so  into 
lug  *Tid  termiiul  ^ 

idocltjr.  Itio  forniul&  connected  vitb  them,  wbioh  maj  bowerer 

be  found  if  teqnired  in  Bozsr'i  TrMtls^  Bntton's 
TmclB,  to. 

Tbc  final  or  renukiiung  velodt;  of  a  projeotUs  ii  its 
Tclocitf  ftt  the  end  of  noj  giveu  nnge. 

If  a  body  be  aUowed  to  fiitl  in  the  atmoiphera,  there 
Is  a  cerlaiu  limit  to  the  relocit;  it  vill  acquire,  and 
tliie  vill  be  attained  when  the  reaiataiiee  of  the  aii  baa 
become  equal  to  the  accelanling  force  of  eraTit; ;  the 
motion  of  the  bod;  will  then  be  uniform,  and  is  called 
its  Terminal  Telocitj. 

[Am  the  BDbiject  of  Pekitkitioh  ii  treated  in  a  Kp«- 
rate  artJcle,  it  ii  here  omitted.] 


pnJaetUH  Ktrna  i 


d) 


Very  great  imgolaritiea  occur  in  tb«  pathi  deacribed 
by  priijectjlea  fited  from  nnooth-bored  ordnance.  It  is 
a  fact,  well  known  to  all  pnotical  artilleriite,  that  if  a 
nambeT  of  aolid  ahot  (or  any  other  projectilca)  be  fired 
from  the  nnw  gim,  with  equal  diarge*  and  elerationa, 
and  with  gnnpowder  of  the  lame  quality,  tiie  gun  car- 
riage resting  on  a  plaUbrm,  and  the  pieoe  being  lidd 
with  the  greatett  cai«  before  each  round,  xeiy  few  of 
the  shot  will  range  to  the  aame  dtatanee ;  and,  tnore- 
oTer,  the  greater  part  will  be  found  to  deflect  conuder- 
ably  (unlefis  the  range  be  very  abort)  to  the  right  or  left 
of  the  line  in  which  the  gnu  ia  pointed. 

The  prindpal  caa«ea  for  tbeie  deviationa  are," 

1.  Windage  ; 

2.  The  ioperfeet  tbna  and  roughnen  of  nufacc  of 
■hot; 

3.  Eccentricity  of  projectile  arielng  from  a  want  of 
bomogeneity. 

Windage  causes  irregularity  in  tbe  flight  of  a  pro- 
jectile from  tbe  fact  of  the  elaatjc  gaa  acting  in  the  first 
instance  on  the  upper  portion  of  the  projectile,  and 
dririig  it  against  tlie  bottom  of  tbe  bore  ;  the  shot 
re-acts  at  the  same  lime  that  it  ia  impelled  forwarda  by 
the  charge,  and  ttiikcs  the  upper  surface  of  the  bore 
Eome  distance  dawn,  and  so  on,  by  a  nieceaioa  of  re- 
bunnde,  until  it  leaves  the  bore  in  an  accidental  direc- 


Wiud  nffect*  pmjcclite*  (rem  rifled  bccc*.  and  Is  not  therefore 
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tioo,  and  with  a  rotatory  motion,  depending  chiefly  on  the  position  of  the  last  impact 
against  the  bore. 

Thus,  should  the  hist  impact  of  a  (concentric)  shot  when  fired  from  a  gun  be  upon 
the  right-hand  side  of  the  bore,  as  represented  in  fig.  2,  the  shot  will  have  a  tendency 
to  deflect  to  the  left  in  the  direction  b,  while  at  the  same  time  a  rotation  will  be  given 
to  it  in  the  direction  indicated  by  the  arrows. 

Shot  cannot  be  cast  with  perfectly  smooth  surfaces  ;  consequently,  a  certain  amount 
of  friction  is  said  to  arise  between  these  sui-faces  and  the  atmosphere.* 

It  was  asserted  by  Robins,  **  That  almost  all  bullets  receive  a  whirling  motion  by 
rubbing  against  the  sides  of  the  pieces  they  are  discharged  from  ;  and  that  this  whirl- 
ing motion  of  the  bullet  occasions  it  to  strike  the  air  oblique  to  the  track  of  the 
bullet,  and  consequently  perpetually  deflects  it  from  its  course."  The  manner  in 
which  the  ball  is  deflected,  according  to  Robins,  may  be  thus  explained. — As  the  air 
in  front  of  the  ball  will  in  the  above  case  be  greatly  condensed,  while  almost  a 
vacuum  will  be  formed  behind  the  ball,  a  great  resistance  will  be  o£fered  by  the  fric- 
tion of  the  air  in  front,  which  will  not  be  counterbalanced  by  a  corresponding  resist- 
ance behind,  and  therefore  the  ball  will  have  a  tendency  to  deflect  in  the  opposite 
direction  to  that  given  by  striking  the  right  side  of  the  bore.  This  is  shown  in 
fig.  3,  the  dotted  arrow  representbg  the  resistance  caused  by  the  friction  of  the  air  to 

Fig.  3. 


Fig.  4. 


the  rotation,  and  which,  not  being  balanced  by  a  corresponding  resistance  to  the 
opposite  hemisphere,  will  cause  the  ball  to  deflect  in  the  direction  d. 

Professor  Magnus,  of  Berlin,  made  a  number  of  careful  experiments  some  few  years 
ago,  to  ascertain  the  causes  for  the  deviations  of  projectiles,  and  as  they  appear  to 
afford  the  most  probable  explanations  for  the  different  results  observed  in  practice,  it  is 
eonsidered  necessary  to  give  some  account  of  them  here ;  those  relating  to  spherical 
projectiles  only  will  be  described  at  present. 

The  first  object  was  to  determine  the  relative 
amount  of  atmospheric  pressure  exerted  on  dif- 
ferent parts  of  the  projectile,  when  the  latter  has 
imparted  to  it  a  motion  of  translation  as  well  as 
a  motion  of  rotation.  It  was  assumed  that  the 
relative  pressures  upon  the  projectile  are  the 
same,  whether  it  is  made  to  move  with  a  certain 
velocity  through  the  air,  or  whether  a  current 
of  air  is  impelled  with  the  same  velocity  against 
the  projectile. 

Observations  being  more  easily  made  on  a 
cylinder  than  on  a  sphere,  a  brass  cylinder  (see 
fig.  4)  about  1  i  inch  in  diameter  and  i  inches  high  was  used  to  represent  the  pro* 
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•  Tho  groater  part  of  the  following  remarks  are  extracte.l  from  some  printed  lectures  pre- 
pared by  Major  Owen,  R.  A.,  for  tho  R.  M.  Academy. 
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jectile,  and  it  was  arranged  so  that  it  could  be  made  to  rotate  rapidly  on  a  concentric 
or  eccentric  vertical  axis.  The  current  of  air  was  produced  by  means  of  a  rotating 
fan,  the  direction  in  which  it  was  driycn  being  perpendicular  to  the  axis  of  the  cylinder ; 
the  nozzle  A  B  which  delivered  the  stream  was  five  inches  wide,  so  that  the  cylinder 
might  be  within  the  current  whatever  the  position  uf  its  axis ;  the  depth  of  the 
nozzle  was  three-quarters  of  an  inch.  Two  light  moveable  vanes  {DD)  were  placed 
on  each  side  of  the  cylinder,  so  that  their  pivots  were  equidistant  from  the  month  of 
the  blower  and  from  a  vertical  plane  passing  through  the  centre  of  the  current  aad  the 
axis  of  the  cylinder. 

If  the  cylinder  is  at  rest  and  the  current  of  air  impelled  against  it,  the  pressures 
will  manifestly  be  equal  on  both  sides  of  the  axiF,  and  the  vanes  are  found  to  place 
themselves  parallel  with  the  current.  But  when  the  cylinder  is  made  to  rotate  from 
left  to  right,  as  indicated  by  the  arrow  in  the  circumference  of  C7,  fig.  4,  the  portion  of 
air  in  contact  with  it  (dotted  arrows  round,  see  fig.  4)  is  also  made  to  rotate  in  the 
same  direction.  The  cylinder  being  made  to  rotate,  and  the  blower  being  also  applied, 
it  is  found  that  the  vane  on  the  left  side  of  the  cylinder,  when  the  current  of  air  from 
the  blower  and  the  rotating  current  follow  the  same  direction,  approaches  the  cylinder, 
but  the  vane  on  the  other  side  where  the  two  currents  move  in  opposite  directions  is 
found  to  recede  from  the  cylinder.  It  would  appear  from  this  that  on  the  left  side 
there  is  a  diminished  pressure,  and  on  the  right  side  an  increased  one,  compared  with 
the  pressures  on  the  cylinder  when  at  rest.  In  order  to  obtain  the  most  distinct 
effects,  the  velocity  of  the  air  produced  by  rotation  must  be  nearly  as  high  as  that  of 
the  current  of  air  from  the  blower. 

It  was  shown  by  M.  F.  Savart  that  if  two  jets  of  liquid,  flowing  with  the  same 
velocity  from  circular  orifices  of  the  same  diameter,  meet  each  other,  when  their  axes 
arc  in  the  same  straight  line,  the  two  together  move  laterally  and  in  a  plane  perpen- 
dicular to  the  jets.  This  may  be  illustrated  in  the  case  of  gases  by  the  ordinary  fish- 
tail burner,  the  flame  from  which  is  in  a  plane  at  right  angles  to  that  passing  through 

the  two  perforations  firom  which  the  flame  issues  ;  thus  in 

fig.  5f  AB  represents  the  plane  of  the  flame,  and  ah  that 

I  passing  through  the  perforations.     Also  in  the  experiment 

with  the  cylinder,  on  the  right  side  where  the  current  of  air 

from  the  blower  moves  in  an  opposite  direction  to  the  air 

rotating  with  the  projectile,  when  they  thus  meet  they  move 

laterally,  an  increased  pressure  being  therefore  exerted  on 

\l  the  vane  forcing  it  outwards,  and  on  the  cylinder ;  whereas 

on  the  opposite  side,  in  consequence  of  the  two  currenta  of 

air  moving  together,  the  pressure  is  decreased,  and  the  vane  approaches  the  cylinder. 

In  order  to  prove  that  the  diflerence  of  pressure  upon  the  opposite  hemispheres  of 
the  ball  is  sufficient  to  cause  it  to  deviate.  Professor  Magnus  devised  the  following 
experiment  : — ^*  A  light  beam  of  wood,  about  four  feet  in  length,  is  suspended  from 
its  centre  by  a  thin  wire,  so  as  to  form  a  sort  of  torsion  balance  ;  from  one  end  of  this 
beam  a  brass  rod^descends  carrying  a  brass  ring,  within  which  a  light  brass  cylinder 
(bimilar  to  that  described  above),  turns  very  freely  on  an  axis,  in  the  same  manner  as 
a  common  terrestrial  globe  turns  within  its  brazen  meridian.  At  the  other  end  of  the 
beam  a  counterpoise  is  adjusted.  The  blower  before  cited  is  placed  below  the  beam, 
60  that  it  may  be  made  to  turn  horizontally  about  a  point  nearly  coincident  with  the 
prolongation  of  the  suspending  wire,  while  the  mouth  is  about  two  inches  from  the 
cylinder.  The  plane  of  the  ring  being  made  perpendicular  to  the  direction  of  the 
blast,  the  cylinder  is  now  made  to  rotate  rapidly  from  right  to  left,  or  vice  vertd,  by 
means  of  a  thread  wound  round  its  axis,  in  the  same  manner  as  a  humming  top  is 
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span.  While  this  is  in  a  state  of  rotation  the  blower  is  put  into  action.  The  beam 
then  with  the  cylinder  reTolres,  and  may  be  made  to  describe  a  large  portion  of  a 
circle,  the  direction  of  its  orbit  depending  on  the  direction  which  is  given  to  the 
rotation  of  the  cylinder  on  its  axis."* 

Let  these  principles  be  applied  to  the  case  of  ordinary  spherical  projectiles  fired 
from  guns.  If  a  ball  leaves  the  bore  rotating  on  a  vertical  axis,  the  fore  part  of  the 
ball  moving  from  left  to  right,  supposing  the  observer  to  be  behind  the  piece,  it  follows 
from  what  has  been  previously  said  that  there  will  be  a  diminished  pressure  on  the 
right  side,  and  an  increased  one  on  the  left  side  of  the  ball,  which  will  therefore 
deviate  to  the  right :  this  is  shown  in  fig.  6,  in  which  A  B  represents  the  direction  in 
which  the  ball  is  impelled,  cd  that  of  the  deviation,  and  the  small  arrows  outside  the 

Fig.  6. 


ball,  the  directions  of  the  two  currents  of  air  on  both  sides.  In  like  manner,  if  the 
fore  part  of  the  ball  turns  from  above  downwards,  the  increased  pressure  will  be 
above  and  the  decreased  below,  and  the  range  would  therefore  be  diminished.  In  one 
case  alone  will  there  be  no  deviation  from  the  causes  described,  and  that  is  when  the 
axis  of  rotation  of  the  ball  is  tangential  to  its  trajectoiy. 

It  has  been  already  explained,  that  the  velocity  of  the  air  rotating  with  the  ball 
must  be  nearly  as  high  as  that  of  the  opposing  current,  in  order  that  the  pressure  on 
one  hemisphere  caused  by  the  meeting  of  the  two  may  have  sufficient  power  to  produce 
very  evident  deviations  ;  this  will  in  some  measure  explain  the  fact,  that  the  lateral 
deviation  is  found  in  practice  to  increase  in  a  higher  ratio  than  the  distance,  for  the 
velocity  of  translation  decreases  most  probably  more  rapidly  than  that  of  rotation,  and 
therefore  the  velocities  of  the  two  separate  currents  will  become  more  nearly  equal,  t 

From  the  above  explanations,  either  of  Robins  or  Magnus,  it  appears  that  a  ball 
leaving  the  bore  of  a  gun  rotating  on  any  axis,  but  on  one  parallel  to  the  axis  of  the 
bore,  will  deviate  according  to  the  direction  of  the  rotation ;  and  they  will  account  for 
the  results  of  experiments  with  eccentric  projectiles.  Should  the  centi-e  of  gravity  of 
a  shot  not  coincide  with  the  centre  of  the  figure,  the  shot  is  termed  eccentric,  and  is 
found  to  deviate  according  to  the  position  of  the  centre  of  gravity  when  the  ball  is 
placed  in  the  bore  of  the  gun.  Should  the  line  joining  the  centre  of  gravity  and  the 
centre  of  the  figure  of  a  projectile  be  not  parallel  to  the  axis  of  the  bore,  the  charge  of 
powder  will  act  upon  a  larger  surface  on  one  side  of  the  centre  of  gravity  than  on  the 
other,  so  that  there  will  be  a  rotation  from  the  lightest  to  the  heaviest  side.  If  fig.  7 
represents  an  eccentric  shot,  the  centre  of  gravity  ((?)  of  which  is  below  its  centre  of 
figure  F^  the  powder,  acting  on  a  larger  surface  above  Q  than  below,  will  give  it  a 
rotation  as  indicated  by  the  arrows,  and  from  what  has  been  previously  said,  its 
deviation  will  be  to  the  side  upon  which  the  centre  of  gravity  lies.     This  is  the  case 
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t  It  appears  that  if  a  shot  rotatoa  on  any  axis  when  leaving  the  bore  of  a  gim,  it  will  deflect 
in  the  same  direction,  according  either  to  Robina  or  Magnua. 
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in  practice,  for  it  is  found  by  experiment  that  if  a  shot  be  placed  in  a  gun,  so  that  ita 
centre  of  gravity  is  to  the  right  of  the  Tertical  pkne,  passing  through  the  axis  of  the 
borC|  the  shot  will  deviate  towards  the  right,  and  vice  vend ;  also  if  the  centre  of 

Pig.  7.  Fig.  8. 

Eccentric  shot. 


gravity  be  upwards  the  range  will  be  increased,  and  if  downwards  diminished.  Figs. 
7  and  8  will  illustrate  these  remarks. 

It  is  found  in  practice  that  shot  deviate  in  a  curved  line,  either  right  or  left,  the 
curve  rapidly  increasing  towards  the  end  of  the  range.  This  most  probably  occurs 
from  the  velocity  of  rotation  decreasing  but  slightly,  compared  to  the  velocity  of  trans* 
lation  of  the  shot  as  before  explained  ;  or,  if  a  strong  wind  is  blowing  steadily  across 
the  range  during  the  whole  time  of  flight,  this  deflecting  cause  being  therefore  con- 
stant, while  the  velocity  of  the  shot  diminishes,  the  curve  will  manifestly  increase  with 
the  range.  The  trajectory  is  therefore  a  curve  of  double  curvature,  its  projection  on 
either  a  horizontal  or  vertical  plane  being  a  curved  line. 

By  a  successful  introduction  of  the  rifle  system  in  the  construction  of  ordnance  and 
prujectiles,  the  chief  causes  of  deviation  are  very  greatly  diminished.  The  object  of 
rifling  the  bore  of  a  piece  of  ordnance  (or  of  a  musket  barrel),  is  to  give  the  projectile 
a  rotary  motion  on  an  axis  parallel  to  that  of  the  bore,  or  coincident  with  the  "line 
of  fire."  By  giving  this  rotation  to  the  shot,  the  friction  or  the  pressure  of  the  air 
will  be  equally  distributed  round  it,  thus  obviating  the  chief  cause  of  deflection,  and 
securing  greatly  increased  accuracy. 

In  order  to  give  the  required  rotation,  two  or  more  grooves  are  cut  spirally  down 
the  length  of  the  bore,  and  the  projectile  must  have  projections  on  its  surfi&ce  to  fit 
into  those  grooves,  as  in  the  Cavalli,  Warhendorff,  and  French  rifled  cannon,  or  else  a 
portion  or  all  of  it  must  be  composed  of  soft  material,  so  that  this  latter  may,  by  the 
force  of  explosion,  be  expanded  as  in  the  Mini6  rifle,  or  compressed,  us  in  the  Arm- 
strong  gun,  into  the  grooves,  the  projectile  being  therefore  constrained  to  follow  their 
direction  while  passing  through  the  bore.  There  are  other  plans  of  effecting  this,  as 
the  Lancaster,  Whitworth,  &c.,  but  they  will  be  found  on  examination  to  be  modifica- 
tions of  one  or  other  of  the  above  three. 

The  three  most  important  considerations  in  the  application  of  the  *' rifle  principle" 
to  fire-arms  are — 

1 .  The  form  and  diameter  of  projectile. 

2.  The  inclination  of  the  grooves. 

3.  The  charge  of  powder. 

The  rifled  muskets  first  introduced  which  had  two  grooves  Were  £red  with  a  beltecl 
spherical  ball,  but  the  advantages  of  elongated  projectiles  over  spherical  bullets  became 
no  manifest  that  the  latter  are  no  longer  used  with  rifled  pieces.  Elongated  projectiles 
cannot  be  used  with  smooth-bored  pieces,  for  after  ranging  to  a  short  distance,  fi'om 
their  tendency  to  rotate  round  their  shorter  axes, Hhey  turn  over  in  their  flight,  and 
are  therefore  useless.    The  rotation  given  to  an  elongated  projeotile,  round  its  longer 
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axis,  in  passing  through  the  bore  of  a  rifled  piece,  ensures  its  proceeding  in  the  desired 
direction  with  but  little  demtion. 

In  1747,  Eobins  suggested  an  elongated  bullet  of  an  egg-like  form  : — "  For,"  he 
says,  **  if  such  a  bullet  hath  its  shorter  axis  made  to  fit  the  piece,  and  it  be  placed  in 
the  barrel,  with  its  smaller  end  downwards,  then  it  will  acquire,  by  the  rifles,  a 
rotation  round  its  longer  axis  ;  and  its  centre  of  gravity  lying  nearer  to  its  fore  part 
than  its  hinder  part,  its  longer  axis  will  be  constantly  forced  by  the  resistance  of  the 
air  into  the  line  of  its  flight ;  as  we  see,  that  by  the  same  means,  arrows  constantly 
lie  in  the  line  of  their  direction,  howerer  that  line  be  incurvated."  Before  explaining 
the  advantages  derived  from  the  use  of  elongated  projectiles,  it  is  necessary  to  consider 
some  of  the  peculiar  circumstances  connected  with  their  flight  in  the  atmosphere. 

All  elongated  projectiles  fired  from  rifled  guns  deviate  laterally,  and  the  deviations 
of  projectiles  of  oi*dinary  form  from  the  same  piece  occur  on  the  same  side  of  the  pro- 
duction  of  the  axis  of  the  bore.    With  almost  every  rifled  gun  hitherto  constructed, 
this    lateral    deviation    of  its   projectile,    or,   as   the 
French  term  it,   "derivation,"  is  to  the  right  arising  ^'^-  ^' 

from  the  direction  of  the   grooves,   which  are  almost 

invariably  made  so  as  to   give  tho  projectile  what  is      Lcf»  /^  \  R'  ht 

called  a  ''right-handed"  rotation  ;  that  is  to  say,  the 
upper  part  of  the  projectile  turns  from  left  to  right^ 
with  reference  to  an  observer  placed  behind  the  piece* 
(Fig.  9.) 

If  the  axis  of  the  projectile  remained  tangential  to  the  trajectory  during  the  whole 
time  of  flight,  the  resistance  of  the  air  would  be  equally  distributed  round  it,  and  no 
lateral  deviation  would  take  place.  It  is  however  a  well  ascertained  fact,  that 
the  axis  of  the  projectile  remains  nearly  parallel  to  its  primary  direction  during 
the  whole  time  of  its  flight,  as  represented  in  fig.  10,  and  moreover  that  it  also  makes 

Fig.  10. 


a  certain  angle  with  the  vertical  plane  passing  through  the  production  of  the  axis  of 
the  bore  ;  in  consequence  of  this  latter  position  of  the  axis  of  the  projectile,  lateral 
deviation  must  occur  from  the  fact  of  the  resistance  of  the  air  being  greater  on  one 
side  of  the  axis  than  on  the  other.     (Fig.  11.) 

Fig.  11. 

X" 

BOS  of  doTia'*       In  order  to  discover  the  cause  of  **  deviation  *'  in  elongated  projectiles,  Dr. 'Magnus 
endeavoured  by  direct  exjieriment  to  seek  a  more  positive  knowledge,  than  any  hitherto 
obtained,  as  to  the  direction  of  the  axis  of  the  elongated  projectile  during  its  flight. 
The  following  experiment  was  made  at  his  suggestion  by  a  Royal  Commission  at  Berlin. 
Several  elongated  projectiles  were  fired  with  a  charge  and  consequent  velocity  so  low. 
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that  on  observer  could  fullow  them  with  the  eyo,  and  even  note  with  tMrnncj  the 
position  of  their  axes ;  the  following  were  the  results  obtained  :  —  * 

1.  *' All  the  obsenrers  stationed  at  interrals  along  the  range  nnanimouily  agreed, 
that  the  axis  of  the  projectile  during  the  whole  time  of  flight  remidned  nearly  tangen- 
tial to  the  trajectory,  but  ncTertheless  that  in  the  descending  branch,  it  was  easily 
seen  that  the  point  of  the  projectile  was  a  little  higher  than  could  have  been  the  case 
had  the  axis  remained  accurately  tangential  to  the  trajectory. 

2.  **li  was  also  admitted  by  all,  that,  as  much  from  the  motion  of  the  projectiles 
as  from  the  furrows  made  in  grazing  the  ground,  in  all  the  rounds  fired,  the  point  of 
the  shot  at  the  instant  of  touching  the  ground  had  a  deviation  to  the  rights  as  shown 
in  fig.  12. 

3.  <*  When  a  projectile  strikes  the  ground  in  such  a  direction  (as  mentioned  above), 


Ffg.  12. 


Fig.  IS. 


Fig.  14. 


Prolongation  of  Axis  of  Bore.  FFolongaiion  of  Axis  of  Bore. 

there  may  take  place  during  the  penetration  a  turning  over  of  the  shot,  so  that  the 
posterior  or  base  becomes  foremost,  and  that  is  exactly  what  took  place  in  most  of  the 
rounds  fired  in  this  experiment ;  for  those  projectiles  which  buried  themselves  in  the 
ground  were  found,  with  reference  to  the  plane  of  fire,  in  a  position  similar  to  that 
shown  in  fig.  13." 
Szoerlment  That  the  axis  of  an  elongated  projectile  makes  an  angle  with  the  vertical  plane 

copo.  '  ^^"^  passing  through  the  production  of  the  axis  of  the  bore,  may  be  proved  by  experiment 
with  the  gyroscope.  The  gyroscope  for  this  purpose  should  have  a  small  elongated 
projectile  substituted  for  the  disc  used  for  ordinary  experiments,  and  the  projectile 

must  be  made  with  the  greatest  care,  so  that  its  centre  of 
gravity  coincides  exactly  with  that  of  the  two  rings  within 
which  it  is  placed  ;  the  rings  are  so  arranged  that  one  can 
turn  round  a  vertical  axis  and  the  other  round  a  horixontal 
axis,  the  projectile  within  being  therefore  free  to  turn  in 
any  direction.  A  cylindrical  portion  of  metal  extends 
beyond  the  .base  of  the  projectile,  in  prolongation  of  its 
longer  axis,  round  which  the  string  is  wound  to  give  the 
required  rotation  to  the  shot.     (Fig.  14.) 

If  the  projectile  be  made  to  rotate  rapidly,  and  a  preasoie 
is  exerted  underneath  its  point,  so  as  to  represent  the  pres- 
sure of  the  atmosi)here,  which,  in  consequence  of  the  axis 
maintaining  nearly  its  primary  direction,  is  greater  below 
than  above  the  point,  and  in  front  than  behind  the  centre 
of  gravity,  this  pressure  instead  of  raising 'the  point  of  the 
projectile  will  cause  it  to  move  laterally  according  to  the 
direction  of  the  rotation ;  if  the  rotation  be  *'  right  handed  "  the  point  of  the  projectile 
will  incline  to  the  right,  and  if  'Heft  handed"  to  the  lefl.     Should  the  pressure  be 
greater  behind  the  centre  of  gravity  than  in  front  of  it,  then  the  point  of  the  projectile 
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would  with  a  '^ right  handed"  rotation  moTO  to  the  lefl,  and  with  a  "left  handed" 
to  the  right. 
SteSTprS-         Elongated  projectiles  cannot,  as  hefore  observed,  be  fired  from  smooth-bored  pieces, 
lefl.  bat  require  a  certain  velocity  of  rotation  about  their  longer  axes,  which  is  com- 

municated to  them  in  passing  through  the  bore  of  a  rifled  gun,  and  which  preserves 
them  daring  their  flight  from  turning  over  in  consequence  of  their  tendency  to  rotate 
about  their  shorter  axes.  Fired  from  rifled  pieces,  elongated  projectiles  attain  much 
longer  ranges,  combined  with  far  greater  accuracy  than  spherical  shot  of  equal 
diameter,  fired  from  the  same  pieces  at  the  same  angles  of  elevation,  and  with  equal 
initial  velocities.  The  elongated  projectiles  from  their  greater  weight  are  less  retarded, 
maintain  their  velocity  much  longer,  and  therefore  range  further ;  for  a  given  range 
the  elongated  projectiles  will  consequently  require  a  less  angle  of  elevation  than  the 
spherical  shot,  their  trajectories  will  be  lower,  thereby  increasing  the  chance  of  their 
striking  the  object,  a  greater  extent  of  ground  being  also  covered  by  them  during  their 
flight.  The  effect  of  a  side  wind  will  depend  upon  the  position  of  the  centre  of 
gravity  of  the  elongated  projectile  ;  should  the  centre  of  gravity  be  far  forward,  the 
wind  will  have  a  greater  effect  upon  the  regularity  of  flight  of  the  projectile  than  if  it 
is  as  nearly  aa  possible  in  the  centre  of  figure.  This  was  the  case  with  the  *' egg- 
shaped  "  bullets*  proposed  by  Robins,  the  results  of  experiments  with  them  being 
given  by  Colonel  Beaufoy,  in  his  work  called  Scloppctaria.  "At  long  distances,  that 
is,  from  300  to  600  yards,  when  fired  from  a  gun  of  ^  inch  bore,  they  were  found 
much  less  liable  to  deviation  than  at  200  yards  and  under,  with  this  peculiarity,  that 
in  windy  weather,  whereas  balls  are  usually  driven  to  leeward  of  the  object,  these  had 
a  diametrically  opposite  effect.  It  was  found,  however,  that  these  balls  were  subject 
to  such  occasional  random  ranges,  as  completely  baffled  the  judgment  of  the  shooter  to 
counteract  their  irregularity."  Their  deviations  to  windward  no  doubt  arose  similarly 
to  those  of  rockets,  in  consequence  of  the  centre  of  gravity  of  the  projectile  being  so 
far  forward. 

As  already  explained,  with  a  rifled  gun  and  elongated  projectile  constructed  npon 
proper  principles,  the  lateral  deviation  of  the  latter  is  reduced  to  a  very  small  amount^ 
and  as  it  may  be  considered  constant  for  any  given  range  it  can  be  easily  allowed  for 
in  practice. 

As  the  elongated  bullet  does  not  lose  its  velocity  so  quickly  as  the  spherical  shot,  it 
does  not  require  so  high  an  initial  velocity,  and  can  therefore  be  fired  with  a  less  charge. 

The  greater  the  length  of  the  projectile  in  proportion  to  its  diameter,  the  longer 
will  be  its  range,  provided  it  have  a  sufficiently  rapid  velocity  of  rotation.  The 
velocity  of  rotation  must  increase  with  the  length  of  the  projectile,  its  tendency  to 
rotate  on  its  shorter  axis  increasing  with  the  length,  but  there  are  considerable*  objec- 
tions to  this  very  rapid  velocity  of  rotation,  as  increased  strain  npon  the  metal  of  the 
gun,  great  deflection  of  shot,  after  striking,  &c 

It  is  absolutely  necessary  to  have  two  grooves,  a  single  one  would  give  a  wrong 
direction ;  some  rifles  are  made  with  as  many  as  forty  grooves,  or  even  more.  The 
width  of  the  grooves  will  of  course  depend  upon  the  number.  Grooves  must  not  bo 
too  deep,  or  projections  will  be  formed  on  the  bullet,  upon  which  the  resistance  of  the 
atmosphere  would  act  iiguriously ;  deep  grooving  renders  the  bore  difficult  to  clean 
and  subject  to  fouling,  besides  weakening  the  metal  of  the  gun.  If  the  grooves  are 
shallow  and  numerous,  instead  of  deep  and  few  in  number,  less  resistance  will  be 

•  A  great  objection  to  this  aliapod  bullet  la  that  there  is  no  certainty  of  its  longer  axis  co- 
inciding with  that  of  the  bore  when  placed  in,  the  force  of  the  powder  not  acting  therefore 
through  this  axis. 
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offered  to  a  projectile  which  expands  or  it  forced  into  them  by  the  ezxdosion  of  the 
charge  ;  also  the  cylindrical  part  of  the  bullet  will  issue  from  the  bore  less  deformed 
in  shape,  and  therefore  less  liable  to  injurious  effect  from  the  atmosphere,  it  will  pre- 
serve its  Telocity  of  rotation  longer,  and  in  all  probability  its  deflection  will  be 
reduced. 

The  inclination  of  the  grooves  is  a  point  of  very  considerable  importance,  and  yery 
different  opinions  are  held  with  regard  to  the  Telocity  of  rotation  required  for  projectiles 
of  different  lengths.  It  would  appear  that  no  greater  Telocity  of  rotation  should  be 
giTen  to  the  projectile  than  is  necessary  to  maintain  it  during  its  flight  in  the  desired 
direction  with  its  point  foremost ;  for  the  great  deflection  after  striking  in  oonsequence 
of  a  rapid  rotation  is  Tery  objectionable,  and  should  the  projectile  be  a  shell  the 
pieces  would  spread  laterally  to  too  great  a  distance. 

The  Telocity  of  rotation  of  a  shot  will  depend  upon  its  initial  Telocity,  and  the 
inclination  of  the  grooTes  or  '^ twist"  as  it  is  technically  called.  In  order  to  find 
the  Telocity  of  rotation  of  a  projectile  on  leaving  the  bore,  diTide  the  "initial Telocity" 
(in  feet)  by  the  number  of  feet  in  which  one  complete  turn  or  reTolution  is  made  by 
the  shot ;  thus  in  Sir  W.  Armstrong's  12-pr.  the  turn  is  1  in  36  calibres  (1  calibre  = 
3  inches)  or  9  feet,  and  as  the  initial  Telocity  is  1080  feet  per  second, 

The  Telocity  of  rotation  will  l)e= — r—  =  120  reTolutions  per  sec. 

Some  rifles  are  made  with  what  is  called  a  "gaining  twist,"  the  grooTes  haTing  but 
a  slight  inclination  at  the  breech,  but  increasing  regularly  towards  the  muzzle  ;  this  is 
the  case  in  the  Lancaster  rifle.  The  objection  to  such  an  arrangement  of  the  grooTcs 
is,  that  a  continually  increasbg  resistance  is  offered  to  the  balFs  progress,  while  at  the 
same  time  the  Telocity  of  the  ball  is  also  increasing ;  there  will  consequently  be  a  great 
tendency  to  strip  when  the  bullet  is  made  of  soft  material  such  as  lead,  but  if  of  hard 
material,  as  in  the  case  of  the  projectiles  of  wronght-iron  for  the  Lancaster  gun,  there 
will  be  danger  of  fracture,  either  to  the  gun  or  projectile. 

The  form  and  weight  of  the  projectile  being  determined,  as  well  as  the  inclination 
of  the  grooTes,  the  charge  can  be  so  arranged  as  to  glTC  the  necessary  initial  Telocity, 
and  Telocity  of  rotation  ;  or  if  the  nature  of  projectile  and  charge  be  fixed,  the  incli- 
nation of  the  grooves  must  be  such  as  will  give  the  required  results.  The  most 
important  consideration  is  the  weight  and  form  of  projectile  ;  the  inclination  of  the 
grooves,  the  charge,  weight  of  metal  in  the  gun,  &c.,  are  regulated  almost  entirely 
by  it.  The  charges  used  with  rifled  pieces  are  much  less  than  those  with  which 
smooth-bored  guns  are  fired,  for  little  or  none  of  the  gas  is  allowed  to  escape  by  wind- 
age, there  being  therefore  no  loss  of  force  ;  and  it  is  found  by  experience  that  with 
comparatively  low  initial  velocities,  the  elongated  projectiles  maintain  their  velocity 
and  attain  very  long  ranges. 


Tannon  Cnr- 

And  and  Sea 
lervice. 


PYROTECHNY,  MILITARY.* 

AMMUKITIO!^. 

The  bags  are  made  of  serge,  cut  out  and  completed  at  the  Laboratory  for  all  the 
different  natures  of  ordnance,  according  to  the  various  calibres,  their  charges,  and 
form  of  the  chambers.  They  are  filled  by  weight,  and  choked,  and  have  one  or  more 
bands,   accordiug  to  the  dimensions  of  the  cartridge,  to  add  to   its  strength  and 


From  the  Royal  Laboratory,  Woolwich,  by  pcrinisMou  of  Liout.-Cyl.  Boxer,  Superintendent. 
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Mcarilf.     Cannon  cvtridgea  TU7  in  weight  from  20tbi.  for  the  SS-pr.  of  113  cwt 
doim  (o  S  OB.  for  the  1-pr.  bnn  gun  aniDutte. 

Fig,  I  reprwenW  a  filled  eir-  p^  j_ 

iridgefot32.pr.]  _  __..^  *■'«■  ^ 

Fig.  2.  reprennti  a  filled  car- 
tridge Bit  21-Ib.  howitiec. 

All  filled  cartridges  mpplied  to 
Suling  TeucU  of  the  Bojal  Nstj 
are  stowed  in  «qi»t«  wooden  cases, 
sopper-liDCd,  the  meicth  of  which 
is  fiimlf  Kcnred  with  a  Inted 
bong,  and  aguD  by  the  lid  of  the 
case,  fastened  with  a  metal  kej, 
and  on  the  lid  is  narked  its  con- 
tents. These  diSerent  cases  an 
disliDgnished  b;  black  Ulleri  when 
thej  contain  tho  distant  charges, 
— "bj  l^ht  blue  for  tha  full  charges, 
and  hj  rtd  MIeri  for  the  redoced  charges. 

Fig.  3  npresania  a  whole  case,  closeil. 

Fig.  5,  the  same,  side  fie' 
Fig.  J. 


Fig.  4,  the  o 
ihowiog  the  rope-handks. 
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A  whole  case  will  stow  110  iba.  of  powder  in  cnrtridges,— the  half  and  qnarter 
cases  in  pioportioD.  Bemdea  the  cannon  cartridges,  all  the  amalt-arm  ammnniUon 
and  other  comhustible  stores  for  Gea  SetTice,  sach  aa  Mae  lights,  long  lights, 
portfires,  fee.,  &.•:,,  are  packed  in  these  different  copper-lined  coses.  Thej  are 
inanufsctnred  in  the  Bofal  Carriage  Department,  are  reiy  dotable,  and  capable  of 
standing  much  hard  seriicc,  and  generall;  repairabU.  The  eobt  of  a  whole  case  is 
£1  liM.  lOd. 
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All  fillsd  e&rtridgei  far  II.H.  atesmen  are  stowed  In  metal  oasei,  tlie  moatlis  of 
*hicli  are  aimilarlj  eecureJ,  uid  tbo  lida  nuirlcetl  with  tlieir  eonteiita,  in  oolonra,  u  on 
wood  copper-lined  CMea.  Tbe;  are  of  pentagonal  form  ;  tfas  nnmbcr  of  filled 
cartridges  thej  will  contain  i>  the  Kama  aa  the  Hoodeo  cas«i,  and,  like  tliem,  Ibej  are 
also  di'ldcd  into  whole,  lialf,  and  quarter  coaca.  TLere  are  aba  aeciioaat  caaea,  fur 
filling  np  the  rides. 


JVt.«.— All  boat  ai 
U  for  sailing  Teasels. 

Filled  cannon  cartridges  for  Land  Service  are  kept  in  magazinea,  stowed  in  ammu- 
nition boies.  These  caiiridgea  are,  bawaffr,  generally  limited  in  nnmher,  according 
to  circnmstances. 

Slorekeepcra  and  others  in  eharje  of  magaunes  are  supplied  with  cartridge  bags 
rsady  for  filling  when  required.  These  empty  bags  are  now  acut  to  stations  at  home 
and  abroad,  and  for  both  Land  and  Sea  Service  in  pressed  bales,  containing  numbers 
Tarjing  from  200  to  500  and  upwarda.  A  screw  hand-presa,  capable  of  oonsiderablo 
power,  is  used  for  this  operation.  A  cOTerinR  of  oil-cloth  il  also  pressed  over  the 
bags,  together  with  a  stout  convna  covering,  well  secured  and  marked. 


Fig.  S  represents  a  bale  of  50O  24-pr.  cartridge -bnga,  na  packed  for  Land  Service. 
Fig.  10  leprcaents  a  bale  of  200  32-pr.  eartridge-faags,  as  packed  for  Sea  Servioe. 
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■'  For  tlie  eonstnietion  of  a  cartridge  tbs  paper  ia  oat  into  tbne  noeqnal 
Tvo  of  thaw  w«  rolled  together  roand  a  former,  to  make  the  powder  ^linder, 
end  of  the  looger  one  being  folded  ap  into  a  hollow  at  the  bottom  of  the  former, 
vhich  the  paper  is  preised  nith  a  formmg-ptag,  shaped  like  the  head  of  a  ballet, 
point  of  the  bullet  is  pressed  into  the  cavitj  thos  formed,  and  the  other  paper  is 
rolled  roond  the  bullet  and  cylinder,  the  lover  half-inch  being  folded  oo  the  ba 
the  bullet,  and  there  lied.  A  narrow  bond  is  pasted  ronnd  the  cylinder,  to  cotbi 
top  of  the  outer  paper.  (FigB.  11  and  12  are  balf-slze.)  The  former  ii  then  i 
Fig.  H,    rormer. 


drawn,  and  the  cartridges  are  placed  upright  in  rovs  in  a  box.  They  are  then  filled 
snceesriiely  by  n  machine,  and  after  each  has  received  the  proper  charge,  lUe  top  !■ 
choked  by  taking  the  open  end  between  the  finger  and  tbaoib,  and  twistiog  the  psper 
once  Totmd  close  to  the  powder. 

Cartridges,  of  all  natures,  are  placed  together  in  bundles  contuning  ten  eacb  : 
fur  ball-cartridges  a  slip  of  paper  is  osed,  the  eortridgeu  being  placed  with  the  balls 
end  to  end,  OTer  and  under  the  slip  ;  they  are  then  packed  in  strong  white  wrapping 
paper,  tied  across  each  way,  and  on  the  paper  is  printed  the  nature  of  cartridge  and 
charge.  Blank  cartridges  have  no  slips  ot  paper  between  them,  and  ate  packed  in 
pniple  paper,  the  some  m  the  cartridges  ore  formed  wiUi, 


Pig.  13,  machine  fur  filling  small-arm  cartridges,  with  the  lerer  or  handle  by  which 
the  measures  are  moTCd,  and  wliich  if  fixed  at  a. 
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The  meiunirei  are  fixed  vertieally  in  a  oireolar  plate,  oppoute  to  each  otherj  with  an 
axis  between  them,  npon  which  they  work  between  two  other  platea. 

On  the  top  of  the  plate  a  hopper  ia  fixed,  oommnnicating  altematelj  with  the 
meaanrea  and  filling  them  ;  and  on  the  opposite  aide,  in  the  bottom  plate,  is  »  hole 
with  a  spout,  through  which  the  discharge  takes  plaoe.  The  platea  are  framed 
together  by  three  pillars  having  double  adjusting  nuts  on  each,  to  regulate  the 
distance  of  the  plates. 

The  measures  are  moved  by  a  handle  or  lever,  the  motion  of  which  is  limited  bj 
the  pins,  and  which,  while  it  presents  one  under  the  hopper  to  receive,  places  the 
other  immediately  over  the  discharging  hole  for  delivery,  so  that  the  two  operations 
of  fiUing  and  discharging  are  going  on  at  the  same  moment.  The  bottom  of  each 
measure  is  contracted,  to  retard,  in  a  small  degree,  the  discharge,  so  as  to  secure  one 
measure  being  filled  before  the  other  is  emptied.  A  hole  is  cut  in  the  top  plate  over 
the  discharging  measure,  by  which  it  may  bo  ascertained  that  it  is  always  full,  aa 
well  as  that  the  whole  contents  are  delivered. 

N(^e, — Ball-cartridges  for  all  arms  are  packed  in  quarter-barrels,  and  blank 
cartridges  in  half-barrels.  The  corresponding  number  of  copper  caps,  with  50  per 
cent,  additional  for  the  former,  and  10  i>er  cent,  additional  for  the  latter,  are  packed 
in  zinc  cylinders,  placed  in  the  centre  of  each  barrel 
lall,  Spherical.  Spherical  balls  are  now  used  only  for  the  diaphragm  shell.  They  are  made  of  a 
composition  of  lead  and  antimony.  The  metal  is  melted  in  a  large  round  iron  pot,  set 
in  brickwork,  but  must  never  be  made  red-hot.     The  metal  is  dipped  out  with  ladles 

Fig.  14.— Ball  or  Bullet  Mould. 


and  poured  into  moulds  (fig.  14),  of  which  there  are  three  to  each  bench,  employing 
two  men,  one  easting,  the  other  removing  the  baUs  from  the  moulds  with  a  pair  of 
pliers,   and  placing  them  in  a  box.     The  services  of  one  man  are  also  required  to 

Fig.  15.— Nipping  Machine. 


(E 


^ 


attend  the  fire.     The  men  employed  change  about  with  every  box  they  cast.    A  tub 
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of  water  U  kept  under  eodi  bench,  to  oool  tbe  moolili ;  bnt  in  no  doing,  it  most  be 
putinoUrlj  obMmd  th&t  the  monld*  u«  on];  to  be  dipped  into  the  vster  vhut  the 
balle  are  in  them,  and  alao  that  tliejr  are  kept  tight,  to  prevent  the  irater  geltiog 
within,  whioh  vonld  be  dangerona  to  ths  men  caitiog. 

ffott. — Two  boji  nip  the  aame  quantity  aa  three  men  cart  per  da;,  and  la  tlii* 
operation  one  ho;  outa  off  the  baolce  with  tbe  nipping  madiine  (fig.  16),  and  the  other 
afterward!  examines  the  balli.    Theie  bojs  alio  change  allematel;. 

The  bullet  nbw  in  nee  ia  known  as  the  Enfield  ;  it  is  eylindio-ogiTaJe  in  form, 
with  •  truncated  oonical  hollow  at  tbe  base,  into  which  a  hard  wood  plag  is  iaserted. 
It  is  1  'DBS  inch  long  and  -GS  inch  diameter.  Tie  node  of  (onning  these  bnllels  ii 
as  foltowB  : — The  lead  {which  ahonld  b«  pare)  is  melted  in  an  iron  pot,  and  then  mn 
into  a  strong  iron  cylinder,  holding  aboat  <i  to  5  cvt.,  and  made  with  an  aperture 
about  8  inchea  diameter  at  the  top.  Abore  tbe  cylinder  is  fixed  a  strong  block  of  iron 
with  a  plunger  or  tarn,  of  the  same  diameter  as  the  aportore  in  tbe  cyUoder,  attaehed 
below  il  Both  block  and  plunger  are  perforated  throngbout  their  length,  and  a  di^ 
haTing  a  hole  thtongh  it  of  the  propo'  diameter,  is  inserted  in  the  bottom  of  the 
ram.  After  the  lead  has  been  allowed  to  cool  for  about  ten  minulei,  the  cylinder 
eonlaiuing  it  is  fore«d  upwards  by  hydraulio  pressure  Utl  the  plunger  enters  it,  when 
the  lead  is  squirted  up  through  the  die,  and  comes  out  at  the  top  of  the  block  in  the 
tana  of  a  eontinuoni  metal  rod,  which  is  then  drawn  orer,  with  a  woollen  shield  to 
tiie  band,  and  wound  on  a  reel. 

The  rode  are  tuxi  wound  off  on  to  other  reels  suspended  oier  the  bullet-forming 
machines,  four  of  which,  when  in  gear,  are  set  in  motion  by  one  band  and  two  fly- 
wheeli.  Each  of  the  Sy -wheels  acta  upon  a  heaTy  cross-head,  which  works,  with  an 
altenale  motion,  a  long  bar  with  a  nipple  at  each  end,  by  which  the  cartt;  in  a  bullet 
is  formed.  Ibis  eross-hesd  mores  two  iron  hands,  which  prta  on  the  teeth  of  a 
pinion  at  each  end  alternately ;  the  junion  works  a  roller,  which  by  friction  on  another 
nller  draws  down  the  leaden  rod  and  goidet  il  between  a  pair  of  nippen, 'which  cut  off 
Uia  right  length  of  rod,  and  opening,  drop  it  down,  and  catch  it  below  at  the  moment 
when  tbe  before-mentioned  nipple  leache*  that  point,  and  presses  the  lead  into  a  hole, 
gjTing  the  form  of  the  front  of  ths  boUet,  while  tbe  nipple  makes  the  cavity  and 
stamps  tbe  goremment  mark.  As  the  nipple  withdraws,  a  lerer,  acted  npon  by  a 
com,  poshes  forward  a  part  of  tbe  mould,  and  throws  out  the  buUet  completed, 
tig.  1S,~EleTsUoa  o!  Bullet.  Fig.  IT  — Sactlon  with  plug. 


Light-balls  are  of  four  different  natures,  called  10-inch,  and  4)-inch. 

Their  form  it  oblong.     The  sVeletons  ara  made  of  w___„ ,  __J  are  coated 

with  canvas  called  Otnabuig,  which  is  2i  inches  wide.  The,' canvas  must  te  cut 
sufGcientl;  long  to  wrap  twioe  tJghtly  round  the  skeleton,  and  stitched  first  up  the 
seam,  and  then  at  tbe  top  and  bottom  ot  each  bar,  with  a  needle  and  twine,  taking 
care  to  clip  the  eanra*  with  a  pur  of  scissors  opposite  each  bar,  and  then  turning  in 
the  cut  part  between  the  bars  st  the  bottom,  to  prevent  the  composition  coming  out 


Tompodtlon 
lor  ground 
Ight-UUfl. 
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when  the  skeleton  is  being  filled.     Four  holes  are  to  be  cut  in  the  quarten  for  filling 
and  priming. 

Ibc  oz.  drt. 
Saltpetre,  gronnd 6    4     0 

I  Sulphur 2    8    0 

Resin,  pounded 1  14    0 

Linseed  oil,  boiled  0    7    8 

The  method  of  preparing  the  composition  is  the  same  as  for  carcasses. 

It  must  be  obserred,  while  filling,  to  press  the  composition  well  to  the  canvas, 
inside,  to  make  it  as  round  as  possible,  and  afler  it  is  well  filled,  put  m  the  wooden 
plugs  for  forming  the  priming-holes.  These  plugs  must  be  well  greased  and  fastened 
down,  and  the  ball  then  put  by  to  cool.  They  are  next  to  be  woolded  with  such  sised 
quilting  Ibe  as  will  admit  of  their  passing  freely  through  the  gauge.  The  plugs  are 
then  taken  oat  and  the  holes  driven  with  fuze  composition,  the  same  as  fuzes  ;  and 
as  the  holes  run  the  same  size  as  the  bores  of  fuzes,  the  same  sized  drifts  will  answer 
for  driving  them, — then  primed  with  quick-match,  and  the  holes  covered  with  paper. 
The  whole  receives  two  coats  of  lead-coloured  paint,  and  afterwards  a  barras  cap^ 
kitted  and  put  over  the  top,  and  sprinkled  with  sawdust. 


Talk  of  the  Weights  of  Oblong  Light- Balls. 


Suspended 
Light  Balls. 


Ball*,  Smoke. 


Nature. 

EnDjjty. 

Coated. 

lO-incb. 

lbs.   oz. 
33     0 

ftts.   oz. 
33  10 

8    „ 

15  12 

10     1 

5i>, 

1     8 

1  10 

*l  .. 

1     2 

1     4 

Filled. 


Woolded-     I     Frimod. 


Ibfl.  OZ. 

08  14 


lbs.  oz. 
G9     8 


32  14 

83    2 

8     6 

8    8 

4     9 

4  11 

fi>8.    OZ. 

70    4 

83  10 

8    9 

4  12 


Finishod. 


fta.  08. 
71     2 

34    0 

8  12 

4  14 


These  are  provided  with  an  apparatus  by  which  they  are  rendered  capable  of 
remaining  suspended  in  the  air  fur  a  short  period  over  an  enemy's  works.  Thej  are 
composed  of 

n>s.   OZ. 

Saltpetre 7    0 

Sulphur 1  12 

Sulphide  of  arsenic 0    8 

Smoke-balls  are  of  five  different  natures,  viz.,  13 -inch,  10,  8,  5 J,  and  4{-inch. 
The  cases  are  formed  on  a  wooden  ball,  which  is  made  of  ash  or  other  hard  wood. 
This  ball  is  to  be  well  greased  with  tallow,  to  prevent  the  paper  which  is  to  form  the 
skeleton  from  sticking  to  it.  The  paper  is  cut  into  strips  about  3^  inches  wide,  and 
long  enough  to  wrap  once  round  the  ball  or  former.  These  strips  are  put  into  water, 
and  when  soaked  a  little,  are  to  be  taken  out  and  pasted  :  one  of  these  is  then  laid 
round  the  former,  commencing  at  a  certain  point,  and  brought  up  to  it  on  the  other 
side.  Both  sides  of  the  paper  are  to  be  notched  with  a  pair  of  scissors,  and  the 
clipped  parts  laid  regularly  down,  not  allowing  one  of  the  pieces  to  lay  over  the  other. 
Two  round  pieces  of  paper  are  then  cut  and  pasted  on  each  end  ;  these  must  also  be 
clipped  to  make  them  lay  close  to  the  former.  The  first  coat  should  only  be  slightly 
pasted  ;  a  second  coat  is  then  put  on  in  the  same  manner  as  the  first,  except  that 
the  long  slip  is  laid  the  contrary  way.  In  this  manner  the  ball  is  to  receive  four  coats, 
laying  the  paper  the  contrary  way  each  coat.    It  must  then  be  left  to  dry,  and  when 
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quite  so,  it  is  cut  through  with  a  sharp  knife  down  to  the  wood,  nearly  all  round, 
leaying  about  1|  inch  to  form  a  hinge.  The  case  is  now  to  be  opened  by  tapping  it 
gently  all  over  with  a  small  mallet,  and  easing  it  with  a  knife  until  the  former  will 
come  out.  Strips  of  paper  are  then  pasted  over  the  joint,  pressing  it  equally  together. 
When  it  is  perfectly  dry,  four  more  coats  are  put  on  as  before,  and  so  continued  unti 
the  ball  is  brought  up  to  the  gauge.  The  fuze-hole  is  next  bored  with  a  Reimer,  and 
then  enlarged  to  the  proper  size  with  a  round  hot  iron. 

Fig.  19. 
Fig.  IS. 


Tho  paper  shell  complete. 


The  first  four  coats  of  paper  cut  through, 
to  get  out  the  former. 


Table  of  the  Ditneruums  of  Former t  and  Wood  Oaugetfor  Smoke- BaU  Catet, 


Diameter  of 

Thickness  of 

Diameter  of 

Diameter  of  Ause-hole.    { 

Nature. 

the  wood  bal^ 
or  former. 

v\fiv\^ni 

wood 
gauges. 

paper 
complete. 

At  top. 

At  bottom. 

Inches. 

Inch. 

Inches. 

Inch. 

Inch. 

IS-inch 

11-3 

1-45 

12-76 

1-837 

1-696 

10     „ 

8-6 

1-16 

9-75 

1-57 

1-45 

8     „ 

6-65 

1-1 

7-75 

1-325 

1-227 

^4  *> 

4-76 

•79 

5-54 

•894 

•826 

4|  » 

3-75 

•65 

4-4 

•832 

•769 

lbs.   OS. 

Composition, — Corned  Powder,  braised 5    0 

Saltpetre,  polTeriaed 10 

Sea-coal,  pounded 18 

Swedish  Pitch 2    0 

Tallow 0    8 

# 

The  pitch  and  tallow  are  put  into  an  iron  pot,  fitted  into  a  copper,  and  filled  with 
common  sweet  oil,  which  is  made  very  hot ;  the  saltpetre  and  sea-coal  are  then 
added.  These  ingredients,  when  well  amalgamated,  remain  orer  the  fire  about  a 
quarter  of  an  hour  :  it  is  then  transferred  into  a  cooler  pot,  to  preyent  accident  when 
the  powder  is  added.  The  whole  is  mixed  well  together.  The  composition  is  then 
taken  out  and  placed  upon  a  board  to  cool,  and  small  portions  at  a  time  are  taken  in 
the  hand  to  fill,  and  pressed  in  with  a  wooden  drift.  A  wooden  plug  is  put  in  for 
forming  the  priming-hole,  and  which  must  be  well  greased  and  tied  down,  to  present 
the  composition  from  forcing  it  out.  When  cold,  the  plug  is  taken  out,  and  the 
hollow  driven  with  fuze  composition,  and  primed  with  quick-matchj  the  same  as  a 
common  fuze. 

TOL.  XXI.  9 
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Otpt,  Copper. 


Ssrcorict. 


The  foUuwing  are  the  proportloni  of  diy  oompoiitioii  put  into  imoke-baUi,  for  the 
purpose  of  occaaionally  clearing  the  vent : — 


For  IS-inoh  }  ^"^P**" 
(Sea-ooal 

.,  lO-inch  j  8°JP^« 
(Sea-oool 

„     S-inch  jSulphnr 
(Sea-ooal 


2 
2 
1 

1 


0S.N 


II 


fi 


fi 


i,. 


One  of  theee  proportioni  ia  pat 
into  the  oaee  each  time^  tis. 
)•     when  i  filled,  (  filled,  and  f 
filled,  aooording  to  the  natoro 
of  the  imoke-halL 


For  the  54  and  4|-inch,  a  amall  quantity  of  each  put  in  twiee  is  lufficient 
Smoke-balla  have  lastly  three  ooats  of  lead-coloured  paint  on  the  outside. 
All  copper  caps  for  the  serrioe  of  the  Army  and  Navy  are  manu&otured  at  the 
Boyal  Laboratory,  and  are  of  one  pattern  only  for  erery  nature  of  small-arm«     The 
Government  caps  differ  in  make  and  form  from  those  of  general  mann&otuien.     There 
is  more  copper  in  them,  having  a  flange  or  rim,  for  the  purpose  of  giving  a  firmer 
hold  to  those  using  them :  a  more  extensive  process  is  also  adopted,  to  aeonre  the 
composition  from  deterioration,  either  from  damp  magazines  or  the  eflfedi  of  glimatf*^ 
to  which  the  caps  are  exposed  in  every  part  of  the  globe. 

The  copper  is  annealed,  to  render  it  less  brittle,  and  is  pickled  in  dilute  snlphnric 
aoid,  to  clean  off  the  effects  of  the  fire.     The  sheets  are  then  out  into  strips  either 
Fig.  20.  2  inches  or  2}  inches  wide,  the  former  to  make  three,  the  latter 

four,  caps  in  width.  The  strips  are  next  oiled,  and  then  plaoed  in 
a  machine,  where  they  are  drawn  through  rollers  and  out  into 
crosses  |  in.  diameter.  These  crosses  are  received  in  a  die^  which 
forms  the  caps  and  affixes  the  government  mark  to  each.  Aa  soon 
as  one  strip  leaves  the  machine  another  is  inserted  and  the  process 
repeated.  The  caps  are  then  shaken  in  a  drum  with  saw-dost^  to 
remove  the  oil,  and  afterwards  arranged  in  brass  plates  for  loading^  each  plate  con- 
taining 1000  caps. 

The  plate  of  1000  caps  is  then  passed  to  the  loading  machine  to  receive  the  ohai^ 
which  consists  of  fulminate  of  mercury  and  chlorate  of  potassa,  with  a  very  amall 
quantity  of  finely-powdered  glass.  The  oomposition  is  next  pressed  firm  into  each 
cap  by  a  machine,  and  then  receives  a  coating  of  varnish,  consisting  of  a  mixture  of 
shell-lao  and  spirits  of  wine.  This  varnish  affords  great  security  in  resisting  damp 
and  the  effects  of  climate,  and  fixes  the  composition  firmly  in  the  cap.  The  o^»  aie 
placed  upon  a  steam-bath,  to  dry  and  harden  the  varnish.  They  are  once  more 
shaken  in  a  drum  containing  very  fine  saw-dust,  to  render  them  perfectly  bright^  and 
are  then  ready  to  b^  packed  for  service. 

Copper  caps  for  the  Land  Service  are  first  packed  in  parcels  of  15  each  for  10  rounds 
of  ball-cartridge.  Six  of  these  parcels  are  then  placed  into  one,  making  the  due  pro- 
portion of  caps  for  60  rounds  of  ball,  and  are  thus  stowed  in  sine  flinders  with  the 
ammunition.  Blank  cartridges  have  25  caps  simihirly  packed  for  20  ronndS|  and 
75  caps  for  60  rounds. 

Copper  caps  for  the  Naval  Service  are  placed  in  stone  jars,  glazed  within  and  withooiy 
and  secured  at  the  mouth  with  a  covering  of  India-rubber,  each  jar  containing  1000 
loose  caps. 
The  usual  mte  of  manufacture  is  about  2,000,060  caps  per  week. 
Carcasses  for  Land  and  Sea  Service  are  of  eight  different  natures,  viz.  13-inch,  10, 
8,  5|,  and  4|-inch ;  42-pr.,  32-pr.,  and  18-pr.  The  skeletons  or  cases  are  similar  to 
common  shelU,  but  with  three  or  four  fuze-holes,  and  the  ingredieots  for  filling  aa 
fullows : — 
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Skl^etiCb  gnutd S       4 

anl^nr,  ditto 2        8 

BmIi^  poimdtd 1      H 

Antimonj,  ditto 0      10 

•Ttilow 0      10 

TaniM  Toipentine 0      10 

The  dr7  ingredianli  tn  wtU  mixed  t<%sther  vith  a  ooppa  iliot,  Mid  Aflerwdi 
ptued  twioa  Uirongh  >  fine  hur  uere.  Th«  turpantine  and  talloir  an  pot  togBther 
Into  an  imt  pot  (whioh  fiti  into  a  copper  contaisiiij  abont  27  gaUoni  of  oil),  to  b« 
■reD  melted ;  the  dry  ingndieaU  are  tlien  added,  atiiring  with  an  iroa  p«ddle  for  IS 
or  20  mioutei,  until  Uie  nlFhnr  begini  to  raa.  The  whole  in  then  taken  out  of  tbe 
pot  with  a  ladle,  a  little  at  a  time,  and  laid  to  oool  on  the  lead  oOTeiiDg  of  the  copper. 
Before  the  filling  ia  commeDoed,  oorki  an  dtiren  into  all  the  bolei  exoept  one.  The 
eareaMei  are  then  filled  by  forcing  in  the  compoaition  with  a  wooden  drift  (hiongli  a 
tin  fannel,  taUng  great  ean  that  it  ia  filled  eolid :  the  eorka  an  neit  taken  oat,  and 
priming-plugi,  well  greased,  ate  ibroed  in  and  batened  down  nntil  the  compoaition  b 
quite  cold.  Thew  plnga  an  then  withdrawn,  and  all  (he  holes  driren  with  faia 
tompoaition  and  primed  with  qmck-maloh,  the  «ame  ai  oonuaon  fuiei.  LuU;,  a 
bairaa  cap,  kitted  and  cut  larger  than  the  hole8,ii  laid  on  aod  fprinkl«d  witbaawdnit. 

TdbU  of  Ihe  WtigiU  o/  Bmttd  Inn  Camutu. 


Empty. 

WoiBht   of, 
compoiltJaiL 

ToW  Weight. 

Natures 

Bwt 

q™. 

tbL 

«. 

So. 

o.. 

cwt. 

q™. 

&>. 

14 

0 

8 
14 

■S' 
1 

13-inoh 

if 

18  ,. 

2 

1 
S 

1 
0 
0 

1 

0 
0 

2T 

s 

6 
20 

IG 

a 

0 
23 
13 

0 
14 

A' 

17 
10 

0 

14 

8 

4 
U 

3i 

7 
12 

1 
1 
0 
0 
0 
0 
0 
0 
0 

3 

1 

0 

0 

D 

16 

14 
13 

23 

W 
8 

n 
u 

14 

Wfoi.  Wooden  fiuea  are  of  two  clause,  tU.  gnn  and  mortar,  IS-iooh,  10,  8,  G|,  ■ 

4}-ineh,  and  an  of  the  four  following  dimeniiaD* : — 


KaMn. 

Total 

Eitartor. 
DlanHter. 

cu^ 

Bore. 

■oliil'^tom 

r 

Top. 

DotbHD. 

Dtam.  1  Depth. 

DUto. 

Unarth. 

IS-inoh 
10    „ 

l»cbaL 
7-4 

1-505 

■77 

■8 

Inch. 
■3 

inch. 

■37 

iBCb. 

6^8 

Inch. 

■5 

Common 
Diaphragm 

41 

1'09 

■87 

■82 

■26 

■27B 

3'85 

■2 

SIS 

a-0 

1-09 
106 

■75 

■87 

■02 
■62 

■25 
■25 

■275 

■27B 

2  0 
10 

■3 

■15 

TIm  13-inch  fntei  ue  gradoated  to  8  inchee ;  the  10  to  7  inchei;  the  8  to  S  inchei ; 
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the  5}  to  4  inches ;  and  the  4 1  to  3  inches,  and  snbdiyided  into  *2.  The  8  And  51-inch 
spherical  are  graduated  to  1  inch,  and  also  snbdiyided  into  *2.  These  fnzes  are  drireo 
with  faze  composition,  one  inch  of  which  must  bum  five  seconds,  neither  more  nor  leas, 
or  the  calculation  for  firing  shells  would  be  rendered  useless. 

Composition. — Saltpetre,  pulverised       ....     3n>8.      4os. 

Sulphur,  sublimed 1ft. 

Fit-mealed  Powder  ....     2ft8.  12  ox. 

The  above-named  ingredients  are  mixed  well  together  by  a  copper  slice,  and  then 
passed  through  a  fine  hair  sieve  three  times,  and  afterwards  through  a  lawn  sieve.  It 
is  then  to  be  well  lubbed  with  the  hands,  and  with  a  copper  shovel  pnt  into  the 
composition  tub. 

It  is  to  be  observed,  that  unless  the  composition  is  well  mixed,  it  will  not  answer 
for  fnzes,  as  their  efficiency  depends  upon  the  manner  of  mixing  and  driving  the 
composition ;  that  no  other  powder  will  answer  for  fuze  composition  but  that  which  is 
made  of  pit  charcoal ;  and  that  for  all  composition  in  which  charcoal  and  mealed 
powder  form  a  part,  the  sieve  in  which  it  is  mixed  must  have  a  top  and  bottom,  to 
prevent  the  finer  particles  from  fiying  about,  which  would  not  only  be  disagreeable  to 
the  mixer,  but  would  rob  the  composition  of  its  strength. 

The  fuzes  are  set  in  a  frame,  and  the  composition  (previously  formed  in  little  pellets) 
placed  in  them.  The  frame  is  then  forced  up  by  hydraulic  pressure  against  a  fixed 
block  provided  with  drifts,  which  enter  the  fnzes  and  press  the  composition  firmly 
together. 

The  fuze  is  placed  in  a  socket,  and  a  little  of  the  composition  on  the  top  loosened 
with  a  pricker.  The  quick-match  is  cut  to  the  proper  length  required,  doubled,  and 
put  into  the  centre  of  the  cup  with  a  mallet  and  drift,  then  a  ladleful  of  pit-mealed 
powder,  pressed  in  firmly  enough  to  lift  the  fuze  out  of  the  socket;  and  the  ends  of 
the  quick-match  are  laid  inside  the  cup.  Lastly,  a  mixture  of  mealed  powder  and 
spirits  of  wine  is  laid  over  the  match,  and  the  top  dipped  into  mealed  powder,  and 
then  the  fuze  is  set  aside  to  dry. 

A  circle  of  strong  rocket-paper  is  cut  to  the  size  of  the  faze  and  laid  on  the  cup, 
with  a  piece  of  tape  attached ;  a  tin  cap  is  then  laid  over  it  and  left  till  the  shell  is  in 
the  gun  or  mortar,  when  it  is  removed  by  means  of  the  tape. 
/J^^^-WetoZ  ^  Metal  fuzes  are  of  three  natures,  viz.  the  74  seconds  fuze,  driven  with  mealed 
powder;  the  20  seconds  fuze,  driven  with  fuze  composition ;  and  Moorsom^s  percussion 
fuze. 

The  time  fuzes  are  driven  and  primed  precisely  the  same  as  wooden  fuses,  but  instead 
of  being  capped  as  above,  have  a  screw  metal  cap.  The  holes  for  ignition  are  bored  right 
through  the  metal,  and  a  cylinder  of  rocket-paper  is  inserted  to  contain  the  composition. 

The  fuzes  are  screwed  into  the  shells,  the  holes  of  which  are  bouched  with  metal  to 
receive  them ;  they  are  screwed  in  to  the  right  hand,  and  the  cap  to  the  left,  so  that 
the  latter  when  unscrewed  may  not  disturb  the  fuze. 

Note. — The  diameter  of  the  fuze-holes  for  all  natures  of  shells  fitted  to  receive  metal 
fuzes  is  precisely  the  same. 
UqIiU,  Signal  The  following  is  the  composition  for  signal  and  long  lights : — 


{Naval  Bnvke), 


ani  Long, 


Saltpetre,  ground 7^8.     Ooz. 

Sulphur,         do lib     12oz. 

Sulphide  of  Arsenic        •        .        .        .01b       8  oz. 

The  cases  are  mode  of  brown  paper,  slightly  pasted  and  rolled  on  a  wooden  former, 
in  the  same  manner  as  common  portfiic  cases :  they  are  made  to  the  same  diameter  as 


ion. 


fr-K 
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the  1-Ib.  signal  rocket,  the  same  cylinder-gauge  being  used  for  them.  The  long  light 
case  is  cut  to  the  length  of  9*25  inches,  one  end  of  which  is  perforated  at  an  inch  from 
the  bottom,  to  allow  a  wooden  pin  to  pass  throagh  it,  for  the  purpose  of  attaching  the 
handle  to  the  case. 

Long  lights  are  driven  on  a  wooden  nipple,  2  inches  in  length,  and  of  the  same 
diameter  as  the  cylinder  former  for  the  1-Vb.  signal  rockets.  A  circle  of  paper,  of  the 
same  diameter  as  the  interior  of  the  case,  is  placed  on  the  nipple,  and  a  ladleful  of 
clay  driven  hard  upon  it ;  then  pellets  of  composition  are  put  in,  and  pressed  hard  in 
succession  by  means  of  the  hydraulic  press,  in  the  same  manner  as  the  fuzes,  till  the 
case  is  nearly  fuU,  when  it  is  taken  ofif  the  nipple,  and  primed,  and  a  sort  of  small 
friction-tube     inserted,      which, 

when  pressed,  ignites  the  prim-  H  ""_  1f  fl""!    Xowg  /^>g^ 

ing.    They  afterwards  receive  two  " 

coats  of  paint     A  long  light  will 
bam  five  or  six  minutes. 

The  signal  light  is  made  in  exactly  the  same  manner,  bat  the  composition  is  only 
Quick.       about  1  inch  thick,  and  burns  about  one  minute. 

The  following  is  the  composition  of  quick-match : — 

Cotton 1  &.  12  oz. 

Cylinder-mealed  powder      .        .        .     .  lOtts.    Ooz. 
Qum-water    •        •        •        •  .4  quarts. 

The  saltpetre  is  put  into  a  pan  and  the  end  of  the  wick  secured  to  one  of  the 
handles  to  unwind  the  cotton  firom  the  bale;  the  last  end  is  fastened  to  the  other 
handle  of  the  pan ;  the  water  is  poured  upon  the  cotton,  which  is  then  covered  with 
one-third  of  the  mealed  powder,  and  so  left  for  about  six  hours  to  get  well  soaked : 
the  last  end  of  the  wick  is  then  secured  to  one  of  the  handles  of  another  pan,  and  the 
wick  drawn  gently  through  the  hand  into  it^  taking  care  that  no  part  of  the  cotton 
passes  uncovered.  The  second  portion  of  the  mealed  powder  is  then  added,  and  the 
liquid  in  the  first  pan  poured  upon  it,  and  left  to  stand  the  same  time  as  before.  One 
end  of  the  wick  is  next  fastened  to  the  reel,  and  wound  on  to  it  tight.  When  the 
whole  is  wound  oat  of  the  pan,  the  reel  is  taken  o£f  the  stand,  and  laid  on  two 
battens  on  the  table.  Next  sift  half  the  remaining  powder  equally  over  the  upper 
side,  and  turning  the  reeling-frame,  sift  the  rest  over  that  side.  The  match  is  then 
set  aside  to  dry. 

t.  Slow.  Slow-match  is  merely  hempen  rope  loosely  twisted  and  dipped  in  a  solution  of 

saltpetre  and  lime-water. 
Note. — A  yard  of  slow-match  will  bum  about  three  hours. 

rf»,  Portfires  are  of  four  different  natures,  vii.  Common  Portfires,  Percussion  Portfires, 

Miners'  Portfires,  and  Slow  Portfires. 

One-third  of  the  sheet  of  paper  used  for  this  purpose  is  cut  off  lengthwise,  and  the 
whole  is  pasted  thinly  all  over ;  the  part  cut  off  is  then  placed  on  the  centre  of  the 
remaining  two-thirds,  and  with  the  iron  former,  well  pasted,  is  rolled  on  it  upon  a 
board  for  the  purpose :  when  supposed  to  be  sufficiently  rolled,  it  is  tried  with  a  gauge 
^-lOths  of  an  inch  in  diameter,  adding  or  reducing  the  paper  accordingly.  The 
former  is  next  taken  out,  and  the  case  laid  to  dry. 

*  Brimstone,  sublimed        •        «...     2  lbs. 

Powder,  cylinder-mealed 1  ft. 

Saltpetre,  pulverised        .         .         *        .         .6  fts. 

The  case  being  thoroughly  dry,  the  bottom  is  turned  in  with  a  brass  pricker, 
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to  fonn  a  good  bottom.  It  ii  Uisn  pluMd  ia  tho  manld  with  tlie  aetttng  drift  in  it| 
vhich  ii  drirni  to  tha  bottom  of  the  «ue  with  »  tew  blow*  of  th*  nwUet;  Um 
maaM  is  then  icrewed  np  tight,  and  the  diitl  taken  out.    A  wooden  oap)  to  prsrent 


t 


IS.  Woodsn  cap. 
M.  HuDdlgrtir 


Q 


3  a  0  5 


<~? 


,^ 


wute  of  tho  eonpoiitlon,  la  placed  on  the  month  of  the  cxe,  ahore  tha  top  of  the 
motild,  and  tha  case  ii  ent  off  lerel  with  the  iodde  of  the  eapi  aad  apeaed  witii  a 
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irooden  Gd,  to  admit  U>«  drifL  CanmenM  driting  b;  taking  a  Udlefnl  of  eompoaiUon 
and  the  loDgest  drift,  giring;  it  fifteen  blows  iritb  a  lO-lDch  faie  mallet :  vhen  tha 
eompodtioa  u  high  enaugh,  the  aecond  drift  is  need,  and  anenrardi  the  Uiird  and 
fourth.  When  t^  portSFe  is  drireo,  the  cap  is  taken  o^  u)d  the  caM  eat  off  lerel 
-irith  tbe  monld.  Fart£r«a  are  primed  with  mealed  powder  and  ipiriti  of  wine,  and 
TeceiTe  two  ooata  of  paint  before  thej  are  inusd  for  aerriee. 

Note. — A  common  portfire  will  born  BIleeB  miontes. 

The  casee  are  made  of  ugnal-roeket  paper,  folded  and  cat  id  the  aame  manner  a* 
for  i-lh,  signal  rockets.  The  paper  u  thml;  paated  all  orer  and  rolled  on  a  former  ; 
it  ]» then  taken  off  the  former  and  dried,  and  one  end  turned  in  to  form  the  bottom, 
and  aAerwaids  cat  to  the  length  of  10|  inches.  The  oollan  and  cap*  are  made  of  the 
same  kind  of  paper  at  the  cases,  and  rolled  on  a  wooden  former  1  -3  inch  in  diameter, 
and  broogbt  ap  to  the  l-A.  signal  rocket  cjtinder-gange.  The  piece  formed  for  the 
cap  is  choked  at  one  end,  tied  with  Ontoh  thread,  and  trimmed  with  a  sharp  knife  to 
fbnn  a  neat  roae.  On  the  top  It  is  ont  to  the  length  of  2  S  inches :  the  oollan  are  of 
the  same  diameter,  and  cat  to  three-qaarteTs  of  an  inch  long. 

Brimstone,  sablimed 4  fti. 

Powder,  eylinder-mealed      ,        .                 ,     .     1  ft. 
Saltpetre,  palrerised S  fha. 


re  driven  in  a  {-fb.  signal-rocket  moold,  hating  two  screws  at  the 
eighteen  blows 


These  portfires 
bottom  to  aecnre  it 
are  giten  to  each  ladlefiil  of  com- 
position with  a  ponnd  aignol-rocket 
mallet.  When  the  composition  is 
within  half  an  inch  of  the  top  of 
the  case,  the  portfire  U  taken  ont 
oF  the  moold  and  cat  to  the  length 
of  9^  inches.  The  edge  of  the 
ease  is  trimmed  a  little  lower  ttian 
the  composition,  so  as  to  form  a 
roond  top.  A  tin  point  or  cone, 
'■  filled  with  redo,  is  fitted  to  the 
bottom  or  tnmed-in  end,  monldJng 
the  clipped  parts  orar  with  kitted 
twine,  and  pasting  a  slip  of  fine 
white  piper orer  it;  the  collar  is 
glned  on  at  the  mark  made  bf  the 
gange.  When  diy,  the  laper  cap 
is  fitted  on,  and  thej  recciTO  two 
eoataof  paint. 

The  pennuaiou  priming  is  added 

to  these  portfires  at  the  itationi  

where  the?  are  nsed  {prindpall; 

for  tiie  Coast- Qoard),  and  is  rimpi;  a  small  glass  globule  cont^ning  nlphule 

add.     This  is  imbedded  in  loose  composition,  which  ignites  on  the  globule  being 

broken. 

tfott. — A  percussion  portfire  will  bnm  fire  minntes. 

The  casca  are  made  of  fine  white  paper  }ij  cutting  the  sheet  into  six  equal  parts ; 
one  of  Uieae  part*  i*  thinlf  pasted  about  Jths  of  an  inch  on  one  edge,  and  rolled 
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^«ft/(re»,  Slow, 


tightly  on  an  iron  former;  when  thia  is  infficientljr  done,  they  are  laid  to  dry,  preriom 
to  filling. 

Saltpetre,  pnlveriaed 80s. 

Solphnr,  lublimed 80B. 

Powder,  cylinder-mealed lib. 

A  copper  funnel  is  placed  in  the  month  of  the  caae,  turning  in  the  other  end  to 
form  a  bottom.  Fill  the  funnel  full  of  composition,  and  put  the  drift  through  into 
the  case,  keeping  it  moving  till  it  is  nearly  full.  Theae  cases  may  be  joined  together, 
to  make  any  length  required,  by  cutting  off  the  end  that  was  turned  in,  and  placing 
it  in  the  mouth  or  open  end  of  another  case,  and  securing  it  with  a  piece  of  IHitcli 
thread. 

Miners*  portfires  are  packed  for  store  in  brown-paper  parcels  containing  100  each. 

The  paper,  which  is  called  blue  sugar-loaf  paper,  is  wetted  by  dissolring  12  onncea 
of  saltpetre  in  one  gallon  of  water ;  each  sheet  is  wetted  separately  on  both  sidea 
with  a  brush,  one  side  being  dried  before  the  other  is  made  wet :  when  both  aides  «re 
thoroughly  dry,  they  are  to  be  well  rolled  with  a  rolling  board  until  they  are  hard  and 
solid  ;  the  outer  edge  is  then  pasted  and  laid  closely  down.  In  rolling  theae  portfires, 
one  end  should  be  formed  conical,  and  the  other  cut  off  £air  to  the  length  of  19  inches. 

Slow  portfires  bum  from  three  to  four  hours  each. 

Congrere  rockets  are  of  four  different  natures,  tIx.  24-pr.,  12,  6,  and  S'prs.  The 
cases  are  made  at  the  Laboratory,  of  wrought  iron,  and  although  upon  a  much  laiiger 
scale,  are  driyen  upon  the  same  principle  as  signal  rockets.  The  power  is  given  by 
the  fall  of  what  is  termed  a  monkey,  the  weight  of  which  is  in  proportion  to  the 
nature  of  the  rocket  to  be  driven. 

Congreve  rockets  may  be  used  either  as  shot  or  shell  rockets,  and  the  shell  made  to 
burst  either  at  long  or  short  ranges,  as  required.  Every  rocket  is  fitted  with  a  fuse 
screwed  into  the  base  of  the  shell ;  this  fuse  is  as  long  as  the  sise  of  the  shell  will 
admit  of,  so  as  to  leave  sufficient  space  between  the  end  of  it  and  the  inner  snr&oe  of 
the  shell,  for  putting  in  the  burstbg  powder  ;  and  the  end  of  the  fuse  is  cupped,  to 
serve  as  a  guide  in  the  insertion  of  the  boring-bit.  There  is  a  hole  in  the  apex  of  the 
shell,  secured  by  a  screw  metal  plug,  for  putting  in  the  bursting  powder  and  for  boring, 
according  to  the  different  ranges  at  which  it  may  be  required  to  burst  the  shell. 

The  following  stores  and  implements  form  part  of  the  present  Rocket  Squipm^ta  : 

Bursting  powder,  fine-gram,  made  up  in  bags,  and  marked  according  to  the  nature 
of  the  rocket. 

Funnels  fur  loading  the  sheUs. 

Boring  stocks  or  braces. 

Boring-bits,  of  the  same  diameter  as  the  fuxe  composition,  fitted  with  brass  gradn- 
ated  scales,  and  of  a  length  sufficient  to  bore  to  within  1|  inch  of  the  top  of  the 
cone  in  the  24-pr.  rocket,  and  to  within  1  inch  of  the  top  of  the  cone  in  the  12, 
6,  and  8-prs. 

Tumscrew-bit  for  the  plug. 

Grease  for  the  boring-bits. 

In  Field  Service,  the  bursters  are  carried  in  the  limber-boxes,  in  canvas  cartouches 
umikir  to  those  in  which  the  field  ammunition  is  carried,  and  the  small  stores  in  a  box 
on  the  body  of  a  carriage  opposite^  and  corresponding  to  the  slow-match  box. 

For  Her  Majesty's  Ships  of  War,  the  bursters  are  issued  in  the  metal-lined  cases  of 
the  Service,  and  the  small  stores  in  a  box  made  for  the  purpose. 

For  Garrisons  or  other  occasional  demands,  the  bursters  are  issued  in  the  packing 
eases  now  in  the  Service,  and  the  small  stores  in  a  box  made  for  the  purpose. 
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^  ^^^*     ^^  ^^  rocket  is  to  be  used  as  a  shot  rocket^  the  only  thing  to  be  attended  to  is  to 
1.  take  care  that  there  is  no  powder  in  the  shell,  and  that  the  plug  is  secured  in  the  plug- 

hole.    If  the  rocket  is  to  be  used  as  a  shell  rocket  at  the  longest  range,  the  plug  is  to 
be  taken  out  and  the  shell  filled,  the  fuze  left  at  its  fall  length,  and  the  ping  rephiced. 

If  at  the  shortest  range,  the  fiue  is  to  be  entirely  bored  through,  and  the  rocket 
composition  bored  into,  to  within  I4  inch  of  the  top  of  the  cone  in  the  24-pr.  rocket, 
and  to  within  1  inch  in  the  12,  6,  and  3-pr.  rockets.  The  distances  from  the  surface 
of  the  shell  to  the  top  of  the  cone,  and  from  the  sur&ce  of  the  shell  to  the  end  of  the 
fuze,  and  also  the  length  of  the  faze,  being  fixed  and  known,  the  place  on  the  boring- 
bit  at  which  to  screw  the  stopper,  whether  for  Yarious  lengths  of  fuzes,  or  lengths  of 
rocket  composition  to  be  left  over  the  cone,  is  easily  determined  :  these  distances  are 
marked  on  the  brass  scales  for  each  natare  of  the  rocket ;  and  the  length  of  rocket 
composition  arailable  for  boring  into,  and  the  lengths  of  fuse,  are  also  set  off  and  sub- 
divided  into  tenths  of  an  inch. 

2i'P(mndcr8. — If  the  whole  length  of  the  fuze  is  left  in  the  shell  of  the  24-pr. 
rocket,  it  may  be  expected  to  burst  at  about  3300  yards  ;  elevation  47  degrees. 

If  the  whole  of  the  fuse  composition  is  bored  out,  and  the  rocket  composition  left 
entire,  the  shell  may  be  expected  to  burst  at  about  2000  yards ;  elevation  27  degrees. 

If  the  rocket  composition  is  bored  into,  to  within  1*5  inch  of  the  top  of  the  cone, 
the  shell  may  be  expected  to  burst  at  about  700  yards ;  elevation  17  degrees. 

12'Pounder8, — If  the  whole  length  of  fuze  is  left  in  the  shell  of  the  12-pr.  rocket, 
it  may  be  expected  to  burst  at  about  3000  yards ;  elevation  40  degrees. 

If  the  whole  of  the  faze  composition  is  bored  out,  and  the  rocket  composition  lefc 
entire,  the  shell  may  be  expected  to  burst  at  about  1300  yards  ;  elevation  20  degrees. 

If  the  rocket  composition  is  bored  into,  to  within  1  inch  of  the  top  of  the  cone, 
the  shell  may  be  expected  to  burst  at  about  500  yards  ;  10  degrees*  elevation. 

S'Pounders, — If  the  whole  length  of  fuze  is  left  in  the  shell  of  the  6-pr.  rocket^  it 
may  be  expected  to  burst  at  about  2300  yards  ;  37  degrees*  elevation. 

If  the  whole  of  the  fuze  composition  is  bored  out,  and  the  rocket  composition  is  left 
entire,  the  shell  may  be  expected  to  burst  at  about  050  yards  ;  elevation  15  degrees. 

If  the  rocket  composition  is  bored  into,  to  within  1  inch  of  the  top  of  the  cone, 
he  shell  may  be  expected  to  burst  at  about  500  yards ;  elevation  10  degrees. 

Z'Pounder8,—li  the  whole  length  of  the  fuze  is  left  in  the  shell  of  the  3-pr. 
rocket,  it  may  be  expected  to  burst  at  aboot  1850  yards ;  elevation  25  degrees. 

If  the  whole  of  the  faze  composition  is  bored  out,  and  the  rocket  composition  is  left 
entire  the  shell  may  be  expected  to  burst  at  about  750  yards ;  elevation  12  degrees. 

If  the  rocket  composition  is  bored  into,  to  within  1  inch  of  the  top  of  the  cone, 
the  shell  may  be  expected  to  burst  at  about  500  yards ;  elevation  8  degrees. 
t,  Signal.  Signal  rockets  are  of  two  natures,  viz.  1-Ib.  and  i*Ib.  rockets.  The  cases  are  made 
of  sheets  of  strong  paper,  which  are  2  feet  5  inches  in  length  and  1  foot  11  inches 
in  width.  They  are  tamed  upon  a  brass  turner  by  taking  one  turn  round  it,  and 
keeping  the  paper  very  tight  with  the  left  hand ;  it  is  then  pasted  thinly  within  3  or 
4  inches,  and  rolled  up.  The  case  is  then  next  taken  to  a  press  and  rolled,  by  turning 
it  round  lightly  at  first,  until  it  is  set  to  the  former.  A  weight  is  put  on  the  press, 
and  the  former  turned  by  the  handle  until  it  is  of  proper  size  to  admit  the  case  passing 
through  the  cylinder-gauge,  adding  or  reducing  the  paper  as  required.  It  is  then 
removed  fi'Om  the  former  to  be  choked,  which  is  done  by  placing  the  hide  round  it, 
close  up  to  the  cylinder-gauge,  and  pressing  the  treadle  with  the  foot,  working  the  case 
at  the  same  time.  It  is  then  tied  tight  with  six  or  seven  half-hitches  of  packthread. 
Slip  the  gauge  to  the  bottom  of  the  case,  and  set  the  choke  on  a  nipple  by  patting 
in  the  setting  stick,  and  giving  it  eight  or  nine  blows  with  a  mallet.     It  is  then  marked 
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vilh  ■  gMES  to  Ui«  Ungtb  it  ii  to  b«  cn^  miiI,  wb«n  ■uffioicDtlj  6ij,  tbe  eaae  U  md j 

for  drinng. 

Tbe  prooMB  for  fonniiig  >U  idgti*l'tixl«l  ruet  Ii  pndnlj  aimiUr  for  oeb  alM, 
except  is  the  weight  nsed  upon  the  preai,  vhich  it  1  cwb  for  the  1-fb.  neket,  aad 

1  evt.  fra  Uie  l-O,  rocket.     (See  figs.  42  to  49.) 

Saltpetre,  pulTerized 4llw. 

Sulphur,  enblimed ]  Ih. 

Dog-wood  chucoal 1  lb.  8  ox. 

The  chATcokl  ii  pUoed  on  >  tnj  lined  vith  eopper.  Mid  rolled  with  *  gnn-metal 
roller  onlil  it  ie  fine  enough  to  pus  throngh  »  wire  aiera,  17  meahea  to  the  inch. 
The  aaltpetre  uid  aniphar  tn  put  in  »  miiiiig  tr>7,  and  well  unalgamftted  with  a 


4S.  CJrUndai- 


copper  alica,  and  then  peaaad  throngh  *  fine  hiur  ^eve.  The  portion  of  chareotl  ia  next 
spread  thinl;  orer  tlie  tnj,  and  the  other  ingredienia  lifted  oter  it,  the  whole  being 
well  mixed  together  with  tbe  huida.  It  ii  then  puaed  four  timea  throngh  the  wire 
mere,  and  ut;  portion  not  paaaing  mnat  again  be  mbbed  anSdentl;  fine  to  do  >o.  It 
ia  then  taken  np  with  a  copper  ahorel,  and  put  bto  the  compoeitioa  box  readj  tor  nae. 
The  lUp-gaugt  ia  first  pnt  down  to  the  bottom  of  the  caae,  which  ie  marked  with  a 
pricker  throogh  the  hole  in  the  gauge,  on  the  eil^riar  of  the  ease ;  the  diameter- 
gange  ia  then  taken,  and  the  bottom  pin  placed  in  the  hole  made  hj  the  pricker  :  the 
pin,  being  tapped  with  a  mallet,  will  leaTo  an  impieselon  on  the  case  (the  3J  diameter 
mark  bmng  the  length  of  the  spindle).  From  tbe  34  diameter  to  the  4^  solid,— from 
the  H  BoUd,  I  of  a  diameter,  daj  ia  diiven  in  tbe  wme  waf. 
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Tkt  teUingdrift  u  Uian  uuerted,  tnd  the  oat  b«>ten  vith  ft  light  nftllet  to  remott 
the  put«  from  the  (iir&ot,  pnrioui  to  moulding.  The  cue  i«  placed  in  the  nuiutd, 
■nd  set  en  the  ipbdle,  repltdag  the  iettiiig  drift,  »nd  {pnng  it  a  feir  blow*  with  the 
mallet  IFhe  mould  ii  nrewed  tight,  and  the  driTing  commenced  bjr  taking  a  btdlefii] 
of  compodtion  from  the  box,  ud  itriking  it  off  lerel  vith  the  bar  acnua  the  boi,  foe 
the  pnrpoae.  On  turning  it  into  the  ease,  take  the  longest  hollow  drift,  and  with  the 
mallet  giro  it  the  regulated  niimber  of  blows,  rii.  25  btows  for  eacli  Udlefol  foi  the 
1  Bi.  rocket  and  21  blows  for  the  k  Ih.  rocket,  moTing  the  drift  at  CTerr  blow.  The 
driTiDg  is  continned  b;  putting  in  a  freah  ladiefal,  and  repeating  the  nnmber  of  blows 
imti]  the  second  hollow  drift  reaches  the  fixe  of  the  composition,  talung  eaie,  in  again 
driring,  to  clear  ont  tlie  drift  eTcrjr  time  of  putting  in  fnih  eonpoaition.  When  the 
latter  is  high  enougb,  take  tlis  next  drift,  and  so  continns  until  the  sjandle  U  eorered, 
which  is  known  bj  pntting  in  a  copper  scoop ;  and  if  the  ipindle  Is  not  felt,  the  solid 
drift  is  taken  till  the  composition  has  reached  the  i\  diameter  mark.  If  the  compo- 
sition is  to  its  height,  put  in  a  ladlefnl  of  elaj,  and  gira  it  the  same  nnmber  of  blows 


as  are  required  for  the  compaction.     For  the  1  lb.  rockets,  fbnr  drifts  are  used,  tod 

for  the  t  lb.  rockets,  three  drifts. 

The  racket  is  then  unmoulded  b;  loosening  the  screws  and  taking  out  Uie  pin. 
riace  the  bridle  on  the  case,  turning  it  to  the  right,  to  preTent  unscrewing  the  spindle  : 
the  rocket  is  then  read;  for  finisliing. 

The  paper  is  cut  to  the  proper  site  and  shape,  and  for  the  projecting  heads  there 
are  two  papers :  one  is  rignal-tocket  paper,  soaked  in  vater  and  pasted.  The  rocket 
ring  bebg  placed  on  the  fonner,  the  paper  is  wrapped  round  it,  and  choked  with 
Dutch  tht«ad  in  the  groore  of  the  ring.  The  other  paper,  which  is  wrapping  paper, 
Ii  est  longer  and  pasted  on,  and,  when  dr;,  notched  ronnd  ttie  top  to  ooTer  the  itan. 
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The  cylinder  heads  are  made  of  rocket  paper,  all  in  one  piece,  pamng  twice  round 
the  former,  and  haying  four  strips  cnt  in  the  part  which  first  pasaes  roond  it ;  thea 
pasted  and  rolled,  and,  when  dry,  notched  in  the  same  way  as  the  projecUng  heads. 
For  making  the  cones,  cnt  oat  half  a  circle  of  rocket  paper,  and  paste  it  in  the  same 
manner  as  for  the  cylinders,  and  again  a  second  piece  oTer  that,  and  notched  for 
fixing  them  to  the  cylinders. 

The  cylinder  gange  is  put  on  the  rocket  even  with  the  mark  that  denotes  the  height 
of  the  clay.  If  the  rocket  does  not  fit  the  gauge  tight,  a  slip  of  paper  is  pnt  in  to 
make  it  so  ;  then  with  a  knife  cut  off  what  remains  of  the  case.  The  gauge  is  then 
pushed  down  to  the  4}  diameter  mark  :  cut  off  about  three  or  four  thicknesses  of  the 
paper,  and  peel  if  off  until  it  will  fit  the  cylinder ;  then  with  a  Beimer  bore  a  hole 
through  the  clay,  up  to  the  surface  of  the  composition  :  the  cylinder  is  then  glued  on. 
The  bursting  powder  is  next  put  in  :  3  drs.  for  a  1-Ib.  rocket,  and  2  drs.  for  a  i  15. 
rocket.  The  stars  are  then  placed  in  rows,  a  circle  of  stiff  paper  placed  orer  them, 
and  the  fringe  and  a  circle  of  fine  paper  pasted  over  all.  The  cone  is  then  pasted  on, 
and  coTcred  with  a  slip  of  light  blue  paper  :  it  is  then  primed  with  spirits  of  wine  and 
mealed  powder,  and  is  ready  for  service.  Signal  rockets  for  Naval  Service  have  two 
coats  of  white  paint. 

Saltpetre,  pulverised Bfbs, 

Compodiion  for  Sulphur,  sublimed 2  lbs. 

making  start  for  Antimony,  pounded 2  tbs. 

Cylinder-mealed  Powder        .        .         .         .     1  lb. 

Isinglass 3  oz.  8  dr. 

Vinegar 1  quart. 

Spirits  of  Wine 1  pint. 

The  antimony  and  saltpetre  are  first  well  mixed  together  with  a  slice,  and  when  all 
of  one  colour,  it  is  passed  three  times  through  a  hair  sieve.    The  isinglass  and  vinegar 
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58.  Star  mould. 

60.  Cylinder 
former  for 
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heads. 
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heads. 
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m  pot  into  a  pot^  uid  placed  OT«t  a  alov  fire  ontil  all  ihe  bbglas*  baa  diuolred ; 
th«  pot  ii  (ken  remotcd  from  the  Ere,  and  the  ipirita  of  vine  added,  and  well  etlrred 
together  with  a  atidc  A  portion  of  the  dry  eomposiUon  is  then  put  into  »  copper 
pan,  and  a  part  of  the  liqaor  alio,  mixing  them  veil  together  till  it  is  damp  enoagh 
to  adhere  b;  the  presinre  of  the  band.     The  bottom  of  tbe  traj  in  which  the  stnra 


CZ) 
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are  i^aoed  ii  dnated  with  mealed  powder,  A  portion  of  the  eompoution  ii  then  laid 
on  a  board,  and  placing  the  end  of  the  former  which  haa  the  ipindle  into  the  monld, 
•trike  it  into  the  componlion,  and  mb  the  end  on  the  board.  Tun  the  farmer  in 
the  mould,  and  withdraw  it,  and  insert  the  longest  end  and  displace  the  star.  The 
Stan  are  then  primed  with  mealed  powder  b;  being  tnnied  ia  the  traj,  and  the  pow- 
der shaken  over  tbem  nntjl  all  are  light);  oovered  :  Ibej  are  then  aet  adde  to  drj, 
until  fit  for  dbc. 

J^al«.— The  head  of  ■  l-Jb.  rocket  contains  36  etan,  and  that  of  the  l-tb.  rocket, 
2t  tiara. 

Tnbes  are  of  fonr  diaerent  natnrei,  tU.  Common  Qnill  and  Datch  or  Paper  Tabes, 
for  Sxeraise,  and  Brass,  Detonating  and  Friction  Quill,  and  Frietioa  Copper  Tabes, 
for  Berrice. 

The  quills  are  passed  throngh  a  gauge  S-lOthi  of  an  inch  in  diameter,  and  are  then 
rounded,  with  the  back  of  a  pair  of  sciaaot*,  on  a  board  for  the  purpose.  Aa  maoh 
onlj  of  the  point  is  cut  off  as  will  admit  the  drill  without  iplitllDg  the  qnill,  which  is 
cut  to  3  inehei  in  length.  The  quill  is  next  placed  in  a  spring  press,  and  with  a 
MTen-bladed  knife  about  half  an  inch  from  the  large  end  is  alit,  and  the  prongs 
turned  back  with  the  GogeiB;  thou  with  a  needle  and  worsted  worked  over  and 
under  each  prong  all  round  till  it  is  large  enough  to  form  the  cup,  which  is  abont 
T-lOths  of  an  inch  in  diameter. 
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Mealod  powder  is  damped  with  spirito  of  wine  in  a  copper  pan,  and  the  tabe  atmek 
twice  into  the  powder,  and  then  rammed  in  hard  with  a  brass  drift.  Thin  ia  oon- 
tinned  till  the  tnbe  ia  filled,  aft^r  which  a  brass  piercer  (No.  19  win)  is  forced  op  the 
tube,  and  tamed  round  at  the  same  time,  till  a  hole  is  made  through  the  centre. 


74.  spring  preia. 

75.  SUttlDg 
knife. 

70.  Rounding 
bonrd. 

77.  Gauge. 

78.  DrUL 
70.  Ptoroer. 


Fig.  80. 


] 


Ihitoh  or  paper 
ubes. 


They  are  primed  by  mealed  powder,  damped  in  spirits  of  wine^  being  rubbed  into 
the  cup,  which  is  afterwards  dipped  in  dry  mealed  powder,  and  the  tube  again  pierced, 
nsing  No.  21  wire.  They  are  then  laid  by  to  dry,  and  afterwards  capped  by  a  piece 
of  paper  being  twisted  oyer  the  cup. 

Note, — They  are  packed  in  bundles  containing  100  each. 

The  barrels  are  formed  of  slips  of  whited -brown  paper,  5\  inches  long  and  2  inches 
wide.  These  are  thinly  pasted  over  and  formed  on  a  wire  former ;  they  are  then 
rolled  between  two  boards,  and  afterwards  laid  by  to  dry.  The  barrels  are  next  dry- 
rubbed  between  the  same  boards,  to  make  them  round,  and  then  cut  to  lengths  of 
1}  inch.  The  tube  is  then  put  on  a  cupping  wire,  and  the  cup  formed  with  a  slip  of 
paper,  cut  4-10ih8  of  an  inch  wide  and  17  inches  long.  The  wire  is  held  !n  the  left 
hand,  and  the  slip  between  the  finger  and  thumb  of  the  right,  and  laid  on  a  board 
and  thinly  pasted ;  the  edge  of  the  paper  is  gradually  raised  so  as  to  fi)rm  a  cup. 
They  are  then  x)ainted  twice,  to  make  them  strong  before  being  filled. 

They  are  filled  in  precisely  the  same  manner  as  common  quill  tubes. 

A  thick  paste  is  made  of  mealed  powder  and  spirits  of  wine  ;  the  piercer  is  put 
through  the  top  of  the  tube,  about  a  quarter  of  an  inch,  which  is  then  plastered  so  as 
to  form  a  cone.  Dry  mealed  powder  is  rubbed  in  upon  it,  and  a  cap  made  of  fine 
paper  put  over  the  cup.  The  cap  is  dipped  in  a  solution  of  saltpetre,  and  choked 
under  the  cup. 
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Fig.  n. 
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Dftting  or 

i-heftded 
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tion  tube, 
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The  qnills  of  the  detonating  tabee  are  prepared  in  the  firat  instance  in  the  same 
manner  aa  common  tabes,  but  the  small  ends  are  not  cut  off,  as  in  the  latter.  They 
are  cut  to  2)  inches  in  length,  and  are  without  cups.  A  small  hole  is  bored  with  a 
lathe  through  the  quill,  about  1-1 0th  of  an  inch  from  the  top  of  the  large  end. 
Small  or  pigeon  quills  are  also  prepared  for  the  arms  to  receire  the  detonating 
composition.  These  are  cut  to  )  of  an  inch  in  length  (the  small  eAd  is  not  cut), 
and  a  small  hole  is  bored  in  the  centre,  to  communicate  the  composition  to  the  body 
of  the  tube. 

The  body  of  the  tube  is  filled  precisely  in  the  same  way  as  common  tubes. 

The  cross  or  arm  is  filled  solid  with  the  following  composition,  which  must  be 
occasionally  damped  with  spirits  of  wine  and  gum-water. 

Chlorate  of  potassa    .  .48  parts. 

Cylinder  mealed  powder  .        .     .       4    „ 

Antimony ^^    $» 

Sulphur 4 

Qlass,  finely  pounded  .        .        .13 


»i 


If 


The  cross  is  then  placed  in  the  holes  at  the  top  of  the  body  of  the  tube,  and  fiutened 
with  waxed  silk.  The  vacancy  on  the  top  of  the  body  is  filled  with  fine-grained 
powder,  and  plugged  up  with  a  small  portion  of  putty.  Lastly,  the  head  of  the  tube 
is  dipped  into  a  yamish  composed  of  shell-lac  and  spirits  of  wine. 

Note, — (}reat  care  is  required  in  mixing  the  abore  composition,  as  it  will  some- 
times ignite  eren  in  mixing  with  a  wooden  slice.    The  antimony  and  glass  are  first 

Fig.  82. 


6 


separately  pounded  in  a  mortar,  and  then  mixed  together  with  the  chlorate^  in  paper, 
small  quantities  at  a  time. 

Fig.  83. 


The  principle  of  both  friction  tubes  is  the  same,  the  body  of  the  tube  is  filled  as 
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Piietion  tubo, 
Bopper. 


BfSMtabei, 
Mmmoii. 


before  with  mealed  powder,  and  the  upper  part  with  a  composition,  which  igaitei  in 
consequence  of  the  friction  produced  by  drawing  through  it  a  piece  of  rough  copper 

firmly  imbedded  in  it  for  that  parpose. 

Fig.  84. 


The  body  is  formed  of  the  same  dimensions  as  common  quill  tubes,  and  with  a 
cup,  also  of  brass,  to  receive  the  priming. 

Fig.  85. 


They  are  filled  precisely  the  same  as  common  quill  tubes. 

Note. — The  barrel  or  body  of  every  tube  is  of  the  same  diameter,  tiz.  2-lOihs 
of  an  inch. 

APPENDIX   I.* 

Of  Fulminating  Compositiont  used  in  Military  Pyrotechniet, 

There  are  but  two  distinct  kinds  of  these  compositions  used  in  Military  Pyrotech- 
nics ;  one  in  which  the  fulminate  of  mercury  is  either  the  sole  ingredient,  or  one 
which  the  composition  contains.  The  other  kind  is  that  in  which  chlorate  of  potassft 
furnishes  the  detonating  principle,  and  is  combined  with  various  combustibles  ;  in  one 
case,  with  fulminate  of  mercury. 

Chlorate  of  potassa  is  not  a  combustible  ;  its  office  is  to  furnish  oxygen,  a  supporter 
of  combustion,  as  is  that  of  nitrate  of  potassa  (saltpetre). 

Both  the  nitrate  and  the  chlorate  of  potassa  furnish  oxygen  in  equal  volumes  ;  but 
though  the  quantity  of  oxygen  is  the  same  in  each,  that  in  the  chlorate  of  potassa, 
being  combined  with  its  base  in  feeble  affinity  compared  with  that  in  saltpetre,  ia 
readily  disengaged  by  several  means  which  will  be  noticed. 

In  the  French  and  most  other  Artillery  Services  (our  own  excepted),  fulminate  of 
mercury  is  the  chief  ingredient  in  all  military  detonating  compounds,  to  the  exclusion 
of  chlorate  of  potassa. 

Musket  caps  in  the  British  Service,  are  primed  with  a  composition  including 
chlorate  of  potassa,  with  the  fulminate  of  mercury  and  other  sensitive  combustibles, 
besides  the  fulminate  of  mercury,  t 


*  By  M(\jor-Qea.  Stevens,  late  Royal  Moi-ine  Artillery. 

t  The  detonating  material  for  Freuch  musket  caps  is  composed  of  two  pirts  of  the  fUlminate 
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Cannon  tubes  are  primed  in  the  detonating  part  with  a  miztnre  of  chlorate  of 
potassa  and  snlphnret  of  antimony. 

Both  of  these  compositions  mny  be  exploded  bj  the  direct  application  of  fire,  by 
heat  not  greatly  exceeding  300  degrees,  by  the  action  of  concentrated  nitric  and 
snlphuric  adds,  by  friction,  and  by  moderate  percussive  force. 

In  preparing  fulminating  compounds,  numerous  accidents,  having  serious  or  fatal 
results,  have  happened  even  to  scientific  men  and  experienced  manipulators  :  tbese 
accidents  manifest  that  great  caution  is  requisite  to  handle  any  of  the  fulminates  with 
safety ;  but  though  perhaps  it  is  too  much  to  assert  that  any  precaution  will  wholly 
avert  accidental  explosions,  yet  a  due  observance  of  all  the  precautions  well  under- 
stood in  a  properly  regulated  Laboratory  will  not  only  reduce  them  to  rare  occurrences, 
but  deprive  them  of  fatal  or  very  serious  results.  However,  a  safe  and  efficient 
knowledge  and  expertness  of  working  with  the  sensitive  materials  here  spoken  of 
can  only  be  acquired  by  instruction  and  practice  in  a  Laboratory. 

These  fulminates,  when  exploded,  generally  fail  to  ignite  gunpowder  which  may 
be  lying  near,  or  eren  touching  them ;  the  powder  being  blown  to  some  distance  by 
the  force  of  the  exploded  fulminate,  without  being  ignited. 

This  is  usually  accounted  for  by  supposing  the  velocity  of  the  flame  of  the  fulmi- 
nates is  too  great  to  permit  suffident  heat  to  be  communicated  to  the  adjacent 
combustible  ;  as  an  electric  spark  may  be  passed  through  a  heap  of  gunpowder  harm- 
lessly, but  which  instantly  explodes  if  the  electric  fire  be  arrested  in  its  passage. 

Cannon  tubes  and  musket  caps  are  the  only  cases  in  which  fulminates  are  used 
in  the  British  Service,  except  some  signal  portfires  which  are  prepared  for  the  Coast- 
Guard  Service ;  these  are  primed  with  a  mixture  of  chlorate  of  potassa  and  sugar  : 
having  placed  on  it  a  small  glass  bubble  containing  a  drop  of  sulphuric  acid,  and 
hermetically  closed,  a  thin  paper  is  pasted  over  to  keep  this  priming  in  its  place ; 
the  portfire  can  then  be  lighted  by  breaking  the  glass  bubble  with  any  hard  substance^ 
when  the  mixture  of  the  chlorate  and  sugar  ignites  and  the  portfire  is  lighted. 

This  ready  and  convenient  mode  of  lighting  is  a  temptation  to  extend  an  application 
of  fulminates  to  blue  lights,  light  balls,  portfires,  and  many  other  military  pyrotech- 
nics ;  but  the  danger  and  uncertainty  of  the  above  compositions  should  peremptorily 
exclude  this  dangerous  and  unnecessary  extension  of  their  use. 

There  are  other  safe  and  convenient  means  by  application  of  the  common  musket 
cap,  which,  being  always  at  hand,  obviates  the  necessity  of  fixing  permanent  percus- 
sion primings  on  signal  lights  and  other  military  fire  compositions.  The  musket  cap 
may  be  fired  in  any  manner  that  will  bring  it  in  contact  with  the  priming  of  the 
composition,  when  ignited,  as  a  tube  somewhat  resembling  that  used  for  firing  rockets 
in  the  field,  or  a  French  briUe  amorce^  or  even  a  circular  plate  of  iron  about  2  inches 
in  diameter,  having  a  nipple  in  the  centre  for  the  cap,  which,  bdng  ignited  by  a  blow 
of  Any  hard  substance,  at  once  lights  the  fire-work  if  placed  close  down  upon  its 
priming ;  or  if  a  few  grains  of  powder  are  required  to  insure  ignition,  a  musket- 
cartridge  will  always  be  at  hand  to  furnish  them.  But  these  subtile  agents  are  so 
sensitive,  and  their  action  so  readily  diverted  or  altogether  arrested,  by  seemingly 
unimportant  alterations,  that  it  is  not  safe  to  affirm  what  will  be  the  result  of  new 


of  mercury  and  one  part  of  pulverised  aaltpotre,  by  weight,  damped  with  yfsXw.—Aide- 
Mimoirt  d'Artilltrit,  p.  183. 

The  composition  for  French  cannon  tubes  in  two  parts  of  IVilminate  of  mercury  and  twoof 
mealed  powder,  intimately  (but  carefully)  mixed  together,  then  formed  into  a  paste  by  rooars 
of  diatilled  water  ^hUy  impr^piated  with  gum-arabio.'i4ide-Afe^oire  iVAdUUrie  Navalf, 
p.  273.  ■       ^ 
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applications.     Little  can  with  certainty  be  inferred,  and  eaoh  altenUoa  thonld  be 
received  only  vheu  it  has  been  abundantly  tested  by  experiment. 

In  decorative  and  recreative  fire-works,  chlorate  of  potaasa,  falminating  merenry, 
and  even  more  sensitive  fulminates,  are  employed. 

The  brilliant  purple,  crimson,  and  green  stars  thrown  from  the  heads  of  rockets 
caimot  be  made  without  either  the  fulminate  of  mercury  or  chlorate  of  potaasa 
entctiDg  into  their  constituents  ;  but  these  complicated  though  beautiful  compoaitiona 
are  of  so  dangerous  a  nature,  that  no  consideration  should  admit  them  into  Btorea  or 
magazines,  or  on  board  ships ;  since  they  are  not  only  liable  in  a  higher  degree  to 
the  accidents  pointed  out,  but  are  liable  to  take  fire  by  what  is  termed  spontaneous 
combustion,  particuUrly  when  exposed  to  a  hot  and  humid  atmosphere,  as  aevend 
accidents  from  them  have  proved. 


NoTB. — The  advantages  claimed  for  the  following  invention  are  of  so  important  a 
character  for  modern  fire-arms,  that  it  seems  only  right  to  draw  attention  to  it^  in 
order  that,  if  found  correct,  it  may  be  used ;  and  if  otherwise,  such  alterations  or 
improvements  may  be  suggested  as  shall  render  the  invention  really  Talnable. — 

EOITOR. 

PBEFABATlOlf  07  GuKPOWDER  70A  LoADINQ  O&DRAKOK  AKD  SXJLLL  AbXS. 

A  method  has  lately  been  patented  by  Captain  J.  H.  Brown,  R.N.,  for  forming 
common  gunpowder  into  a  hard  compact  mass,  so  as  to  allow  a  small  space  of  air 
between  the  grains  in  order  to  obtain  greater  rapidity  of  ignition. 

In  the  specification  the  inventor  gives  the  following  explanation  of  the  method  of 
procedure  : — 

''In  preparing  the  gunpowder  I  employ  a  solution  of  spirit  or  fluid  which  will  not 
prejudicially  act  on  the  gunpowder,  containing  an  admixture  of  gnmaoeons  or  adhesive 
matter,  and  deposit  the  same  in  moulds  of  brass,  gun-metal,  or  other  suitable 
material  of  the  necessary  form  and  size  for  containing  the  required  charge,  and  by 
the  application  of  pressure  I  compress  it  into  a  cake  or  charge.  I  regulate  the 
pressure  so  as  to  bring  the  grains  of  powder  into  close  contact,  and  Cftose  them  to 
adhere  together  without  destroying  the  granulations. 

*'The  solution  I  prefer  to  employ  is  prepared  as  follows  : — I  take  at  the  rate  of 
one  pound  of  clean  picked  gum  arable,  and  make  a  mucilage  by  dissolving  it  in  two 
pounds  of  cold  water ;  I  also  dissolve  a  quarter  of  a  x)Ound  of  nitrate  of  potaah  in  five 
times  its  weight  of  cold  water,  which  I  add  to  the  mucilage  of  gum  arable,  and  when 
intimately  mixeS  I  add  a  pound  of  spirits  of  wine,  and  well  triturate  the  solution 
until  an  uniform  opaque  fluid  is  produced  which  is  fit  for  use.** 

The  advantages  said  to  be  derived  from  the  powder  being  in  a  mass  are  the 
following : — 
First,  That  with  a  breech-loader,  the  loose  grains  of  powder  which  produce  lo  much 

damage,  are  done  away  with  by  this  means. 
Second,  With  a  muzzle -loading  rifle,  the  grains  of  loose  powder  are  apt  to  stick  in 
the  grooves  when  the  rifle  is  a  little  foul,  and  thus  the  fouling  is  rapidly  in- 
creased.    With  this  solid  powder  no  such  evil  will  exist. 
Third,  If  it  be  required  to  load  a  rifle  when  lying  down,  with  the  gun  horizontal, 

it  can  be  accomplished  with  this  solid  powder  without  difficult]^ 
Fourth,  To  the  sportsman  no  accidents  are  likely  to  occur  if  this  powder  be  used, 
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saeh  as  the  bnrsUng  of  a  powder-flask  in  the  handB,  as  the  charge  is  dropped 

into  the  muzzle,  and  the  haad  immediately  withdrawn. 
Fifth,  The  solid  powder  can  be  attached  to  the  ballet^  and  the  two  can  be  dropped 

together  into  the  rifle,  and  thus  great  rapidity  of  firing  is  obtained. 
Sixth,  Experiment  has  shown  that  no  priming  is  required,  the  ignition  of  the 

charge  by  the  common  cap  being  instantaneous.     Also  it  is  found  that  with  the 

same  quantity  of  powder  a  somewhat  longer  range  is  obtained  by  the  consolidated 

than  by  the  loose  grained  powder. 

The  expense  will  be  Tery  trifling,  about  five  per  cent,  more  than  the  common 
powder. 


Q. 

QUARRY,*  80  called  from  qnadratarius,  which,  in  the  Latin  of  the  lower  ages, 
was  the  term  applied  to  a  stonecutter,  qui  marmora  quadrat ;  and  hence  quarryf  the 
place  where  he  quadrates  or  cuts  the  stones  in  squares.     This  term  was  originally 
used  to  signify  those  places  where  stone  for  building  purposes  was  procured,  but  its 
application  has  been  extended  to  all  rock  excayations  (except  mines),  for  whatCTcr 
purpose  made.     Quarries  are  generally  opened  and  worked  for  two  purposes  : 
First,  When  it  is  immaterial  what  may  be  the  shape  and  size  of  the  masses  of 
loosened  rock,  as  in  quarries  for  lime,  road  material,  &c.  ;  and  excayations,  such 
as  the  ditches  of  a  fortress  or  cuttings  of  a  railway,  where  the  object  may  be  to 
remoTC  the  stone,  and  not  to  save  it  for  building  purposes  ;  and 
Secondly,  When  the  rock  is  obtained  in  blocks  fitted  for  building  purposes,  in  shapes 
easily  reducible  to  those  forms  which  are  best  adapted  for  the  designs  of  the 
architect  or  sculptor. 
In  either  case,  a  great  object  in  quarrying  operations,  as  indeed  in  all  others,  is 
economy,  or  the  producing  the  greatest  results  with  the  available  means  ;  and  for  this 
purpose  it  is  necessary  to  study  closely  the  formation  of  the  rock  in  which  the  exca- 
vation is  to  be  made,  in  order  to  take  advantage  of  those  natural  flaws  and  divisions, 
where  they  may  exist,  which  will  be  found  materially  to  lessen  the  labour  and  facili- 
tate the  operations  of  the  quarryman.     Under  this  head,  rocks  are  naturally  divided 
into  stratified  and  unstratified.     The  former  includes  a  large  class  of  most  valuable 
building  material,  such  as  the  magnesian  lime,  sand  and  freestones,  millstone  grit, 
Yorkshire  landings,  kc,  ;  many  of  which  can  be  cut  or  forced  from  their  original 
positions  without  the  intervention  of  any  explosive  agent.    The  methods  in  use  for  this 
purpose  vary  in  detail,  but  are  similar  in  nature.     They  reqaire  that  a  sur&oe  of  the 
rock  parallel  to  the  bed  of  deposit  should  first  be  laid  bare,  and  also  that  the  stratam 
or  layer  from  which  the  stone  is  proposed  to  be  taken  should  be  broken  through  or 
disconnected  from  the  genera]  mass,  so  as  to  allow  a  detached  portion  to  be  removed 
by  sliding  upon  its  natural  bed.     Having  marked  on  the  exposed  surface  the  size  of 
the  block  required,  its  separation  is  effected  by  driving  in  rows  of  wrought-iron 
wedges  around  it.    These  are  at  moderate  intervals,  depending  on  the  facility  with 
which  the  rock  can  be  cleaved,  and  are  struck  in  succession  until  at  length  the  open- 
ings made  by  them  extend  from  one  to  the  other,  and  through  the  stratum  :  the  block 
is  then  free  to  slide  from  its  original  position.     Should  the  stratum  be  too  thick  and 


•  By  Colonel  8lmmou«,  C.B.,  R  E. 
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firm  to  Admit  of  a  separation  being  effected  in  this  way,  a  chaxinel  Ib  ■omeiimefl  ent» 
'which  may  extend  in  some  cases,  in  the  form  of  the  letter  V,  to  a  depth  oi  two  or 
even  three  feet,  into  it;  and  the  wedges  are  then  applied  in  the  bottom  of  the 
channel.  This,  however,  wonld  only  be  done  where  the  rock  is  of  a  nature  vhloh 
easily  yields  to  the  cutting  tool  (generally  a  pointed  hammer,  called  a  pich'hamnur). 

Occasionally,  also,  in  rocks  that  are  easily  cleared,  a  row  of  wedges  is  also  introduced 
parallel  to  the  natural  cleavage,  by  striking  which  at  the  same  time  as  the  others  which 
are  upon  the  surface,  the  stratum  can  be  split  so  that  the  block  procured  need  not 
extend  to  the  full  thickness  of  the  stratum.  These  methods  apply  principally  to  the 
second  cose,  that  is,  when  it  is  desired  to  procure  blocks  fitted  for  building  or  other 
purposes  ;  but  it  behoves  the  Engineer,  in  the  event  of  an  excavation  being  required 
n  a  stratified  rock  under  the  first  case,  tIz.  when  the  masses  are  not  required  in 
blocks  of  any  particular  form,  to  ascertain  how  far  he  may  make  use  of  this  system 
with  economy,  instead  of  adopting  the  method  hereafter  described,  when  an  explosive 
agent  is  used.  In  the  case  of  thin  strata  by  nature,  capable  of  being  split  with  fitcility, 
this  system  may  be  applied  under  ordinary  circumstances  :  and  when  the  explodTa 
agent  cannot  be  abundantly  or  readily  procured,  it  may  be  carried  to  a  greater 
extent. 

For  the  purposes  of  quarrying  under  other  circumstances,  that  is,  where  the  rock 
is  unstratified,  or  of  a  nature  not  allowing  it  to  be  readily  cleared,  or  where  the 
natural  divisions  are  so  far  apart  as  to  render  too  laborious  the  application  of 
wedges,  another  system  is  adopted,  by  which  the  rock  is  disrupted  by  explosire 
agencies. 

Two  substances,  gun-cotton  and  powder,  hare  been  used  for  this  object ;  but  as  the 
former  has  not  as  yet  been  brought  into  rery  general  use,  and  cannot  therefore 
always  be  procured, — more  especially  in  the  Colonies,  in  which  are  executed  a  large 
proportion  of  the  works  that  are  intrusted  to  the  direction  of  Officers  of  the  Boyal 
Engineers, — and  as  the  effects  of  it  seem  to  be  somewhat  uncertain,  depending  on  the 
manner  in  which  it  is  applied  and  the  space  in  which  it  is  confined,  and  also^  in  the 
present  state  of  knowledge,  upon  its  not  being  rery  safe  for  general  application  by 
ordinary  quarry  men,  —in  treating  of  this  subject,  the  more  generally  applied  and  better 
understood  explosive  agent,  gunpowder,  will  only  be  considered,  in  which  much 
assistance  has  been  derived  from  an  able  paper  on  'Blasting  Rock,'  written  by 
General  Sir  John  Burgoyne,  E.C.B.,  and  published  in  the  fourth  volume  of  the  Pro- 
fessional Papers  of  the  Corps  of  Boyal  Engineers,  and  also  since  in  the  form  of  a 
rudimentary  treatise,  by  Weale,  to  which  the  reader  is  referred  for  a  more  extensive 
treatise  on  the  subject  than  can  be  giren  in  a  work  of  this  nature. 

It  is  of  the  utmost  impoi-tance  to  select  a  judicious  position  for  the  charge,  with 
reference  to  the  effect  desired  to  be  produced,  and  to  the  economy  of  the  labour 
required  to  place  that  charge,  and  of  the  powder  itself ;  in  determining  which,  the 
following  general  principles  will  be  found  to  apply,  to  which,  however,  sufficient 
attention  is  seldom  yielded,  the  quarrymen  being  often  allowed  to  place  the  charges 
and  determine  the  quantities  of  powder  according  to  their  own  notions,  rery  often 
totally  devoid  of  any  definite  principle. 

In  opening  a  quarry,  the  first  object  to  be  obtained  is  an  exposed  surface,  behind 
which  the  charges  being  placed,  they  will  find  a  less  resistance  than  elsewhere,  and 
will  consequently  force  it  outwards,  removing  the  intervening  matter  from  the  prin- 
cipal mass.  A  vertical  exposed  surface  is  preferable,  as  bemg  the  most  easy  for  the 
quarryman  to  place  his  charge  behind. 

Powder,  when  exploded,  acts  equally  in  all  directions,  and  therefore  if  one  part  of 
the  mnss  ^rronnding  the  charge  be  weaker,  or  offer  less  resistance  than  another,  it 
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mast  yield  to  a  tufficUnthj  powerful  charge.*  The  distance  from  the  centre  of  tlo 
charge,  or  of  explosion,  to  that  point  on  the  surface  at  which  the  elastic  gases  pro- 
daced  by  the  explosion  find  the  easiest  access  to  the  atmosphere,  is  called  the  line  of 
leatt  resistance.  This  will  be  the  shortest  when  the  charge  is  surrounded  by  an 
nniformly  resisting  medium ;  any  inequality  in  this  respect  might  cause  a  much 
longer  line  than  that  drawn  directly  from  the  charge  to  the  surface,  to  be  the  line  of 
least  resistance,  as  when  a  mine  is  imperfectly  tamped,  or  where  rock  and  earth 
surround  the  charge.  Charges  of  powder,  when  their  strength  is  uniform,  produce 
effects  varying  with  their  weight ;  that  is,  a  double  charge  will  move  a  double  mass, 
a  treble  charge  a  treble  mass,  and  so  on ;  and  as  homogeneous  masses  vary  as  the 
cube  of  any  similar  line  within  them,  the  general  rule  is  established,  that  charges  of 
powder  to  produce  similar  results  are  to  each  other  as  the  cubes  of  the  lines  of  least 
resistance.  Hence,  having  determined  carefully  by  experiment  the  charge  to  produce 
a  given  effect  in  a  particular  class  of  substance,  the  charge  to  produce  a  like  result  on 
a  given  mass  of  a  similar  nature  is  readily  determined. 

The  variety  of  substances  acted  upon,  and  the  very  great  varieties  in  the  quality  of 
powder,  render  it  necessary,  in  the  undertaking  of  quarrying  operations,  that  experi- 
ments should  in  all  cases,  when  they  are  of  any  extent,  be  instituted  to  determine 
the  constant  which  should  be  employed  in  calculating  the  charges  of  powder. 

Having  determined  the  place  of  the  charge,  it  is  above  all  things  important 
that  the  line  of  least  resistance,  as  decided  upon,  should  remain  that  of  least 
resistance,  or  that  the  aperture  by  which  the  powder  is  introduced  should  be  so 
secured  or  tamped  as  not  to  allow  an  easier  vent  to  the  elastic  gases  formed  by 
the  explosion  than  this  line,  which  has  been  assumed  in  the  calculations ;  alio  that 
no  natural  flaws  or  fissures  should  be  overlooked,  by  which  the  powder  may  find 
a  venL  This  latter  means  by  which  the  force  of  the  explosion  is  sometimes  lost, 
requires  particular  attention  in  lower  geological  formations,  and  in  stratified  rocks 
will  generally  determine  that  the  line  of  least  resistance  should  be  perpendicular  to 
the  beds  of  the  strata,  and  that  the  hole  for  the  charge  should  be  driven  parallel  to 
the  strata,  and  so  as  not  to  touch  the  phmes  which  separate  them. 

Various  have  been  the  methods  tried  for  tamping  these  holes  ;  but  as  none  have 
been  found  practicable,  which  are  as  strong  as  the  undisturbed  rock,  it  is  evident 
that  the  introduction  of  the  charge  in  the  direction  of  the  line  of  least  resistance 
should  be  avoided  as  much  as  possible,  in  order  to  save  powder,  as  the  full  effect 
due  to  the  powder  can  only  then  be  produced  by  making  such  an  increased  allowance 
for  the  charge  as  will  counterbalance  the  loss  consequent  on  the  diminished  resistance. 

Boring  for  Blasting, — These  apertures  are  made  by  boring  with  iron  rods  called 
borers  or  jumpers,  according  as  they  are  struck  on  their  heads  with  a  hammer 
or  merely  jumped  up  and  down  and  allowed  to  penetrate  the  rock  by  their  own 
weight.  These  are  of  various  sizes,  and  have  wedge-shaped  pieces  of  steel  welded 
to  their  end,  called  bits,  which  are  brought  to  an  edge,  so  as  to  cut  into  the  rock. 
The  holes  may  be  made  in  almost  any  direction,  but  that  which  is  most  advantageously 
worked  is  vertical,  in  which  case  the  weight  of  the  cutting  tool  is  brought  into  useful 
co-operation  with  the  force  employed  to  drive  it.  With  the  jumper  it  is  the  weight 
alone  which  produces  the  effect. 

The  speed  with  which  holes  are  sunk  into  rock  depends  on  the  nature  of  the  rock. 


*  If  tbo  mass  in  which  the  powder  is  pUced  exceed  in  strength  its  power  to  dialodj^e  it,  then 
it  does  not  give  way,  but  an  enlargement  only  of  the  cavity  ia  which  the  powder  ia  placed 
oooura  by  the  crushing  to  dust  the  paru  in  immediate  contact  with  it,  which  receive  the  force 
of  the  explosion.    This  action  is  similar  to  that  of  a  globe  of  compression. 


mnd  CD  Uic  eUc  aad  weight  of  tbe  boring  tooli ;  it  h&Ting  been  uMrtuind,  bwa  losg 
cipcricDce,  that  three  men  tn  Me  to  link,  in  graniU  of  good  quli^,  kt  th»  fol- 
loviDg  ntei : 


With  a  3-inch  jamper,  t  f««t  in  »  dfty. 


IJ 
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Id  working  the  two  Ust  classes,  wherg  the  holo  nn  not  Teir 
deep,  n  ilroDg  bnj  will  onawn  to  turn  the  jamper.  With  a  1-indi 
jamper,  a  Btrong  man  bored  8  feet  in  a  d&j. 

In  using  borers  it  ii  necessary  to  paj  tome  attention  to  the 
weight  of  hammer  osed  for  ttriicing  them.  If  too  htarj,  by 
faUgaing  the  men  end  redacing  the  nnmber  of  blows  giTcn,  a  lew 
effect  is  prodnMd  thnii  if  lighter  hammers  are  used;  and  if  too 
light,  the  strength  of  the  miner  is  not  kept  fnlly  employad  in 
niiing  the  hinimer.      The  nsnal  weight  is  &om  6  to  7  His. 

It  therefore  is  erident  that  it  is  desirable  to  nnk  the  holes 
of  M  small  a  bore  ta  possible,  considering  the  siie  of  the  eharE«, 
which  ikauld  in  all  cata  be  determined  by  weight,  and  onght 
not  to  occupy  too  grrat  a  length  in  the  bore-bole ;  the  object 
bring  to  get  the  centra  of  the  charge  as  near  u  posmble  to  tiie 
centre  of  eiploeion.  In  order  to  effect  this  obiect  of  placing  a 
large  charge  at  the  bottom  of  a  small  hole,  which  ia  also  adran- 
tageona  aa  presenting  greater  facilities  fur  tamping  Tarioiu  plans 
have  been  adopted.  At  the  bottom  of  the  bore,  (mall  charges  bars 
been  placed  and  fired,  so  proportioned  as  not  to  prodnce  bactnre 
to  the  rock ;  they  then  have  the  effect  of  enlarging  the  spaee 
(tailed  chamberl  for  another  charge,  which  can  be  inserted  by  boring 
through  the  tamping.  This  operation  may  be  repealed  sereral 
times  when  it  ii  desired  to  place  a  large  charge  at  the  bottom. 

Another  plan,   ajiplicable  principally  to  calcareons  atones,  ha* 

been  tried  with  good  effect.     The  rock  having  been  pierced  in  the 

ninal  way,   a  copper   pipe,   the  siie  of  the  bore,  is  introdneod 

(see  fig.  1),  the  end  A  reaching  to  the  bottom  of  the  hol^  which 

is  closed  up  tight  at  a  with  clay,  so  that  no  air  can  escape.     This 

pipe  has  a  bent  neck  c,  for  a  purpose  hereafter  to  be  eipbuned. 

ThroDgh  the  copper  pipe  at  n,  a  small  leaden  pipe  is  introduced, 

about  half  an  inch  in  diameter,  formed  with  a  fnnnel  /  at  the  top, 

and  is  passed  down  to  within  about  1  inch  from  the  bottom  ;  the 

upper  orifice  of  the  copper  tube  round  the  leaden  one  at  g  being 

Gllcd  with  a  packing  of  hemp.      Matters  being  thus  adjusted, 

dilute  nitric. acid  is  poured  through  the  funnel  and  leaden  pipe, 

which,    dtsBolTing  the  calcareous  rock  at  ths  bottom,  causes  an 

eftrrescence,  and  a   sabstance  containing  the  disaolred  lime  is 

forced  out  from  the  orifice  D,  the  process  being  continued  until, 

qnantitj  of  acid  consomed,  tt  is  jodged  that  the  chamber  ii  sufficiently 

Other  acids,  such  ss  muriatic  or  salpburic,  will  produce  the  same  effect, 

anlt  of  the  chemiisl  solution  will  depend  on  th«  natut«  of  the  stone  and  the 

a  of  its  chemical  eonstitnenta. 


QUARRY.  199 

It  may  be  aBSimied  that  1  lb  of  powder,  when  loosely  poured  but  not  shaken  or 
compressed,  will  occupy  about  80  cubic  inches ;  or  1  cubic  foot  will  weigh  about 
57i  lbs.  ;  consequently  a  hole  1  inch  in  diameter  and  1  iuch  in  depth  will  weigh 
'419  of  an  ounce,  multiplying  which  by  the  square  of  the  diameter  of  the  hole  in 
inches,  will  give  the  weight  of  an  inch  in  depth  of  i)owder  in  any  given  hole  ;  whence 
can  readily  be  determined  either  the  length  of  hole  for  a  given  charge^  or  the  charge 
in  a  given  space. 

Gunpowder  varies  very  materially  in  quality,  a  comparison  between  Merchants' 
blasting  powder  and  Gh>vemment  cannon  powder  giving  arcs  by  an  6prouvette  gun 
from  12*0  to  21*0  degrees:  it  is  therefore  of  very  great  importance  that  powder 
should  be  tried  before  purchasing  or  commencing  to  use  it  in  quarrying,  so  as  to 
prevent  disappointment  in  the  expected  results,  or  an  ezoesnve  use  of  powder. 

The  benefits  resulting  from  the  use  of  strong  powder  are  evident : 

let.  Smaller  quantities  are  required,  and  consequently  less  stowage  room. 

2ndly.  Greater  effect  is  produced  in  comparison  to  the  labour  expended  in  boring. 

Srdly.  Increased  resistance  in  the  tamping,  the  powder  occupying  less  space,  and 
leaving  more  for  the  tamping. 

In  determining  the  most  economic  method  of  producing  a  given  quantity  of  stone 
from  a  quarry  of  any  particular  description  of  rock,  the  following  points  are  first  to 
be  ascertained : 

1.  The  constant  from  which  the  charge  is  to  be  calculated. 

2.  The  speed  with  which  holes  of  different  bores  can  be  driven. 

3.  The  effect  of  agents,  such  as  small  charges  or  acids,  in  enlarging  chambers. 

4.  The  face  which  con  be  established  in  the  quarry;  for  it  is  obvious  that  the 
higher  this  face  is,  if  the  charge  is  placed  behind  it,  the  greater  will  be  the  propor- 
tional effect  on  the  mass  dislodged ;  the  powder  acting  on  a  like  mass  in  either 
instance,  but  leaving  a  much  greater  mass  to  be  dislodged  by  its  own  weight  in  the 
one  than  in  the  other. 

These  data  having  Iteing  determined,  and  the  size  of  the  block  required  being 
known,  the  calculation  is  to  be  made  whether  large  charges  ore  to  be  adopted  or  a 
succession  of  smaller  ones. 

Large  charges  have  one  decided  advantage,  not  requiring  that  the  quarry  should 
be  so  often  cleared  of  workmen  during  firing. 

The  loading  of  mines  in  rock  requires  great  care,  to  prevent  accidents,  the  safety 
with  which  the  operation  is  performed  in  a  great  measure  depending  on  it.  A  few 
grains  of  powder  loose  on  the  side  of  the  bore-hole  may  produce  explosion  in  tamping. 
For  the  purpose  of  loading,  the  use  of  copper  vessels  is  recommended. 

A  copper  canister,  with  cover,  to  contain  the  powder  ; 

A  set  of  copper  measures,  containing  given  weights  of  powder  (1  lb.,  4  oz.,  and 
1  oz.); 

A  set  of  cylindrical  tubes,  8  feet  in  length,  J  inch  in  diameter,  whicli  cau  bo 
screwed  together  to  form  a  long  tube,  and  a  copper  funnel. 

When  the  charge  has  been  placed  at  the  bottom  of  the  holes  by  means  of  these 
^instruments,  a  Bickford^s  fuze,  or  galvanic  wires  in  a  small  bursting  charge,  are  placed 
upon  it,  and  then  a  wadding,  after  which  the  hole  is  tamped,  and  is  ready  for  firing. 

Bickford*s  fuze  is  strongly  recommended  in  quarrying  operations  at  the  present 
time.  It  is  not  expensive,  is  rery  certain  in  its  effects,  not  easily  damaged  in 
tamping,  and  not  affected  by  damp.  In  wet  situations,  by  enclosing  the  charge  in  a 
canister  or  water-proof  bag,  with  a  fuze  attached,  the  firing  is  conducted  with  facility. 

The  galvanic  battery  has  been  used  in  large  operations  with  great  effect :  a  number 
of  charges  being  placed,  a  simultaneous  effect  is  certain  when  required.    This  in 
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foDDd  atefnl  lomctimei  in  moving  luge  muKi,  ftnd  *1m  when  k  aombcT  of  men  an 
vorking  in  a  quuT7,  and  the;  aie  irithdnwn  for  the  pnrpoas  of  firing  >  mine  :  then 
11  DO  nncertaintj  in  their  retaming  to  their  Tork,  u  immediatalf  the  virei  an 
discoauecteil  from  the  tiettery,  there  ii  no  danger  of  eiploaioD. 

Tanping.-^la  tamping,  the  ohject  deeired  ia  to  obtain  the  greateit  amonnt  of 
mistanee  orer  the  charge  of  poirder.  Different  materiali  have  been  em^ojcd  fbt 
this  purpose. 

The  ebip*  and  dust  of  the  qmurj  it«elf  are  rer;  eommonlj  need. 

Sand  ponred  in  loose,  or  stirred  ap  ae  it  ti  poured  in,  to  make  it  mon  Mmpiat.      ' 

Claj,  well  dried,  either  b;  the  nm  or  b;  firs. 

Broken  briek  and  stooe. 

VarioDB  opiaioDa  have  been  given  npon  these  materials  ;  and  sand,  at  being  eaaily 
need,  Terj  generally  attainable,  and  offering  a  ter;  great  reuitanoe  from  tlie  tiiction 
of  the  particles  amoog  themseliee  and  against  the  sides  of  the  laiDe-hoI^  ha*  been 
highl;  spoken  of  by  French  Bogineers. 

Experiments  made  b;  British  Eogineen  have  not  given  these  faronrahle  tasalla, 
hut  hare  rather  tended  to  give  (o  well-dried  cla;  the  preference^  at  offering  the 
greatest  reaiatance. 

Hectmnieal  eontrirances  hsTs  also  been  used  to  assist  the  tamping  :  the  tketcliaa 
(SgB.  2  and  3)  shcT  what  may  be  considered  the  best,  eonsisUng  of  an  JUTertcd  eone. 


Tedged  in  on  the  tamping  with  arrows,  or  of  a  barrel -sbagied  plug  j  but  these  vonld 
only  bo  used  in  particular  circumslaDces,  when  the  cost  and  labour  consequent  on 
their  nse  would  be  well  repaid  by  the  impiovcd  effect  of  Qie  explosion,  sueh  u  in 
shafts  or  galleries,  kc. 

In  rock  excavBtioai  far  the  ditches  of  a  furlreei,  or  for  the  cutting  of  a  railway,  the 
economy  of  the  operation  depends  in  a  tctj  great  degree  on  the  skill  with  which 
powder  is  applied  in  the  (|aarrying  operations.  The  first  thing  to  he  obtained  is  a 
gullet  or  small  cutting,  eiteniiing  thronghout  the  work,  which  must  be  carried  down 
rather  below  the  bottom  uf  the  ditch  or  cutting.  This  ia  of  great  importance,  and 
that  ever;  snccessiTe  widening  of  the  gullet  should  be  carried  down  to  the  full  depth. 

In  some  eilensiTc  railway  works,  iaroliing  probably  the  heaviest  quarrying  opera- 
UoDS  in  Qreat  Sritoin,  the  catting  waa  carried  to  a  depth  two  or  three  feet  less  Ihnn 
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what  wai  required  of  the  Contractor.  In  taking  it  ont,  each  cnbic  yard  eo&t  abont  a 
guinea  to  remoTe,  whereas  the  rest  of  the  cutting  had  not  averaged  much  more  than 
8«.  6d,  for  each  cubic  yard. 

This  arose  probably  from  neglect  in  the  first  instance,  as  the  catting  being  very 
deep,  had  the  gullet  been  taken  out  to  the  required  depth,  the  same  quantity  of 
powder,  placed  a  little  deeper,  would  have  prodaoed  the  effect  of  taking  out  the 
cutting  to  the  required  depth. 

It  would  be  wrong  to  conclude  a  subject  of  this  nature  without  adverting  to  two 
of  the  largest  explosions  probably  ever  effected  as  quarrying  operations  ;  the  first,  in 
1843,  when  three  char^'es  of  7500,  6500,  and  5500  lbs.  were  simultaneously  exploded 
by  the  action  of  three  galvanic  batteries,  at  the  Round  Down  Clif^  near  Dover,  to 
effect  a  cutting  for  the  railway.  The  material  acted  upon  was  chalk,  the  lines  of  least 
resistance  72  and  56  feet,  the  charge  being  calculated,  in  pounds,  as  ^nd  of  the  cube 
of  that  line  in  feet,  with  something  additional  to  provide  against  contingencies. 

The  mass  brought  down  from  the  cliff  was  400,000  cubic  yards,  being  a  parallel 
mass  or  slice  from  the  face  of  the  cliff,  380  feet  in  height,  80  feet  in  thickness,  and 
860  feet  in  length  of  face. 

The  other  occasion  was  in  the  year  1850,  when  two  charges  of  12,000  fi>s.  each 
were  simultaneously  exploded  by  the  action  of  two  distinct  batteries,  in  a  chalk  cliff 
at  Seaford,  on  the  coast  of  Sussex,  the  object  being  to  form  a  groin  to  arrest  the 
progress  of  the  shingle  along  the  southern  coast.  The  lines  of  least  resistance  in  this 
case  were  70  feet,  and  the  charges  were  calculated  on  the  same  proportions  as  in  the 
Bound  Down  explosion  and  placed  120  feet  apart.  The  operation  was  most  successful, 
the  mass  brought  down  being  211  feet  in  height  (the  whole  height  of  the  cliff),  about 
240  on  the  face,  by  a  depth  of  abont  90  feet. 

In  both  of  these  cases  the  force  of  the  powder  acted  to'  blow  out  a  crater,  (the 
lines  of  least  resistance  being  horizontal,)  which  bore  but  a  small  proportion  to  the 
mass  dislodged.  Thia  mass  was  brought  down  principally  by  its  own  weight,  having 
been  deprived  of  support  by  the  removal  of  the  substance  within  the  crater. 

These  explosions  tend  to  establish  entire  confidence  in  the  proportion  of  charge 
adopted  for  the  material  (chalk)  in  which  they  took  place. 

It  is  probable  that  a  slight  increase  might  be  required  in  some  descriptions  of  rock, 
but  the  chalk  operated  upon  being  of  a  very  firm  and  homogeneous  nature,  and  very 
free  from  fissures,  would  lead  to  the  conclusion  that  no  material  would  require  a  much 
greater  proportion  of  charge. 

QUARTERING  OF  TROOPS.    See  Sanitary  Precautioni. 


E. 

RAILWAY.* 

Preliminary  Btmarls. — Facility  of  intercourse  between  different  districts  is  so 
essential  to  the  development  of  the  prosperity  of  countries  and  to  the  general 
advancement  of  civilisation,  that  the  introduction  of  railways  will  ever  be  looked  upon 
as  a  remarkable  epoch  in  the  history  of  the  world. 

The  immense  benefits  arising  from  the  increased  rapidity  and  ease  of  communica' 
tion  afforded  by  railways  caused  their  speedy  adoption  on  the  Continent  of  Europe  as 
well  as  in  the  United  States ;  but  they  originated  in  England ;  and  therefore  the 

*  By  Capt.  Douglas  Oalton,  R.£. 
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experience  which  is  always  required  to  perfect  a  new  system  has  been  chiefly  acquired 
in  this  country,  and  has  increased  the  cost  of  our  own  railways  for  the  benefit  of  ofai 
neighbours.  Hence,  whilst  the  works  of  continental  railways  are  eonstmcted  on 
principles  quite  as  durable  as  ours,  they  hare  been  executed  at  a  less  oomparatiTs  cost. 
In  America,  however,  where  the  feeling  appears  to  prerail  of  constmetiBg  only  for  the 
present,  railway  works  have  been  executed  with  less  regard  to  durability  and  much 
less  expensively  than  our  own.  In  projecting  a  railway  for  one  of  our  Goloniea,  the 
mode  of  construction  to  be  adopted  should  be  derived  from  a  careful  oonsideratbn 
of  the  advantages  and  disadvantages  attendant  upon  each  system  with  reference  to 
the  special  circumstances  of  the  case  ; — the  probability  also  that  in  an  imperfectly 
known  and  partly  explored  country,  fntare  discoveries,  and  the  determination  of  the 
sites  of  towns  and  villages  dependent  on  them,  may  require  deviations  in  the  course 
of  a  railway,  should  also  be  considered  with  reference  to  the  permanency  and  nature 
of  the  works  :  it  is  therefore  here  proposed,  after  sketching  the  general  principles 
applicable  to  railways  in  this  country,  to  append  a  few  remarks  on  the  American 
mode  of  constrnction. 

The  plan  of  facilitating  the  draught  of  carriages  by  forming  a  hard  eontinuouJi 
surface  for  the  wheels  to  run  upon  is  old  and  simple ;  and  the  successive  adaptations 
of  flagstones,  pieces  of  wood,  and  iron  rails  to  the  purpose,  are  the  several  improve- 
ments  it  has  undergone. 

As  early  as  in  1649,  a  wooden  railway  for  coal  was  in  use  near  Newcastle-upon 
Tyne,  on  which  one  horse  conld  draw  four  or  five  chaldrons.  The  frequent  repairs 
which  this  mode  of  constrnction  required  led  Mr.  Reynolds,  of  Coalbrook  Dale,  to 
substitute,  in  1767,  plates  of  cast  iron ;  these  were  nailed  to  longitudinal  sleepers,  and 
a  flange  was  affixed  to  each  plate  to  keep  the  carriage  in  place.  In  this  form  they 
were  known  as  tram-plates  ;  and  tramways,  on  which  the  plates  were  attached  either 
to  stone  blocks  or  to  transverse  or  longitudinal  sleepers,  were  extensively  used  in 
the  mineral  districts  of  this  country.  This  arrangement,  however,  which  was 
defective  l^ecause  it  permitted  the  accumulation  of  dirt,  was  at  length  superseded,  in 
1789,  by  an  edge-rail,  the  flange  being  transferred  to  the  wheel.  Stone  bearers  fur 
the  rails  came  into  use  in  1800  ;  and  in  1820  Mr.  Birkenshaw  obtained  a  patent  for 
making  the  rails  of  wrought  iron. 

Until  1825,  railways  had  been  almost  exclusively  constructed  for  the  transport  of 
coal,  ores,  slates,  &c.  ;  but  in  that  year  a  company  was  incorporated  by  Act  of  Parlia- 
ment  for  the  purpose  of  making  a  railway  from  Stockton  to  Darlington,  to  convey 
passengers  as  well  as  goods.  The  Liverpool  and  Manchester  Railway  Company  was 
incorporated  in  1826,  and  the  London  and  Birmingham  Company  in  1833,  although 
projected  some  years  previously.  These  railways,  when  firat  talked  of,  were  intended 
to  have  been  worked  by  horses ;  and  so  little  was  the  present  amount  of  traffic 
foreseen,  that  the  latter  railway  was  orig^'nally  projected  for  one  line  of  rails.  The 
rapid  increase  of  railways  since  1820  has  been  owing  to  the  succcssfal  substitution  of 
steam  for  horse-power,  and  to  the  great  improvements  which  have  taken,  and  arc 
still  taking,  place  in  the  Locomotive  Engine. 

As  far  back  as  in  1802,  Richard  Trevi thick  took  out  the  first  patent  for  adapting 
a  steam  engine  to  move  along  a  road,  althongh  Watt  is  said  to  have  invented  one 
previously  :  in  1811,  Mr.  Blenkinsop  patented  the  first  double-cylindered  engine;  it 
weighed  5  tons,  and  could  draw  4  tons  on  a  level  at  3  J  miles  per  hour.  In  1829, 
the  Liverpool  and  Manchester  Railway  Company  offered  a  premium  of  £500  for  the 
best  locomotive  engine.  The  prize  was  adjudged  to  the  'Kocket,*  designed  by  Mr. 
Bobert  Stephenson,  weighing  7}  tons,  and  able  to  draw  ii  tons*  load  at  14  miles  per 
hour  on  a  level.     The  principal  improvement  in  speed  was  due  to  thv  increase  of 
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eTaporating  power  obtained  by  the  OBe  of  a  tubular  boiler.  In  183S,  the  principle 
of  working  locomotives  expansivelj  came  Into  use  ;  and  this,  together  with  alterations 
in  the  Talves,  &c.,  diminished  the  consumption  of  fuel  by  between  one  quarter  and 
one-half. 

Since  that  period,  the  improTements  in  railways  and  engines  have  been  so  rapid, 
that  it  would  be  beyond  the  limits  of  this  article  to  follow  them. 

Gauges, — The  gauge  of  the  lines  at  first  constructed  was  the  same  as  that  of  the 
tramways  near  Darlington,  vis.  4  feet  8}  inches.  The  Great  Western  Railway  Com- 
pany, incorporated  in  1835,  adopted  a  gauge  of  7  feet.  The  promoters  of  this  in- 
creased width  of  gauge  expected  to  obtain  by  it  greater  conTcnience  and  stability  in 
the  carriages,  a  less  amount  of  friction,  and  a  more  roomy  and  therefore  more  power- 
ful description  of  engine ;  whilst  its  opponents  considered  it  would  inTolve  an  increased 
expense  in  constructing  and  maintaining  the  permanent  way,  which  would  not  be 
counterbalanced  by  the  advantages  to  be  derived  from  it.  A  Ck)mmi8sion  was  ap- 
pointed by  Government,  in  1845,  to  inquire  into  and  report  upon  the  merits  of  the 
respective  gauges  ;  and  a  Report  upon  the  same  subject  was  made,  in  1848,  by  the 
Commissioners  of  Railways,  to  an  order  of  the  House  of  Lords.  From  these  Reports 
it  appears  that  there  is  not  any  material  difference  in  the  relative  advantages  of  the 
two  gauges  so  &7  as  goods  traffic,  or  traffic  at  low  yelocities,  is  concerned  ;  but  that 
the  largest  engines  on  the  broad-gauge  lines  can  draw  an  ordinary  passenger  train  of 
60  tons  with  as  much  facility  on  a  level,  at  60  miles  per  hour,  as  the  narrow-gauge 
engines  can  at  50, — that  on  descending  gradients  they  retain  the  advantage  until  con- 
siderations of  safety  limit  the  speed, — and  that  on  ascending  gradients  the  superiority 
of  the  broad  gauge,  after  a  certain  point,  will  diminish  as  the  gradients  increase  in 
steepness.  The  railways  for  which  Acts  were  obtained  after  this  variation  of  gauge 
had  been  projected,  adopted  the  gauge  of  the  line  with  which  they  communicated, 
and  the  break  of  gauge  which  has  thus  been  permitted  is  a  serious  inconvenience, 
both  in  a  commercial  and  military  point  of  view. 

It  is  probable  that  if  railways  had  to  be  laid  down  again  in  England,  the  experience 
which  has  been  acquired  would  cause  the  adoption  of  an  intermediate  gauge.  This 
has  been  the  case  in  Ireland,  where  the  gauge  has  been  made  5  feet  3  inches  wide, 
on  the  assumption  that  it  would  allow  sufficient  width  for  the  requirements  of  the 
engine  without  materially  increasing  the  expenses  of  construction.  In  those  Colonies, 
therefore,  where  a  new  system  of  railways  has  to  be  laid  down,  which  can  never  be 
connected  with  lines  already  in  existence,  it  is  possible  that  this  latter  gauge  might 
be  found  most  advantageous. 

Competing  Lines, — The  private  Companies  who  first  undertook  to  construct  rail- 
ways intended  them  to  be  public  means  of  conveyance,  like  canals  and  turnpike-roads, 
on  which  any  one  might  conduct  trains  of  passengers  or  goods  on  paying  a  regulated 
toll ;  as,  however,  the  high  velocities  attained  required,  with  a  view  to  safety,  a 
punctual  adherence  to  fixed  hours  of  arrival  and  dex)arture,  and  an  implicit  obedience 
to  signals  and  other  regulations  for  the  safety  of  the  traffic,  it  was  found  absolutely 
necessary  that  the  general  working  of  a  line  should  be  under  the  control  of  one  head  ; 
and  hence  the  present  system  has  grown  up  of  Railway  Companies  being  carriers  on, 
as  well  as  possessors  of,  the  various  lines,  by  which  means  they  have  completely 
monopolised  the  main  traffic  of  the  country  ;  and  as  long  as  this  system  obtains,  there 
is  no  way  of  preventing  it,  as  it  is  only  in  districts  possessing  an  extraordinary  amount 
of  population  or  of  traffic  that  parallel  lines  of  railway  could  pay  ;  and  even  where 
they  could  pay,  competing  lines  would  soon  come  to  an  agreement,  the  great  outlay  of 
capital  securing  them  firom  further  competition ;  and  it  might  probably  be  more 
advantageous  for  the  work  to  be  done  by  one  Company,  provided  that,  were  the 
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amount  so  great  as  to  cause  obstruction  or  danger,  the  Company  should  lay  down 
additional  lines  of  rails.  Since,  therefore,  the  comfort  of  the  publie  is  so  iniioh  at 
the  mercy  of  Bailway  Companies, — that  the  capital  iuTested  in  railways  is  so  large  in 
amount  as  to  exercise  an  important  influence  on  the  money-market  of  the  ooantry, — 
and  that  the  powers  which  Companies  obtain  from  Parliament  are  so  extenaiTe, — it 
has  become  a  subject  of  considerable  discussion  how  far  the  Government  should  inter- 
fere in  the  management,  or  examine  the  accounts,  of  Bailway  Companies.  The  duties 
of  Engineer  Officers  in  the  Colonies  may  so  frequently  call  upon  them  to  consider  the 
question  of  railways  in  a  political  as  well  as  in  an  economical  and  engineering  point  of 
view,  that  no  apology  appears  to  be  necessary  for  endeaTouring  to  direct  attention  to 
the  subject  by  the  above  i-cmarks. 

LegUlcUive  Enactments. — The  only  General  Acts  of  consequence  which  hare 
hitherto  been  passed  concerning  railways  were  to  regulate  the  conveyance  of  mails 
and  of  troops  ;  and  one  in  1845  to  render  all  subsequent  lines  liable  to  a  revision  of 
tolls  after  ten  years,  if  their  dividends  for  the  preceding  three  years  should  equal  or 
exceed  ten  per  cent,  per  annum  ;  to  compel  Companies  to  run  one  train  each  way 
daily,  of  carriages  and  at  times  approved  of  by  the  Government,  at  a  speed  of  not  less 
than  12  miles  per  hour  including  stoppages,  and  at  fares  not  exceeding  Id,  per  mile. 
The  right  of  purchasing  any  railway  at  the  expiration  of  21  years  from  the  pasaing  of 
the  Act,  on  repayment  of  the  capital,  is  also  reserved  to  the  Government.  By  the 
terms  of  the  Act  for  the  conveyance  of  troops,  Bailway  Companies  are  bound  to 
convey  Officers,  with  1  cwt.  of  personal  baggage,  in  first-class  carriages,  at  2d.  per 
mile ;  and  soldiers,  with  4  cwt.  of  baggage,  in  second-class  carriages,  at  Id.  per  mile ; 
and  their  families  at  similar  rates.  Extra  baggage  is  liable  to  be  charged  ^d,  per  fl>.  ; 
and  military  stores,  exclusive  of  gunpowder,  2d,  per  ton  per  mile. 

Objecti  and  Advantage  of  JRailwayt, — Railways  may  be  projected  ei^er  for  com- 
mercial, political,  or  military  purposes ;  and  the  judicious  selection  of  a  line  will 
depend  as  much  upon  the  merits  it  possesses  in  an  engineering  point  of  view,  and  the 
collateral  advantages  it  embraces,  as  upon  its  fulfilling  the  main  objects  of  its  promoters. 

A  railway,  except  when  it  is  intended  to  fulfil  some  political  or  military  objtct,  is  a 
matter  of  mercantile  consideration  ;  and  the  expense  at  which  it  can  be  worked  must 
therefore  effect  such  a  saving  upon  the  cost  of  the  existing  means  of  conveyance  as  to 
afford  a  fair  remuneration  on  the  capital  expended.  When,  however,  a  railway  is 
once  made,  the  advantages  which  the  travelling  public  acquire  from  it  are  to  a  certain 
extent  independent  of  the  cost  of  construction  or  of  working,  as  it  is  the  interest  of  a 
Company  to  charge  that  fare  which  is  expected  to  produce  a  maximum  net  profit ;  and 
this  will  increase  with  the  facilities  afforded  for  travelling,  and,  to  a  certain  pointy 
with  the  diminution  of  price.  But,  besides  the  advantages  of  cheapness  and  speed  in 
travelling  which  the  public  derive  from  railways,  they  also  profit  by  the  increased 
rapidity  and  certainty  in  the  conveyance  of  goods,  which  enables  dealers  residing  at  a 
distance  from  the  main  points  of  supply  to  procure  the  articles  they  require  at  so  short 
a  notice  as  not  to  be  obliged  to  keep  large  stocks  on  hand  ;  and  this  again  releases^ 
for  other  uses,  capital  so  tied  up. 

The  advantage  of  a  railway  to  its  proprietors  is  measure  practically  by  the  profits 
it  yields  to  them ;  and  these  depend  upon  the  original  cost  of  construction,  upon  the 
expense  of  maintaining  and  of  working  the  line,  and  upon  the  amount  of  traffic 

The  capital  which  is  expended  upon  the  construction  of  a  railway  varies  with  the 
quantity  and  value  of  the  land,  the  quality  of  the  soil,  the  nature  and  geological 
structure  of  the  country  (which  determines  the  amount  of  engineering  works),  and 
the  price  of  labour.— The  expense  of  working  and  of  maintaining  a  line  is  regulated 
by  the  severity  of  the  gradients  and  the  cost  of  fuel  and  of  labour. — And  the  amount 
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of  traffic  depends  on  the  namber,  ooenpationi,  and  habits  of  the  inhabitants  of  the 
towns  and  districts  throngh  which  the  line  passes,  on  their  productions  and  require- 
ments, and  on  the  markets  which  the  railway  may  render  available  to  them.  And 
since  the  profit  to  be  derired  from  a  railway  depends  upon  the  excess  of  the  receipts 
from  traffic  over  the  expenses  of  working  and  maintenance,  it  is  necessary  that  the 
line  should  be  laid  out  not  only  with  a  view  to  the  greatest  economy  in  the  cost 
cf  construction,  but  to  possess  faeilities  in  working,  to  pass  near  towns  and  through 
populous  districts,  and  to  be  of  easy  access. 

In  the  following  remarks  it  is  endeavoured  to  shew  the  principal  points  connected — 

Ist.  With  construction, 

2ndly,  With  working, 

8rdly,  With  the  amount  of  traffic  to  be  expected  upon  a  railway. 

Contti'uetion  of  RailvHiy$. — Ck>tt. — The  original  cost  of  constructing  railways  in 
this  country  may  be  classed  under  six  heads,  viz.  Law  and  Farliamentacy  Expenses, 
Engineering,  Land  and  Compensation,  Works,  Locomotive  and  Carrying  Stock, 
Interest  and  Miscellaneous. 

An  average  taken  from  fifty  railways  gives  the  total  cost  per  mile  at  £84,000; 
but  as  these  railways  were  among  the  earliest  made,  and  as  a  diminution  of  expense 
has  since  taken  place  under  some  of  the  heads,  it  is  probable  that  the  present  average 
will  be  considerably  lower  :  it  may,  however,  be  assumed  that  the  per-centage  of  each 
of  the  above  mentioned  heads,  upon  the  total  cost  of  construction,  is  for 

Law  and  Parliamentary  Expenses 2*76 

Engineering 1*76 

Land  and  Compensation 15*00 

Works 70  00 

Working  Stock 7*60 

Interest  and  Miscellaneous    .        .        .        .  8*00 

100-00 

The  cost  per  mile  of  some  few  railways,  selected  from  different  parts  of  the  country, 
may  be  interesting,  when  classed  under  the  principal  heads. 


Name  of  Railways. 

Land  and 
Compeusation. 

Works. 

RafU. 

Total  cost 
IMr  mile. 

London  and  Birmingham .     , 
Great  Western .... 

£. 

7,700 
6,400 
8,200 
8,800 
113,600 
1,000 

£. 
86,900 
82,500 
14,600 
39,800 
98,600 
6,700 

£. 
4,400 
9,400 
8,800 
8,600 
4,000 
700 

£. 
68,700 
66,200 
24,700 
61,000 
253,000 
8,700 

Birmingham  and  Gloucester 
London  and  Brighton .     . 
London  and  Blackwall     .     . 
Leicester  and  Swannington   . 

The  amount  required  in  this  country  for  parliamentary  expenses  is  comparatively 
large ;  and  this  is  due  to  the  system  which  has  been  adopted  for  the  settlement  of 
questions  of  this  nature  by  the  Houses  of  Parliament,  who  refer  the  consideration 
of  the  relative  merits  of  the  proposed  lines  to  Committees  of  their  own  Members, 
instead  of  laying  down  rules  for  the  guidance  of  some  separate  competent  tribunal. 
Formerly  there  was  no  means  of  securing  uniformity  in  the  powers  conferred  by  the 
Special  Acts  ;  but  in  1846  the  Consolidation  Acts  were  passed,  by  which  all  the  clauses 
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relating  to  taking  land,  raising  capital,  &o.,  were  collected  into  two  Acta  (the  IUflw»y 
and  Land  Clauses  Consolidation  Acts),  which  are  now  inoorporated  with  every 
Special  Act,  and  from  which  no  deyiation  is  permitted  without  good  Cftuae  bdag 
shewn. 

Survey. — The  preliminary  survey  required  to  enable  Committees  of  the  Houses  of 
Parliament  to  judge  of  the  merits  of  projected  lines  must  be  sufficient  for  the  plans  to 
shew  the  direction  of  the  line,  the  yarioos  properties  severed  or  affected,  as  well  is 
those  of  which  portions  would  require  to  be  taken,  and  it  extends  usually  to  100 
yards  on  each  side  of  the  proposed  line.  A  section  corresponding  to  the  upper  sorfiMse 
of  the  rails  is  also  made,  on  which  is  marked  the  level  of  the  railway  with  respect  to 
the  surface  of  every  turnpike-road,  public  carriage-road,  river,  canal,  or  railway,  with 
the  heights  and  spans  of  bridges  and  viaducts. 

It  is  convenient,  in  the  sections,  to  make  the  horizontal  and  vertical  scale  of  the 
same  denomination,  the  one  being  in  chains  and  the  other  in  feet :  25  to  1  inch  will 
be  found  to  be  a  good  one.  The  plan  shewing  the  general  direction  of  the  line'  Is 
generally  on  a  scale  of  1  inch  to  a  mile, — the  plan  for  defining  the  properties  on  a 
scale  of  6  inches  to  a  mile. 

The  cost  will  probably  average  £50  per  mile  in  this  country.  The  expense  of  the 
special  survey  made  after  the  Act  has  been  obtained,  including  setting  out  the  linsi 
may  be  assumed  at  from  £90  to  £100  per  mile. 

Curves  and  Gradients,  — A  railway  approaches  perfection  in  so  &r  as  it  approximates 
to  a  horizontal  straight  line  ;  but  questions  of  economy,  arising  from  the  intervention 
of  natural  and  artificial  obstructions,  or  the  advantage  of  passing  through  particular 
districts,  induce  deviations  in  practice ;  and  the  consequent  introduction  of  curves 
and  gradients  should  be  limited  by  considering  at  what  point  the  increase  in  the 
working  expenses  caused  by  them  will  equal  the  interest  on  the  capital  saved  in  the 
construction  of  the  line.  Before  proceeding  further,  therefore,  it  will  be  desirable  to 
make  a  few  remarks  on  the  mechanical  effects  of  curves  and  gradients. 

Curves, — When  a  railway  carriage  moves  on  a  curve,  the  resistance  it  meets  with  is 
due  partly  to  the  effect  of  centrifugal  force,  which  causes  the  flange  of  the  outer  wheel 
to  press  against  the  rail ;  partly  to  the  dragging  of  the  wheels,  which,  bebg  fixed  to 
the  axles  (on  account  of  its  having  been  found  nearly  impossible  to  make  them  run 
true  when  moveable),  are  obliged  to  perform  an  eqnal  number  of  revolutions,  whether 
on  the  inner  or  outer  rail ;  and  partly  to  the  axles  being  parallel.  These  causes, 
combined,  produce  great  wear  and  tear,  the  exact  amount  of  which,  however,  cannot 
be  easily  ascertabed.  The  centrifugal  force  can  be  counteracted  by  raising  the  outer 
rail  above  the  level  of  the  inner  one,  just  so  much  as  would  form  the  roadway  into  an 
inclined  plane  on  which  the  tendency  of  the  cairiage  to  slide  towards  the  centre  of  the 
curve  by  its  own  gravity,  would  exactly  balance  the  tendency  to  leave  the  rails.  The 
precise  mode  of  estimating  the  elevation  of  the  outer  rail  will  be  stated  in  describing  the 
permanent  way. 

The  resistance  arising  from  the  dragging  caused  by  the  wheels  being  fixed  to  the 
axles  is  diminished  by  the  wheels  being  coned :  the  inclination  usually  adopted  is 
from  about  Jth  to  y'^th. 

Curves  having  a  radius  of  60  chains  do  not  materially  affect  the  rate  of  speed. 

Curves  with  a  radius  of  less  than  40  chains  are  considered  sharp. 

On  the  Great  Western  Railway,  the  curves  are  chiefly  of  4,  5,  and  6  miles  radius. 
On  the  Bristol  and  Gloucester,  and  Edinburgh  and  Glasgow  Railways,  the  average 
radius  is  1  mile,  and  on  the  Manchester  and  Leeds  Railway  60  chains.  Small  radii 
may  be  used  at  or  near  termini  or  junctions,  &c.,  which  are  arrived  at  or  departed 
from  at  diminished  speeds. 
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Gra<!ieniM, — Tlit  term  gr^diant  liu  be»ii  kdopted  to  indimte  UioM  ilight  molimi' 
ttoui  ap  which  B  Iced  nu;  be  Ubeo,  althonBh  with  diminithed  nlooit;,  wilhont 
onieUng  power,  bdng  thna  diEtiiigiil>b«d  from  those  deeper  itopn  tenned  inolined 
plftnee,  when  M«i»tiiig  power  ii  intended  to  be  nied.  The  reUUve  eapAdt;  d(  lines 
for  traffle  ie  theoretiokllj  limited  hj  thrir  gndienta,  ud  thii  will  be  the  pnoticaJ 
limit  for  goods  truni  on  lines  where  tlie  traffic  la  heary  ;  bnt  wteie  the  traffic  ii  lo 
email  OM  the  engineB  are  not  obliged  to  exert  their  fall  power  on  the  level,  as  usuaUj 
U  tlie  case  with  junirnflrr  trains,  the  increased  charge  which  st«ep  gradients  would 
ooeaaion  in  the  working  expenses  is  of  comporatiTcly  less  importance.  The  qneation 
of  the  economj  of  making  gradients  depends  upon  whether  the  interest  upon  the 
eajdtal  laTcd  bj  their  introdootion  will  be  greater  than  the  increased  charge  tbef  will 
bring  on  the  working  eipeniea.  Whilst,  howerer,  it  ii  true  that  for  goodi  tiaSo  the 
eSiMit  of  gcadienia  will  be  to  limit  the  load,  except  in  easee  where  iniBtant  engines  are 
kept,  and,  conseqaently,  to  inerease  the  cost  of  locomatife  power,  it  must  be 
remembered,  that  the  disadTaotage  of  the  ascending  gradient  is  in  some  degree  connter. 
bahueed  b;  the  benefit  derired  from  the  desoeoding  gimdient 

The  fallowing  Table  hae  been  eonstmeted  ibr  the  pnrpoee  of  giring  an  idea  of  the 
relative  advantages  which  diSerent  gtadienli  would  afford  for  goods  traffic ;  the 
dim^eniioni  of  the  engine  being  assumed  as  follows:  ojlinder  16  inches  diameter— length 
of  stroke,  SI  inchea— diameter  of  wheels,  0  ftet — weight  of  engine  ami  tender,  S2toni 
oD,  tiBO  fts. — wheels  coapled. 


Load  in  tons 

-.[thwtlch 

... 

" 

-. 

tUecDgimia 

imainUIn 

ErthnsM  cost  per 

a.p»dof 

tonpornil 

imh 

losd 

Hemaww 

Net  load 

Gross  lowl 

LocoinoUve 

Ttrminsl 

In  tons. 

cstrages. 

puwor. 

riBg^. 

Dlm.gos. 

i 

Uvel. 

600 

312 

■035  d 

■as," 

"■Is 

1  in  5<I00 

182 

800 

'036 

|l| 

tbU  Table  ate  not 

1  in  1000 

3B8 

2i4 

OlS 

1  in    £00 

317 

lUO 

■057 

ii'l 

^^^ 

lin    250 

24a 

Hu 

■075 

•sa 

H 

WSJ,  or  the  salaries 

lia    200 

222 

127 

■086 

S't 

ofoffioere,  *a.,  as 

lin    150 

167 

104 

•105 

|J& 

it  is  onl  J  intended 

lin    100 

»2 

73 

■150 

oJ-^E 

to  give  some  idea 

lin    eo 

132 

66 

■188 

l-g? 

of    the     lelative 

lin     SO 

121 

59 

■180 

^z  'fi 

effect  npon  goods 

lin      70 

105 

50 

■220 

sas 

B  °-  = 

traffic  cansed  bj 

lin      60 

96 

ts 

■225 

|i| 

5  g-^^ 

different      giadi- 

lin      fiO 

34 

■323 

ents. 

lin      iO 

69 

24 

■458 

Hi 

lin      80 

53 

14 

■765 

lin      20 

37 

3 

3-666 

SIb 

^11^ 

With  passenger  traffic,  when  the  trains  are  comparatjvel;  light,  the  eflect  id' 
gradients  would  be  to  diminish  the  speed ;  and  the  accompanying  Table  has  been 
[««par«d  for  the  purpose  of  shewing  tbe  eomparatire  effect*  of  diHerent  degrees  ot 
inclination. 
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Gradient. 

Velocity  in 

milefl  per 

hour. 

Multiplier  for  distance 

in  yaJtU  to  (ri^o  time 

ineeconda. 

Remabxh. 

Level. 

54 

•0375 

.     1  in  2500 

52 

•0393 

1 

1 

1     1  in  1000 

50-84 

•0402 

;     lin    750 

50-06 

•0409 

1     1  in    600 

49-26 

•0416 

lin    250 

46-65 

•0438 

lin    150 

43  15 

•0474 

lin    120 

41-31 

•0495 

f 

1  in    100 

89-81 

•0514 

i 

1  in      90 

89-18 

•0522 

lin      80 

32-80 

•0624 

lin      70 

23-60 

•0856 

1  in      60 

10 

•2045 

The  yalnes  in  the  preceding  Table  depend  almost  entirely  upon  qnantitiet  whieh 
are  continually  yarying ;  hence  the  mode  adopted  has  been  to  assnme  such  as  are 
most  probable  for  the  present  day ;  and  since  in  comparing  the  Talaea  of  differ^t 
gradients  the  differences  alune  vill  be  h)oked  to,  the  errors  will  be  of  less  importance. 

The  following  are  the  assumed  dimensions  of  the  engine,  from  which  the  Table 
has  been  calculated  :  diameter  of  cylinders,  16  inches — length  of  stroke,  21  inchee — 
steam  cut  off  at  ^ths  of  the  stroke— diameter  of  driving- wheel,  6  feet  6  inches — weight 
of  engine  and  tender,  82  tons—  adhesion,  8700  fts. — evaporating  power,  200  cubic  feet 
per  hour — elasticity  of  steam  in  the  boiler,  95  lbs.  per  square  inch — pressure,  80  lbs. 
per  square  inch — ^load  50  tons,  exclusive  of  engine  and  tender. 

All  gradients  above  1  in  330  are  considered  first-class  gradients.  From  1  in  880 
to  1  in  150  are  fair  working  gradients. 

The  gradients  on  the  London  and  Birmingham  and  Trent  Valley  lines  are  not 
steeper  than  1  in  330  ;  on  the  Dalkeith  Branch  of  the  North  British  Railway  there  is 
a  gradient  8  miles  long  at  1  in  70  ;  on  the  South  Devon  line  (broad  gauge)  there  is  a 
gradient  of  1  in  43,  24  miles  long ;  and  the  Lickey  incline  on  the  Birmingham  and 
Gloucester  Railway  is  2  miles  long,  at  1  in  371. 

Laying  out  a  Railway.  — It  is  usual  in  laying  out  a  railway  to  mark  a  centre  line 
by  stumps,  for  the  levels,  placed  at  intervals  of  1  chain,  and  a  spitlock  for  the  diree- 
tion,  on  each  side  of  which  the  width  required  for  the  roadway  and  slopes  of  the 
cuttings  and  embankments  is  laid  off:  posts  are  also  fixed  in  secure  positions  at 
every  10  chains  along  the  line,  as  well  as  the  crossings  of  roads  and  the  ends  of 
viaducts  and  tunnels,  as  references  for  the  levels.  In  laying  out  curves  on  railways^ 
numerous  methods  will  readily  suggest  themselves,  according  to  the  drcumstanoes  ia 
each  case  ;  as,  for  instance,  by  measuring  offsets  from  the  tangents  and  chords  of  the 
arcs,  or  by  the  intersections  of  angles  from  theodolites,  one  placed  at  each  extremity 
of  the  curve,  &c. ,  &c. 

Quantity  of  Land  necessary, — The  quantity  of  land  required  for  a  double  line 
of  railway  will  vary  with  the  nature  of  the  country  :  the  actual  width  of  the  railway, 
including  fences,  is  about  a  chain,  or  8  acres  per  mile,  and  when  the  space  for  the 
slopes  of  embankments  and  cuttings  has  been  added,  it  may  be  considered  that  the 
average  quantity  per  mile  is  not  less  than  10  acres  in  very  level  country,  12  acres  in 
ordinary  country,  and  from  15  to  20  acres  in  very  unequal  country  ;  and  1  acre  per 
mile  additional  should  be- allowed  for  stations. 

Earthworks, — The  amount  of  earthwork,  of  course,  depends  upon  the  nature  of  the 
country;  but  an  average  taken  from  twelve  railways  gives  104,900  cubic  yards  of 
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exeavatioii  per  mile,  wluoh  may  not  be  considered  a  rery  exorbitant  amount ;  the 
excaTation  on  the  London  and  Brighton  Railway  being  156,000,  and  that  on  the 
Birmingham  and  Gloacester  79, 000,  cubic  feet  per  mile. 

To  ayoid  a  useless  expenditure  of  labour,  the  amount  of  cutting  should  be  propor- 
tioned to  that  of  embankment ;  but  when  the  quantity  required  in  the  embankment 
cannot  be  equalised  with  that  obtained  from  the  cutting,  a  convenient  spot  is  selected 
for  depositing  the  surplus,  or  excavaUng  for  the  supply  of  the  deficiency.  When  the 
earth  from  the  excavation  is  in  excess  of  that  required  for  the  embankment,  it  would 
perhaps  in  many  cases  be  found  advantageous  to  use  the  surplus  in  widening 
adjacent  embankments.  It  is  generally  considered  cheaper  to  throw  to  spoil  than  to 
lead  three  miles,  though  this  would  of  course  depend  partly  uix)n  the  height  of  the 
embankment  for  which  side-cuttings  would  have  to  be  resorted  to,  and  partly  on  the 
facility  of  obtaining  a  site  for  depositing  the  surplus.  In  estimating  the  relative 
quantities,  regard  should  be  had  to  the  nature  of  the  soil. 

Before  commencing  any  cutting  or  embankment,  all  turf  and  surface  soil  should  be 
carefully  removed,  and  saved  for  soiling  the  slopes.  In  cuttings,  the  accumulation 
of  water  should  be  guarded  against  by  inclining  the  bed  of  the  excavation,  and  pro- 
viding drains  amply  sufficient  for  the  largest  amount  of  water  that  could  possibly  be 
required  to  be  discharged  from  the  cutting  ;  and  all  soft  material  in  the  cutting 
should  be  thrown  to  spgil.  In  some  soils  it  may  be  necessary  to  discontinue  the 
formation  of  embankments  during  inclement  weather,  as  some  soils  will  stand  when 
deposited  dry,  which,  if  deposited  wet,  will  always  be  liable  to  slip. 

Fig.  1. 


Section  of  Cutting. 

The  slopes  of  the  cuttings  and  embankments  depend  on  the  nature  of  the  soil, 
which  should  be  carefully  ascertained  by  boring.  In  all  stratified  rocks,  the  direction 
and  amount  of  the  dip  of  the  strata  become  important  considerations  in  determining 
the  form  to  be  given  to  the  sides  of  the  cuttings.  Other  rocks  stand  nearly  vertical. 
81aty  rock  disintegrates  when  exposed  to  frost,  but  suffers  less  from  the  weather  as 
it  approaches  the  perpendicular,  and  therefore  it  is  advisable  to  form  the  slope  into 
steps,  and  cover  it  with  vegetable  mould. 

Chalk  varies  from  Jtoltoltol;  it  frequently  falls  in  large  masses  after  frost  or 
rain  :  layers  of  flint  interspersed  assist  in  maintaining  the  slope.  In  some  chalks, 
the  lower  beds  disintegrate  much  sooner  than  the  upper  one ;  and  to  obviate  the 
inconveniences  arising  from  this,  a  system  of  benching  and  facing  with  brickwork  has 
been  proposed,  as  shewn  in  the  accompanying  wood-cut] 

Coal  measures  stand  at  1^  to  1.  Lias  stands  at  14  to  1,  or  1  to  1,  according  as  clay 
or  limestone  predominates.  Clay  is  of  so  treacherous  a  nature  that  no  average  slope 
can  be  given  for  it :  its  trustworthiness  depends  on  its  constituent  parts,  and  the  drain- 
age must  be  m(  st  carefully  attended  to  :  it  has  been  known  to  vary  from  1  to  1  to 
10  to  1.  Sand  has  stood  at  1  to  1.  On  the  Newcastle  and  Carlisle  Railway  there  is 
a  eatiing  through  sand  100  feet  deep^  which  stands  at  1(  to  1.     Marl  will  slcni  at 
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from  IJ  to  1  to  1  to  1  ;  gr&Tel  and  dry  soils,  14  to  1 ;  or  when  the  depth  does  not 

exceed  10  or  15  feet,  1  to  1  ; — dry  hard  shale,  1  to  1.     Soapy  shale  vill  slip  at  a 

greater  slope  than  5  to  1. 

Fig.  2, 


*w«  •••••••••  #0    •«     •■■•••••••••••«•••••««••««' 


Excavatind^  la  Chalk. 

The  following  Table  shews  the  angles,  obtained  by  experiment,  at  which  seTeral 
earths  stand  : 


Description  of  Earth. 

Kartb,  common,  pulrerised  and  dry 
Do.  common,  damp  .... 
Do.        dense  and  compact     .     . 

Flint,  large 

Do.  half  the  size  of  the  above  .  . 
Do.      approaching  sand    .... 

Gravel 

Do.      common   ....... 

Do.     coarse 

Do.     Thames,  wet 

Mould,  common 

Quicksand,  Thames,  dry  .... 

Sand,  fine,  dry 

Do.  dry 

Do.  less  dry 

Shingle,  loose,  dry  ' 


Angle  at  which  It 
will  stand. 


46'  60' 
54* 

W"  to  45'' 

86» 

34'*  to  35" 

37° 

85"  to  36* 

86*  to  38* 

86°  to  36* 

87* 

35* 

85*  30' 

40* 
39*9' 

89* 


1 


/ 


Name  of  Observer. 


\ 


M.  Bondelet. 

Do. 
Professor  Barlow. 
Mr.  G-.  Rennie. 
Do. 
Do 
Lieut.  Hope,  R.E. 
Mr.  G.  Rennie. 
Do. 
Do. 
Do. 
Do. 

Professor  Barlow,  M.  Ron-  j 

delet,  and  Lieut.  Hope, ' 

R.B. 

Mr.  G.  Rennie. 

Do. 
Migor-Gen.  Sir  Charles 
Pasley,  K.C.B. 


In  excavations,  strata  dipping  towards  the  horizon  are  liable  to  be  cut  through  and 
to  slip.  A  skilful  piece  of  engineering,  with  reference  to  this,  was  performed  on  the 
London  and  Birmingbam  Railway.  In  excavating  through  a  hill,  the  strata  were  cut 
through  and  began  to  slip ;  so  the  Engineer  immediately  caused  a  tunnel  to  be 
turned,  and  allowed  the  earth  to  slide  over  the  top.  Alternating  strata  of  clay  and 
sand  require  effectual  draining.     In  marshy  soil,  a  new  artificial  bed  must  sometimes 


b«  tiamei  hj  rtpUdog  tbt  tpvngr  toil  vilh  lurdsr  nuUrUli.     In  lidelong  groniid, 
it  oft«n  beoDuet  neocMuy  to  tana  itapi  for  &  faaDdBtinn. 
ng.3. 


Dating  th«  oanHtniotioD  uid  kftar  the  MmpIetioD  of  eixthworlu,  th«  main  wim  of 
■llpi  is  tbB  prcMiio*  of  wator,  eitber  from  ipringi  or  oUtenrisc^  which  mmt  b«  oarriod 
off  b;  diuni ;  the  nbaoil  »Im  ■hould  be  dnined,  dtber  by  ■  druo  nader  the  eeatie 
of  tin  Tckdwtj  or  br  aide  ditehci.    In  wet  ■eMoni,  all  loils  Tcqaira  tbs  greatsrt 

Qnrel  and  nnd  are  the  best  materiali  for  embaiikmests,  ai  they  concolidate 
ra[ud];  and  are  eaaily  druned.  Bhalj  saith,  vhen  bard  and  drj,  is  alio  good.  Drj 
elaj  mixed  Tilh  itraw,  thongh  long  in  coniolldating,  forma  Mmetiinei  a  aound 
emlDUikment.  Vegetable  noald,  soil  dialjr  twOt,  wet  day  and  peat,  ara  DnfaToonble. 
In  croniDg  Chat  Mot^  whieh  ia  of  peat,  Mr.  Blephemon  farmed  the  embankment  of 
the  mou  itaelf,  dried.  In  eaeea  of  wtj  deep  boge,  in  Ireland,  Sir  John  Haeneill  hia 
nied  far  a  foandation  a  raft  fonned  of  layera  of  joiug  tree^  cnmbg  each  other.  It 
ii  geoerall;  considered  adTisable,  in  embankmenta,  not  to  make  the  base  of  the  slope 
less  than  twice  ita  height ;  and  when  stone  is  [dentifnl  or  land  dear,  a  revetment  wall 
nay  be  adraiitageonsl;  tabatitated  (or  a  slope, 
F12.4. 


When  the  levels  of  the  line  and  the  slopes  for  the  cutUogs  and  embankments  bave 
been  detenoined  on,  the  enbio  content  of  earthwork  mnit  be  ralculited ;  for  which 
purpose  nomerous  Tables  hare  been  constmcted.  The  fullovriog,  framed  by  H.  Lav, 
Esq.,  C.  E.,  and  pnblisbed  in  1S15,  are  condse,  and  applicable  lo  all  dncriptions  <'f 
^oration.     {Fm- <ltt  mtlhod  of  vting  ihtit  Tahiti,  itt  p.  2H.) 
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MKTHOD  07  USIHO  THE  T1BLB8. 

For  the  Trvknh  w  Central  Pari  in  a  Cutting  or  Embankment, — Add  together  the 
height  in  feet  of  the  two  ends ;  then  look  for  this  No.  in  the  first  column  of  Table  I., 
and  on  the  same  line,  under  the  proper  length  in  chains,  will  be  found  the  content  in 
cubic  yards.  Should  the  length  exceed  9  chains,  the  content  must  be  taken  out  in 
two  operations.  The  content  thus  obtained  is  for  1  foot  only  in  width ;  the  tot^il 
quantity  must  be  multiplied  by  the  true  width  in  feet. 

For  the  Slopes  on  the  Side  of  a  CtUting  or  Bmbanhnent. — If  the  embankment  has 
a  height  at  only  one  end,  the  content  in  cubic  yards  is  given  at  once  in  Table  II.  ;  the 
height  in  feet  being  contained  in  the  outside  vertical  columns. 

If  the  embankment  has  a  height  at  each  end,  multiply  the  two  heights  together  ; 
look  for  this  No.  in  the  outside  column  of  Table  I.,  and  make  out  the  No.  on  the  same 
line  under  the  proper  length  (a).  Then  subtract  the  lesser  height  from  the  greater  : 
look  for  this  No.  in  the  first  column  of  Table  II.,  and  take  out  the  No.  on  the  same 
line  under  the  proper  length  (h).  These  two  (a  and  b)  added  together  will  give  the 
content  in  cubic  yards  for  any  length  not  exceeding  9  chains :  when  greater  than 
that,  it  must  be  taken  out  in  two  operations.  The  content  thus  obtained  is  for  one 
side  only,  calculated  upon  a  slope  of  1  to  1  :  the  total  quantity  must  be  doubled ;  and 
for  any  other  slope  must  be  multiplied  by  the  ratio  of  the  base  to  the  height. 

If  the  lengths  are  in  feet  instead  of  chains,  these  Tables  may  equally  well  be  used, 
by  taking  the  figures  in  the  top  line  as  feet^  and  dividing  the  total  result  by  66.  {See 
example^  p,  214.) 

The  main  art  of  directing  earthworks  consists  in  so  proportioning  the  men  to  each 
task,  and  disposing  the  mcU&riel  or  plant,  that  none  shall  for  a  moment  stand  idle,  and 
that  a  free  passage  shall  be  continually  kept  open.  These  proportions  depend  upon  local 
circumstances,  and  can  scarcely  even  approximately  be  made  the  subject  of  calculation, 
but,  together  with  the  disposition  of  the  men,  depend  on  the  judgment  of  the  Engineer. 

Cuttings, — In  commencing  an  excavation,  a  face  at  right  angles  to  the  direction  of 
cutting  should  be  obtained,  and  a  gullet,  of  about  15  feet  wide,  formed  as  soon  as 
possible.  The  accompanying  sketch  shews  a  mode  of  cutting  nitchea  with  the  pick- 
axe, and  a  very  littie  labour  enables  the  excavator  to  separate  the  masses  between. 

Fig.  5. 


Into  the  gullet,  when  formed,  a  train  of  waggons  to  receive  the  earth  is  sent.  As  the 
height  of  the  hill  increases,  side  tracks  on  a  higher  level  are  laid  down,  and  the 
inclines  which  connect  them  with  the  first  line  serve  to  enable  the  loaded  carriages  to 
draw  up  the  empty  ones.    Plate  XYIII.  shews  the  above-described  method. 
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Eatbaiitmeiili. — The  ordiaarj  mode  o(  emlniilciDg  U  to  mn  out  to  the  fall  heigU 
required  at  ouce,  but  the  operation  niaybe  orried  on  with  eqotl  if  not  gremter  lapiditj 
by  fuimiDg  a  bank  of  half  the  required  height,  uid  following  this  np  eloaelj  *ith  an 
D|)per  bank  to  the  full  height,  just  so  maeh  narrower  an  will  allow  waggoni  to  pas  to 
the  head  of  the  lower  one.  The  moat  etpenaive,  but  at  iJie  same  time  the  moat  aolid, 
mode  ia  to  form  the  bank  in  saceeaaiTe  shallow  layers,  each  being  run  oat  sod  allowed 
to  conaolidate  befure  the  one  above  is  commenced,  Plate  XXIX.  shews  the  anange- 
mcnts  which  may  bo  adopted  for  leading  the  waggons  to  the  head  of  the  embankment 
and  the  accoiai>an}'ing  sketch  (Gg.  fl)  shews  a  front  and  Bide  delation  of  a  waggon. 
Fig.*. 


It  may  bo  assnmcd  that  at  the  aTerage  rate  of  wages  of  the  present  day,  and  with 
contract  work  condncted  as  effiraently  u  it  is  in  this  country,  the  fallowing  pricei  will 
giTe  a  fair  idea  of  the  cost  of  earthwork,  Tiz ; 


Kxcarating,  canying,  and  forming  into  embankment,  with  any  lead  not 
exceeding  half  a  mile,  not  rock    .     from  9d.  to  li.  Sd,  per  cobio  yard,     1    OJ 

Do,,  do.,  hard  close  roek        from  Is.  to  4(.  do.  do.     S    4} 

EieaTation  from  tnnnel,   all  plant  being  found  by  the  contractor,  bwa 

Gi.  to  7f.  do.  do.     6    2 

If  the  lead  eiceeils  liatf  a  mtli^,  tbe  following  would  be  tlie  addition  to  the 
price,  according  to  the  distance,  fur  every  fractional  pact  of  a  mile  :  at 
tbe  rnte  per  mile  of from  id  to  St/,  do.  do.     0    Gj 

Turfing,  soiling,  and  sowing  Elopes  (incloding  cost  of  gtrijiplog  and  setting 
aside,   sncU  not  being   paid   for    in  the   earthwork),    10    inches  thick, 

from  2d,  to  Sd.  per  sq.  yard,     0    4^ 

Hetalling  surface  of  new  roads from  It.  to  3j.  do.  do.     1  llj 

Metalling    surface    of     temporary    divisions,     including    contingencies, 

fi-om  Is,  to  !i.  do.  do.     1     7 

Temporary  fencing,  from  1 1.  Sd.  to  2t.  per  fool  run. 

Tunnil. — The  advantage  of  suhetiluting  a  tunnel  for  a  cutting,  or  a  viadnet  for  ui 
embankment,  will  depend  chiefly  on  local  drcumstances,  as  the  surplus  or  deGciencj 
of  tbe  material  eicavated,  tbe  price  of  land,  and  the  geological  formation  of  the 
country.     (See  fig.  7.) 

Tbe  expense  of  a  tnnnel  will  depend  upon  tlie  strata  tbroagh  which  it  is  io  be 
carried,  and  on  the  absence  or  presence  of  valer  ;  aa  this  circumstance  can  seldom  be 
foreseen,  itiaslmostimposHblc  toform  acorrcct  estimate,  bat  careful  boring^  prevloiu 
to  commencing  the  work,  wQl  be  found  very  OKfol. 
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The  fbtloiring  prices  alien  how  mnch  they  vary  in  eipenae,  rii. 
rJjuns  of  Tuanol.  rricopary«rd. 

Birkenhe&d  TiuDe]  (single  lim)      ....  £32  in  red  undatone. 

Box  Tnonel,  im  Qrest  Weatern, 100 ,,  CM)Iitie  rock 

Bletchingle;,  SoDth-EMtcra 72 

ChelUnhUD       *.     .     .     .        34 

Cla;  Crou,  Horth.Midland 100 

QroTelj  Hill,  Brittol  nni  Birmingham      .     .        82  ,,  marl 

Kilahf,  London  and  Notth-Weateni     ...  12a 

Leads,  Leeds  and  Selh; 25  ,,  Bh*le  J(  ooftl  meuncts 

Ume  Street,  Liverpool 80  „  red  aandstone 

Eoyaton,  North.Midland 50  „  red  wndrtone 

Saltwood,  South'EmterD IIS 

Snmniit,  Hanclieslec  and  LecJa      .     ,     .     ,         ST 
Wliileball,  Eteter       E3 

The  Mpenw  of  the  Eilsbj  and  Sultwood  tunnels  was  increa«ed  b;  meeting  vitli 
Urge  qniinUtieB  of  water. 

It  maj  be  mentioned  here,  that  in  tunnelling  tbrongli  ctulli,  'pof  hold,'  are  fre- 
qnenLly  met  with,  which  ore  cylindrical  shafb,  worn  apparenll;  bj  the  rotator; 
action  of  water  and  stonei,  and  filled  genecallf  with  gravel  or  some  other  foreign 
anbctance ;  end  the  removal  of  the  chalk  from  below  the  bottom  of  these,  leaving  only 
a  thin  shell  to  support  them,  frequcnllj  causes  their  contents  to  break  thraagh,  and 
occasionallj  to  do  serious  damage  to  the  tunnel. 

Vi<tdatl$. — In  the  constractiou  of  viaducts,  either  instead  of  embankments  or  to 
carry  a  rulwaj  over  roods,  rivers,  Ac,  Engineers  appear  to  cuncnr  in  eoasidering  that 
brick  and  stone  ore  the  most  desirable  materials  to  use;  but  questions  of  economy, 
and  llie  necessity  of  crossing  large  spBOB  «ith  a  kvel  BoSit,  often  compel  tbem  to 
adopt  wood  and  iron  :  and  where  the  foundations  are  treaclieroua,  aa  in  the  mining 
districts,  or  where  the  substrata  are  compressible,  a  Sat  soffit  affords  carabilitie*  for 
lepair  nliich  are  highly  advantageous. 
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Although  it  does  not  properly  fall  within  the  present  limits  to  deaeribe  tlie  name- 
rous  Tarieties  in  the  modes  of  constmction  of  bridges  to  which  the  rapid  eztensBon  of 
railways  has  given  rise,  it  does  appear  desirable  to  state  the  effect  which  Telocity  has 
on  bridges  subject  to  deflection  in  increasing  the  strain  due  to  a  given  weight. 

^ectt  of  Velocity  on  Bridges  subject  to  Deflection. — If  a  weight  be  laid  upon  a  beam 
Buppoi-ted  at  each  end  by  props,  it  will  produce  a  deflection  ;  this  deflection  will  be 
greatest  at  or  near  the  centre,  but  the  greatest  currature  Vill  occur  at  the  point 
where  the  weight  is  suspended.  If  the  weight  be  made  to  trayerse  the  beam  with 
rapidity,  it  may  be  conceiyed  that  an  additional  effect  due  to  the  motion  of  the  body 
in  a  curve  will  be  produced,  and  that  the  re-action  of  the  beam  would  be  the  resultant 
of  this  additional  force,  which  would  act  in  the  direction  of  the  radius  of  corvatore 
and  of  the  force  of  gravity.  This  re-action  of  the  beam  may  be  resolved  into  two 
forces,  one  acting  in  the  direction  of  the  tangent  to  the  beam,  the  other  at  right 
angles  to  it ;  and  this  latter  force  would  represent  the  tendency  of  the  bar  to  break. 
It  will,  upon  consideration,  be  evident  that  the  additional  e£fect  above  mentioned 
will  vary  directly  with  the  square  of  the  velocity  and  the  deflection,  and  inversely 
with  the  length  of  the  beam.  The  mathematical  investigation  of  this  que8ti<m  is 
extremely  complicated.  The  following  is  a  short  sketch  of  the  mode  of  solution 
adopted  by  Professor  Willis  and  Professor  Stokes,  and  given  at  full  length  in  the 
Appendix  to  the  Report  of  the  Commissioners  for  inquiring  into  the  Application  of 
Iron  to  Railway  Structures. 

It  may  be  deduced,  from  what  previous  writers  on  the  strength  of  materials  have 
said,  that  if  a  weight  be  suspended  from  a  beam  (the  inertia  of  the  beam  being 
neglected,  and  the  weight  considered  as  a  heavy  moving  point),  and  if  the  deflection  at 
the  point  of  suspension  —  y,  and  the  distance  of  the  point  from  the  end  of  the  bar^aE^ 
the  half-length  of  the  bar  =  a,  and  the  weight* suspended  =  W ;  then  y = r  W  (2  o  x—a^p, 
when  c  is  a  constant  quantity  dependent  upon  the  elasticity  and  transverse  section 
of  the  bar.  Now  if  M  be  the  mass  of  the  weight,  S  the  central  statical  deflection, 
or  deflection  produced  by  the  weight  when  at  rest,  and  R  the  re-action  between 
the  Ixxiy  and  the  bar  (which,  as  the  deflection  is  small,  may  be  supposed  to  act  verti- 
callj\  the  elastic  reaction  of  the  Kir  at  any  point  (its  inertia  being  neglected)  is  equal 
to  the  weight  which,  when  sus^^ended  at  that  point,  would  depress  it  to  the  same 

y  1 

distance  below  the  horixontal  line.     Therefore,  R  =  W =  — .  -^ ;,-  :  and  if  x  «  f, 

c     (2ox— jr;'  * 

or  half  the  length  of  the  bar,  y  becomes  e<iual  to  S ;  and  if  R= Mjf  (when  g  represents 

S 

il  ff.  a' 

T«locity  s  V,  the  forces  which  act  on  the  body  are  its  gravity  and  the  re-acticm  of  the 
bar.     Whence  is  obtained  the  equation  of  motion, 


the  force  of  gravity),  c  =  — —    ^.     Now  if  the  weight  be  supposed  to  move  with  a 


which.  siuvV  V  --  j— ,  become? 

o  / 

The  int<$rstiv'>&  of  this  equatit^n  would  give  the  form  of  the  path  of  the  body. 
But  it  cannot  apfMurentlv  be  integrated  in  flnite  terms,  except  for  an  infinite  nvaiber 

of  i^artktdar  vmlncs  of  a  certain  constant  inTv>lf%d  in  it.    This  constant  has  been 

« 

tenned  A  nnd  3  *  rv^!  *  small  valne  therefoie  corresponds  to  a  skofi  bridge  and 


>  bigh  valcKntj,  and  a  Urge  Tolue  to  &  long  bridgs  uid  ■  lawat  valotutj.  If  wb  pat  g  • 
32-2  fset,  l^  length  of  bridge  in  fset,  T  =  velocity  in  fMt  pw  KcoDd,  and  S  = 
eeutnl  itaUoal  deflection  in  indites,  we  thaU  bare 


Wbea  $  it  Urge,  tlis  foltowiDg  leriea  vill  eipreu  the  ratio  of  the  central  deflection 
doe  to  the  moring  «eight=D,  to  tbe  c«nti*l  itatical  reSeeUoa  —  S. 
D  1     6_     13 

When  3  ii  eqaal  to,  or  greater  than  100,  the  fint  two  terms  of  the  nriei  will  be 
trne  to  (be  third  place  ef  dedmali ;  enbetitaUng  theieforc  the  ytia«  of  ^  ve  obtoin 


D=S 


^ir  8 


a  Telodtj 


-  Hence,  for  a  giTen  load,  the  increment  of  deflection  dne  t< 
varies  nearlj  directtj  ae  the  winare  of  tho  Tclocitr,  and  invenely  as  the  aqnare  of  the 
length  of  the  bridge,  Bnt  this  is  on  the  mppoution  that  tlie  inau  of  the  bridge  is 
inKgnificant. 

When  the  inertiais  taken  into  acconnt,  the  problem  becomes  m  complicated  (hat  its 
eomplete  solution  seems  to  elade  the  present  povers  of  analjels.  It  appears,  how- 
■TBT,  (ba(  when  0  is  less  than  about  UQitj,  the  intrtia  vill  diminish  the  centnl 
deflection  dne  to  the  moring  weight.  When  B  is  greater  than  nnitj,  the  intrtia  will 
at  first  increase  the  deflection,  and  bring  it  (o  a  maiimnm,  and  (hen  diminiih  it. 
An  appropriate  solntion  of  this  problem  has  bean  obtained  by  Hr.  Stokes,  for  (he 
two  extreme  eases  in  which  the  nass  of  the  bodf  or  maaa  of  the  bridge  are  neglected ; 
and  althoQgh  io  (he  cases  umilar  to  thtae  in  pnctice,  where  the  masses  are  Tery 
neatlj  eqnal,  the  effects  are  so  mixed  up  together  as  not  to  be  as  ;et  Fullj  dereloped, 
.  (he  following  Table,  which  has  been  calcala(ed  empirically,  will  serve  to  shew  looghlj 
the  increments  of  statical  deflection  due  to  different  conditions  of  bridges,  nntil 
further  experiments  and  a  perfected  theory  shall  have  determined  the  question  more 

In  the  follawisg  Table,  I  =  length  of  bridge  in  feet,  V^Telocit;  of  morbg  weight 
in  feet  pet  second,  S^cential  statical  deflection,  or  deflection  due  to  the  weight  a( 
re«(  on  the  centre. 


Values  of 

G 

6 

i 

10     15  '  !0 

S5 

so 

10 

-0! 
■09 

■02 

■OS 

100 
-01 

SOO 
-006 

Incrementa    of    S 
wben  mass  of  bar 
is  neglected. 

■30 

-23 

■18 

■11,  -10    -06 

■OS 

■11 

■w 

■Oi 

Increments  due  to 
the  inertia. 

■2fi 

-23 

■16 

■17    -H     '12 

-OG 

'01 

Total     increments 
ofsuticaldeflee 
tion. 

■SB 

■is 

-sr 

1 
■St  1  -ii     -18 

-14 

-12 

■10 

■06 

■QU 

To  apply  this  Tahle  to  any  giien  bridge,  the  statical  deflection  due  to  the  greatest 
load  which  is  liable  to  pass  orer  it  must  be  ascertained,  and  also  the  greatest  pro- 
bable Telocity  :  from  these  data,  and  from  the  length  of  the  bridge,  tbe  Tmlue  of 
-i^miLst  be  calculated.       The  increment  of  statical  deflection  which  correspond* 


Zi 
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to  this  valae  will  be  found  in  the  lower  line  of  the  Table ;  and  unce  for  soiaII  deflec- 
tions the  strain  may  be  considered  to  increase  with  the  deflection,  the  greatest  load  to 
which  the  bridge  could  be  practically  exposed  should  be  diminished  in  the  proportion 
of  the  total  increment  of  statical  deflection  in  the  Table. 

Strength  of  Iron. — The  cheapest  and  most  preralent  description  of  iron  bridges  in 
use  upon  railways  is  the  simple  cast-iron  girder  bridge,  and  the  form  nsually  adopted 
is  that  recommended  by  Mr.  Ilodgkinson,  the  top  and  bottom  flanges  being  made 
parallel  for  conTeuieuce,  and  the  sectional  area  of  the  bottom  flange  being  made  from 
four  to  six  times  greater  than  that  of  the  top,  on  tlic  Fig.  s. 

assumption  that  the  strength  of  cast  iron  to  resist  a  ^ A_ 

tensile  force  is  less  than  its  strength  to  resist  a 
crushing  force  in  that  proportion  ;  and  the  breaking 
weight  may  be  calculated  from  the  following  formula, 
where  W=  breaking  weight  in  the  middle  of  the  beam, 
{  =  distance  between  the  supports,  in  feet,  a  =  area 
of  section  of  bottom  flange  in  the  middle,  d  =  depth  i 
of  beam  in  the  middle, — 

«r     2-166  a  cf 

or,  the  effect  of  the  Tertical  part  between  the  flanges  is  included,  and  <2  =  A  C  = 
whole  depth,  d'  —  AB  =  depth  to  bottom  flange,  5  =DE  =  breadth  of  the  bottom 
flange,  b*=¥Q  =  thickness  of  the  vertical  part, 

The  following  formulae,  expressing  the  reUtion  between  the  extension  and  com* 
pression  of  cast  iron,  and  the  weight  producing  them  respectively,  are  given  in  the 
Report  of  the  Commission  on  the  Application  of  Iron  to  Railway  Structures,  vis. 

e  ^ 

For  extension,    w=  13984040- — 209743200075» 

d  cP 

For  compression,  w?  =  12931560- 622979200  «» 

where  w  =  weight  jier  square  inch  of  section,  I  =  length  of  bar  in  inches,  e  =  exten- 
sion in  inches,  d  =  compression  in  inches. 

Formulae  have,  however,  been  derived  by  Mr.  Tredgold  from  the  same  experiments, 
which  appear  to  be  more  convenient  In  calculating  the  strength  of  beams,  from  the 
consideration  of  the  forces  of  extension  and  compression  acting  round  the  neutral 
axis  :  the  formulae  are — 

«        .      .                 14173080  c 
For  extension,      w  =  -: , 

/  + 288-84  c 

„                   .              13002840ce 
For  compression,  w  = 

'         l+5VQd 

The  mean  tensile  strength  of  cast  iron  is  1571  libs,  per  square  inch,  and  the 
ultimate  extension  ^  of  the  length  :  this  weight  would  compress  a  bar  of  cast  iron 
of  the  same  section  ^^  of  its  length.  The  general  ratio  of  the  power  of  cast  iron  to 
resist  tension  to  that  to  resist  compression  is  1  :  56603.  In  wrought  iron  the  exten- 
sions and  compressions  with  equal  weights  are  nearly  equal,  and  a  rod  will  extend 
'01124  inch  for  each  foot  in  length  with  a  weight  of  11  tons  per  square  inch.  Up 
to  this  weight  the  extension  may  be  assumed  to  vary  nearly  with  the  weights ;  bat 
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beyond  it  the  elasticity  is  considerably  injured.  Cast  iron  is  decreased  in  length 
by  compression  about  double  the  amount  that  wrought  iron  is  with  equal  weights, 
whilst  the  ultimate  strength  of  cast  iron  to  resist  compression  is  twice  or  three  times 
as  great  as  that  of  wrought  iroa.  Cast  iron  will  not  bear  reiterated  flexure  due  to 
more  than  ^rd  of  its  breaking  weight ;  and  on  account  of  the  concussions  to  which  it 
is  exposed  in  railway  bridges,  it  is  considered  that  the  ultimate  strength  of  cast-iron 
girders  should  be  equal  to  three  times  the  permanent  load,  and  six  times  the  greatest 
moving  load  that  could  come  upon  the  bridge.  Judging  from  the  structures  of  .the 
most  eminent  Engineers,  it  would  appear  that  they  consider  5  tons  per  square  inch  as 
the  greatest  strain  to  which  wrought  iron  should  be  permanently  exposed  in  railway 
bridges.  The  strength  of  plates  of  wrought  iron,  when  compressed  to  resist  buckling, 
will  vary  nearly  as  the  cube  of  their  thickness  up  to  about  9  tons  per  square  inch  ; 
beyond  this  the  metal  becomes  injured,  and  the  increase  of  strength  will  be  more 
nearly  in  proportion  to  the  thickness.  Riyeting,  when  executed  in  the  best  manner, 
will  reduce  the  tensile  strength  of  wrought-iron  plates  to  about  |rds.  Long-continued 
impact  on  riveted  tubes,  producing  a  deflection  of  less  than  one-fifth  of  what  would  be 
required  to  injure  the  tube  by  pressure,  was  shewn  by  Mr.  Hodgkinson's  experiments 
to  be  totally  destructiye  to  the  riveting. 

Bridges, — The  dimensions  for  bridges  over  roods  will  of  course  be  regulated  by  the 
nature  of  the  traffic  upon  them  :  in  this  country,  unless  other  sices  are  provided  by 
the  Special  Act,  the  Railway  Clauses  Consolidation  Act  allows  the  following  minimum 
dimensions,  viz.  For  a  turnpike-road,  the  height  from  the  ground  to  the  springing  of 
the  arch,  12  feet ;  height  to  the  crown  of  the  arch,  16  feet ;  span,  85  feet :  for  a 
public  carriage-road  the  height  must  be  15  feet  to  the  crown  of  the  arch,  and  the  span 
25  feet ;  and  for  a  private  carriage-road  the  height  must  be  15  feet ;  and  the  span  12 
feet.  By  the  same  Act,  the  steepness  of  the  approaches  to  bridges  is  also  regulated, 
viz.,  the  greatest  slope  for  a  turnpike-road  is  1  in  30  ;  for  a  public  carriage-road,  1 
in  20  ;  and  for  a  private  carriage- road,  1  in  16.  It  should,  however,  be  remembered 
that  whilst  a  moderate  incline  would  be  very  severely  felt  where  the  adjacent  roads 
are  level,  in  hilly  country  it  would  scarcely  be  perceived.* 

The  average  cost  of  bridges,  including  the  approaches,  in  this  country,  may  be 
roughly  assumed  at — for  turnpike-roads  £2000  each  ;  for  public  carriage-roads,  from 
£1000  to  £1500  ;  and  for  farm  or  occupation  roads,  from  £300  to  £500  each. 

The  following  list  of  prices  for  buildings,  &c.,  may  be  considered  as  an  approximate 
average  of  the  cost  in  this  country  : 

Average. 
Masonry — of  fitted  rubble  set  in  mortar,  including  all  erections,  cen-     £    «.     d. 
tering,    scaffolding,    excavation  of   foundations,    backing,     and 
all  contbgent  work    necessary   in   the   construction    of   tun- 
nels,      from  2 5«.  to  45*.  per  cubic  yard,      1     13    0 

Ditto  — arches,  spandril  walls,   or  parapet  of  culverts,  or  any  other 

work  not  exceeding  2  feet  in  thickness,  from  16*.  to  25«.  do.  do.      0     19     0 
Ditto  — retaining  walls,  wing  walls,   and  abutments,  and  all  work 

exceeding  2  feet  in  thickness, do.  do.      1       2     0 

Ditto  — of  common  rabble  in  boundary  walls,  from  10«.  to  14s.  do.  do.      0     12    0 
Brickwork — set  in  mortar,  including  all  erections,  centering,  scaffolding, 
excavation  of  foundations,  backing,  and  all  contingent  work  ne- 
cessary in  the  construction  of  tunnels,  from  2S«.  to  32*.  do.  do.      1     10    0 


*  Tables  shewing  the  ratio  in  wluch  the  quantities  of  materiala  for  bridges  increase  with  the 
increase  of  height  are  given  in  the  article  'Passage  of  Rivers/  p. 09. 
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Brieiwork^tuekm,  ipandril  wmUi,  or  pArapeti,  or  in  eolferl^  or  all  £  §,  d, 
work  Dot  exceeding  2^  bricks  in  thickness,  from  17f.  dd.  to  85f. 

per  oabio  ymrd,  1  4  0 
Ditto  — retainuig  walls,  wing  walls,  and  abatments,  and  all  work 

exceeding  2^  feet  in  thickness,    .     .     from  lis,  to  80f.  do.  do.  1  0  0 
Addition  to  above,  if  set  in  Roman  cement,  .  from  5s,  to  10s. 

do.  do.  0  7  6 

Ditto                   ditto            for  tunnel,  from  2t,  to  7«.  do.  do.  0  4  6 

Coping  of  brick,  set  in  cement,  .     .  from  la,  6d,  to  28,  per  cnbio  foot^  0  19 

Block  stone  in  courses,  set, do.  do.  0  16 

Coping  string-courses  in  stone,  dressed  and  set,  28.  to  3«.  6d.  do.  do.  0  3  0 

Ashlar,                 ditto                     ditto do.  do.  0  8  4 

Concrete,  including  excaration,  .  .  from  6«.  to  10«.  per  cubic  yard,  0  8  0 
Ttm^-ioorl;— fir-framed,  creosoted,  carried  and  fixed  in  plaoe,  including 

pile-driving  and  all  contingencies,  frt)m  3«.  Zd.  to  5«.  do.  do.  0  8  6 

Wrought  iron — fixed  and  painted,     .    .     .     from  £18  to  £38,  do.  do.  27  0  0 

Cast  iron — fixed  and  painted,     .     .     .     from  £10  to  £17  10«.  do.  do.  12  0  0 

Level-Cro98ing8.—8iifeij  requires  that  level  crossings  should  be  used  as  rarely  as 
possible.  When  unavoidable,  the  line  should  be  visible  for  some  distance  on  each 
side,  and  a  policeman  or  gate-keeper  should  be  stationed  at  every  crossing  of  a  public 
road.  In  some  cases,  particularly  where  persons  on  the  crossing  cannot  command  a 
good  view,  or  where  the  crossing  is  approached  by  a  steep  gradient  on  the  railway, 
signals  should  be  introduced.  The  average  cost  of  a  level  crossing,  with  gates  and  a 
porter's  lodge,  is  £450  ;  a  paved  crossing,  with  gates  for  an  occupation-road,  wiU 
average  £40.     (See  Plate  III.) 

The  number  of  communications  per  mile  across  railways,  taken  from  an  average  of 
1200  miles,  selected  from  different  parts  of  the  country,  is  8*31,  classed  as  follows  : 
bridges  over  the  railway,  '9  per  milo ;  bridges  under  the  railway,  *96  ;  level-oro8sing% 
1-45. 

Draining. — It  is  essential  that  the  slopes  and  revetment  walls  of  cuttings  be  well 
drained,  as  also  the  roadway.  (See  Plates  I.  II.)  Water  should  be  prevented  from 
accumulating,  and  wherever  it  is  known  to  exist,  its  immediate  source  should  be 
traced,  for  it  is  to  the  neglect  of  this  precaution  that  most  failures  of  works  can  be 
attributed.  In  solid  earth  or  rock,  good  ditches  will  suffice  for  the  side  drains  ;  but 
where  depth  is  required,  or  where  the  earth  is  soft  or  wet,  the  sides  must  be  revetted. 
The  expense  of  culverts  may  be  supposed  to  average  £400  per  mile. 

Formation, — The  width  of  the  formation  varies  from  28  to  81  feet,  and  the  centre 
is  usually  raised  from  3  inches  to  6  inches  above  the  sides,  for  the  sake  of  drainage. 

Permanent  Way, — The  permanent  way  comprises  the  ballasting  with  the  rails  and 
their  supports  ;  in  fact,  all  between  the  formation  and  rail  leveL  The  ballast  should 
be  generally  not  less  than  18  inches  in  thickness  between  the  formation  level  and  the 
sleepers  carrying  the  rails,  but  this  depth  varies  with  the  nature  of  the  substratum  on 
which  it  is  placed  ;  it43  use  being,  in  bad  soil,  to  produce  a  distribution  of  the  rolling 
weight  over  a  larger  surface  than  that  immediately  beneath  the  sleeper,  and  to  keep 
the  latter  dry.  For  this  surpose,  the  formation  should  have  been  first  carefully 
formed  with  side  ditches,  and  sloping  from  the  centre  towards  both  sides.  Too  much 
attention  cannot  be  devoted  to  this  subject,  as  much  of  the  permanent  cost  of  working 
depends  upon  the  goodness  or  otherwise  of  the  permanent  way,  one  principal  element 
in  the  maintenance  of  which  is  a  well-drained  substratum  upon  which  it  may  rest. 
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RaiU. — Rails,  aa  laid  at  present,  may  be  classified  under  two  general  forms,  the 
requirements  of  which  are  somewhat  different  according  to  the  means  of  support 
adopted.  The  double-headed  rail,  modifications  of  which  are  shown  in  Plates  lY.  Y., 
has  been  generally  used  upon  bearings  at  varying  distances  formed  by  sleepers  9  feet 
long,  with  a  section  of  not  leas  than  about  80  square  inches  :  between  each  of  these 
sleepers  the  rail  forms  a  bridge  upon  which  the  wheels  travel.  In  this  case  the 
rail  requires  such  a  depth  and  section  that  the  passmg  weights  shall  produce  no 

Fig.  9. 


Edge-Rail,  with  transverse  Sleepers. 

great  deflection,  even  thoagh  by  an  Inequality  in  the  road,  or  other  cause,  the  weight 
of  a  pair  of  wheels  be  thrown  upon  one  rail,  and  an  occasional  bearing  be  absent  or 
defective.  The  weight,  according  to  present  practice,  to  be  provided  against  may 
be  taken  as  5  tons  upon  one  wheel,  so  that  10  tons  should  not  produce  a  great  defiee- 
tion  at  a  double  distance  or  interval.  It  is  obvious  that,  in  every  description  of  per- 
manent  way,  the  joint  of  the  rail  must  be  the  weakest  point,  as  ffur  as  the  rail  itself 
is  concerned,  and  will  require  therefore  to  be  specially  strengthened  by  artificial 
means.  In  the  transverse  sleeper  road,  these  means  are  provided  by  shortening  the 
bearings,  or  bringing  the  sleepers  nearer  to  each  other  as  they  approach  the  joints, 
and  by  placing  larger  sleepers  or  chairs  under  the  joints,  and  by  connecting  adjacent 
rails  at  the  joints  by  fish  plates,  or  bracket  chairs,  or  some  other  means. 

The  other  dass  of  rail  in  general  use  is  known  under  the  name  of  the  bridge-rail,  being 
of  the  form  shown  in  Plate  YI.  It  is  usually  placed  upon  longitudinal  sleepers  or 
bearers,  which,  have  a  continuous  bearing  upon  the  ballast,  and  therefore  it  does  not 
require  to  be  so  strong  and  stiff  as  that  used  with  supports  having  intervals  or  spaces 

Pig.  10. 


Bridge-Rail,  with  longitudinal  Bearings. 
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between  them.  Tbe  sleeper  and  rail  in  this  case  form  a  joint  beam,  and  nnder  the 
supposition  that  they  are  ererywhere  adequately  supported,  no  strain  is  bnmghi 
upon  them  beyond  the  mere  crushing  force  of  the  rolling  weight.  This,  howerer, 
cannot  well  be  the  case  in  practice,  as  no  perfectly  incompressible  substance  can  be 
placed  under  the  sleepers ;  and  hence  the  effect  of  the  rolling  weight  is  at  length 
to  permit  a  small  depression  throughout  the  whole  length  of  the  rail,  which  causes 
tbe  wheel,  as  it  were,  to  be  always  working  against  an  ascending  or  curred  incline. 
In  this  description  of  permanent  way,  the  timber  sleepers  are  generally  14'  x  7' 
in  section,  breaking  joint  with  the  rails  and  with  the  sleepers  of  tbe  opposite 
rails,  and  they  are  kept  apart  and  in  proper  relative  position  as  to  cant  by  cross 
timbers  or  transoms  notched  in  between  them  at  every  10  or  15  feet  (the  shorter 
distance  applies  to  cunres),  to  which  straps  of  iron  are  bolted,  the  bolts  passing 
through  the  sleepers,  and  bcbg  fixed  by  nuts  and  washers  on  the  outside  to  preyeni 
tbe  rails  from  spreading.  The  rails  arc  £utened  to  the  longitudinal  bearers  by  bolts 
passing  through  both,  having  large-beaded  fiinged  nuts  on  the  under  side,  the  fimgs  or 
prongs  serving  to  hold  the  nut  firmly  to  the  timber,  and  short  plates  of  wrought  iron 
are  placed  under  the  joints,  to  prevent  tliem  from  working  into  the  timber.  By  this 
it  will  be  seen,  that  supposing  the  rails  to  be  16  feet  in  length,  and  the  gauge  or 
width  between  the  rails  4  feet  8  J  inches,  there  will  under  each  line  of  railway,  for  a 
single  length  of  rail,  be  an  area  bearing  npon  the  ballast  of  37  feet,  requiring  about 
224  cubic  feet  of  timber. 

Supposing  tbe  transverse  sleepers  to  be  adopted,  five  in  number  to  each  length  of 
rail,  and  9  feet  in  length,  in  order  to  afford  an  equal  bearing  upon  the  ballast,  they 
should  be  10  inches  wide  ;  and  taking  them  at  6  inches  in  depth,  which  is  the  least 
that  should  be  adopted,  18}  cubic  feet  will  be  required  for  16  feet  of  railway  :  this  is 
under  the  supposition  that  the  whole  of  each  sleeper  bears  upon  the  ballast,  which  in 
practice  is  never  found  to  be  tbe  case,  as  tbe  plate-layers  usually  pack  up  the  ends  of 
the  sleepers  and  leave  the  middle  untouched.  Now,  from  what  has  been  before 
stated,  the  bridge-rail  docs  not  require  to  be  so  stiff  and  strong  as  the  rail  upon 
supports  at  intervals,  and  it  may  be  assumed,  that  a  rail  weighing  60Ibs.  per  yard, 
upon  the  former  is  as  effective  as  one  weighing  70  or  75Ibs.  upon  the  latter ;  and 
again,  the  latter  requires  cast-iron  chairs  for  seating  it  upon  the  sleepers,  which 
generally  average  about  one-tbird  the  weight  of  the  rail,  with  a  slight  addition 
in  weight  to  the  chair  which  contains  the  joints  of  the  rails ;  so  that,  as  regards  the 
expense  of  material,  it  appears  that  upon  a  gauge  of  4  feet  8  4  inches,  the  rail  npon 
continuous  bearings  is  cheaper  than  that  upon  supports  at  intervals.  As  regards 
efficiency,  the  question  between  the  two  systems  admits  of  some  doubt :  the  continuouB 
bearing  is  probably  more  difficult  of  removal  in  case  of  decay,  and  its  maintenance 
is  troublesome.  Upon  the  stability  and  condition  of  the  permanent  way  depends 
in  a  great  measure  the  expense  of  the  working  of  the  railway.  Inequalities  in  the 
road  may  be  considered  as  synonymous  with  increase  of  power,  in  proportion  to 
weight  moyed,  with  reduction  in  speed  when  like  weights  are  moved,  and  in  both 
cases  increased  wear  and  tear  upon  the  moving  btock;  and  in  proportion  as  the 
moving  weights  become  unsteady,  tbe  difficulty  and  consequent  expense  of  properly 
maintaining  the  road  increases,  each  acting  upon  the  other  in  a  direct  proportion.  It 
is  evident,  therefore,  that  the  solidity  and  good  construction  of  the  permanent  way 
are  of  the  first  importance  ;  and  to  establish  it,  the  following  points  are  those  princi- 
pally to  be  attended  to  : 

1st.  The  draining  of  tbe  formcUhn  surface. 

2ndly.  The  nature  of  the  balhist,  which  should  be  easily  permeable  by  water,  and 
at  the  same  time  hare  a  sufficiency  of  fine  materials  to  bind  it  together  to  a  certain 
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extent.*  It  should  not  be  of  so  light  a  natare  as  to  produce  dust,  or  to  he  easily 
raised  by  the  current  produced  by  passing  trains,  or  by  wind,  and  so  get  into  the 
working  parts  of  the  engine  or  the  axle-boxes  of  the  carriages,  and  also  incommode 
travellers.  When  broken  stone  can  be  obtained,  it  may  be  considered  to  form  the 
best  ballast,  provided  a  fbw  inches  of  gravel  or  very  small  stone  be  laid  between  it 
and  the  timber. 

Srdly.  The  smoothness  of  the  joints  of  the  rails,  to  effect  which  care  should  be  taken 
that  the  rails  are  square-butted  and  well  seated  on  the  chairs  or  longitudinal  timbers, 
and  80  fixed  that,  in  expanding  and  contracting  from  the  effects  of  tem[>erature,  the 
intervals  between  the  rails  shall  not  much  vary :  these  intervals  are  often  increased 
in  the  case  of  transverse  sleepers  by  the  effect  of  the  traffic  passing  always  in  one 
direction  and  drawing  the  rail  in  the  direction  of  motion.  The  perfection  of  a 
permanent  way  is  for  every  part  to  be  alike  in  solidity  and  smoothness  ;  and  for  this 
purpose  the  attention  of  the  Engineer  should  be  especially  directed  to  the  joints, 
which  are  naturally  the  weakest  points  in  the  rails.  When  railwsys  were  first  com- 
menced, machinery  not  being  so  perfect  as  it  is  at  present,  it  was  found  impracticable 
to  obtain  rails  of  sufficient  weight  of  greater  lengths  than  15  or  16  feet;  but  by 
improvements  in  the  process  of  manufacture  they  may  now  be  procured  of  nearly 
double  that  length.  It  is  therefore  advisable,  in  determining  the  rails  for  a  railway, 
to  ascertain  to  what  lengths  rails  of  the  required  weight  can  be  rolled,  and  to  adopt 
those  of  the  greatest  length,  even  at  an  increased  cost,  as  the  joints  or  weak  parts 
decrease  in  the  ratio  of  the  length  of  each  rail,  and  there  is  a  corresponding  reduction 
in  the  means  to  be  applied  to  stiffen  the  joints,  and  in  the  labour  necessary  to  maintain 
them.  In  the  comparison  of  the  two  systems,  it  should  not  be  omitted  that  until  the 
introduction  of  the  fished  joint  the  continuous  bearing  had  a  decided  superiority  over 
the  ordinary  transverse  sleeper  road,  by  dispensing  with  the  cast-iron  chairs,  which 
often  break,  with  the  oak  keys  used  to  fasten  the  rail  in  the  chair  :  these  keys,  by  the 
eifeet  of  the  atmosphere  (damp  expanding  and  dry  hot  weather  contracting  them),  are 
constantly  varying  even  in  the  same  day  from  tight  to  loose,  and  vice  versd,  and  are 
acted  upon  by  the  friction  of  the  rail,  which,  in  expanding,  contracting,  and  deflecting, 
tends  to  move  them,  so  that  they  are  a  constant  source  of  anxiety,  and  require  to  be 
examined  daily  at  least  once,  and,  where  there  is  a  night  traffic,  twice.  It  is  a  very 
common  thing  for  the  key  of  the  joint  chair  to  work  clear  of  the  joint,  and  so  leave 
the  rail  at  that  point  without  lateral  support,  which  must  be  highly  dangerous  to 
palming  trains.  But  the  fished  joint  and  other  improved  means  of  securing  the  joints 
lately  introduced  have  raised  the  transverse  sleeper  road  to  a  level  with  the  other. 


*  The  following  rates  may  be  assumed  as  the  approximate  cost  of  ballasting  in  this  country : 

Average  per  cubic  yard. 
8.   d. 
Excavating,  carrying,  depositing,  and  spreading  material  for  ballast,  fh>m 

U.6d.to3n.     2    li 
If  obtained  from  the  necessary  excavation  of  permanent  cutting,  and  paid 
for  once  as  earthwork,  and  with  a  lead  not  exceeding  half  a  mile     .        .20 

Broken  stones  or  coarse  ballast from  1$.  M.  to  St.    2    2J^ 

Burnt  clay '.  ftt>m  2t.  M.  to  As.  6d.    3    6 

Gravel  or  other  fine  ballast from  l«.  2(^  to  2».    1    7 

If  obtained  from  side  cuttings  or  elsewhere,   and  not  othervnso  paid  for  as 
earthwork : 
Broken  stone  for  coarse  ballast     ......      from  2g.  to  3jt.     2    6 

Burnt  clay from  ^t.  to  U  6d.    8    9 

Gravel  or  other  fine  ballast from  Ix.  6t/.  to2s.  (ki.    2    0 

If  the  lead  exceeds  half  a  mile,  addition  to  the  prices  named,  according  to 
the  increase  of  distance  for  any  fractional  part  of  a  mile,  at  the  rate  per 

mile  of from  4d.  to  Sd.    0    5^ 

TOL.  III.  Q 
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TIm  danger  spprehcDdfd  rrom  the  use  oT  the  cbair  and  ke;  hu  iodaeed  the  iiitn>- 

dactioD,  on  the  IriEh  nitways,  b;  ru  emineiit  Bngineer,  of  >  KjBtam  eambinlng  the 
two,  the  bridge-rail  being  siiiked  directly  to  tnuuTene  sleepen,  by  vbicli  meana  the 
ehair  is  diHpcsaed  with. 

Other  Engineers  have  endeaioamd  to  combiDe  the  tvo  qystemi  by  plaolng  tnuia- 
Terse  sleepers  aniler  the  continuoua  or  loogitudioBl  beareiB.  This  lyilem  appeon 
blUcioDB,  for  prscticdly  Iba  taa  are  nerer  equally  packad,  and  so  Che  loagitndinal 
haaier  aod  ntil  become  a  combined  beam  to  tappon  the  tolling  vwght  orer  tlM 
■pace  between  the  traneTerse  eupports,  which  ate  in  Tact  the  pien  of  a  aeries  of  small 
bridge!  ;  and  unless  the  spans  are  small,  this  combined  girder  is  found  not  to  be 
■ufficieatly  rigid. 

To  remedy  the  defects  of  eitsUng  pennanent  ways,  and  leiDore  tke  perishable 
material,  timber,  which  is  fonnd  to  be  a  costly  item  in  the  working  sxpense*  of  rail- 
ways, Tarious  schemes  have  been  proposed,  more  eapeciallj  of  late :  bat  as  theii 
reapeotive  meriti  have  nnt  yet  been  fuily  tested,  it  would  be  premature  in  thia  pla«e 
to  describe  them.  The  aluie  principles  will,  howeTer,  apply  in  considering  them, 
which  it  is  strongly  recommended  should  be  carefnlly  done  by  any  peraon  about  to 
commence  an  cxtensiro  work  of  this  nature.  The  systetn  pateuted  by  Mr.  W.  H. 
Bailow,  Engineer  to  the  Midland  Railway  Company,  appears  to  affaid  the  gre&tcat 
promise  of  snecess  as  applied  to  a  new  line ;  in  it  the  bridge- 
l-ig.  11.  ^jj  ^g  extended  to  a  width  of  about  15  inches,  the  bottom 

lining  downwards  ftnm  the  centre,  aa  ahown  in  the  a»- 
ujian^'lng  figure,  to  preient  the  balUat  fi«ni  ipifading, 
is  pcopoecd  to  make  the  joints  by  an  iron  chair  of  large 
EeneioDsand  ties  uf  broad  wrought  iron.  Thiaioad  ishov- 
erer  found  to  be  lery  hard,  and  easily  knocked  to  pieces, 
A  cast-iroQ  longitudinal  sleeper,  with  chairs  attached,  bos  also  been  proposed,  and  it 
•ppean  likely  to  be  useful  in  (.DabUag  old  lines  to  gettheireiisting  rails  worn  out  withont 
a  constant  expense  for  the 
remoTal  of  timber.  The 
latter  item  has,  however, 
been  very  much  increaied 
to  Ibem  by  saffieieat  oat 
Dot  having  been  taken  in 
the  selection  of  the  timber 
in  the  firat  instance  ;  and 
the  defects  in  the  timber, 
by  allowing  inequalities  to 
arise  in  tbe  roadway,  hara 
Canned  tbe  rails  to  we^r 
oat  much  more  npidlj 
than  the;  otherwise  wonld 
hare  done.  In  considering  all  ths  Tarious  systems  of  permanent  way,  it  behoves 
Engineers  in  future  to  profit  by  the  experience  whicb  bos  been  already  aoqniied,  and, 
upon  tbe  facta  to  be  adduced  therefrom,  either  to  adopt  the  best,  oc  by  oombinaCion 
and  inventiou  to  produce  a  more  perfect  road. 

QiuUiliei  nf  Iron, — Onder  the  head  of  permanent  way,  it  appears  necessai?  to 
draw  attention  to  the  manofairture  of  iron,  as  the  quality  of  the  metal  Is  found  to 
differ  very  materially  ;  hat  as  this  is  n  subject  in  itself,  those  points  only  wilt  be 
alluded  to  which  require  particular  notice,   and  are  detidtrata  in  the  mun&ctnra 
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let.  Rails  should  not  be  of  too  ahoii  or  brittle  a  nature. 

Sndly.  They  should  present  a  hard  8arfiM;e  to  the  passing  wheels. 

Srdlj.  The  pile  should  be  carefully  made  to  combine  the  last  desideratum  with  a 
power  to  resist  crushing  or  disintegration  at  the  welds  formed  liear  the  upper  sur&ce 
in  rolling  ;  or,  in  other  words,  tbey  should  not  he  liable  to  lamination. 

4thly.  The  ends  should  be  square-butted. 

5thly.  The  rail  should  be  straight,  eren,  and  uniform. 

To  ascertain,  as  far  as  possible,  on  obtaining  rails,  that  due  attention  in  their 
manufacture  has  been  bestowed  xLipou.  them,  it  would  appear  desirable  to  select  a 
certain  proportion,  and  after  having  gauged  them  by  templates  and  weighed  them, 
to  obtain  their  deflections  under  dead  pressure,  and  their  power  to  resist  fracture  bj 
impact. 

The  weight  to  which  rails  can  be  rolled  is  limited  only  by  the  power  of  rolling  the 
iron  fibrous  and  sound  :  they  have  been  rolled  to  more  than  lOOUbs.  per  yard.  No 
accurate  ayerage  of  the  wear  and  tear  due  either  to  the  passage  of  trains  or  to  the 
weather  has  been  published  ;  but  the  destruction  of  the  rail  is  generally  due  to  lami- 
nation. To  guard  against  this,  it  has  lately  been  proposed  to  harden  the  upper 
tmh/oe  of  the  rails  and  render  the  lower  flange  fibrous,  by  adding  a  small  proportion 
of  tin  in  the  first  case,  and  of  calamine  in  the  second,  to  the  iron  in  the  puddling 
fnmaoe. 

In  laying  the  permanent  way  of  a  railway  in  those  positions  where  it  passes  round 
eures,  it  is  considered  adyisable,  in  order  to  diminish  the  resistance,  to  lay  the  rails 
sligfatly  wide  in  gauge,  to  the  extent  of  probably  a  quarter  of  an  inch,  and  by  raising 
the  outside  rail  to  counteract  the  centrifugal  force  consequent  upon  the  movement  of 
the  train  in  a  curve.  To  estimate  the  amount  of  this,  if  v*  represent  the  velocity  of 
the  carriage  in  feet  per  second,  and  /  represent  the  radius  of  the  curve  in  feet,  the 

effect  due  to  the  centrifugal  force  will  be —  ;  and  if  a;  =  the  super-elevation  of  the 

outer  rail,  and  w  =  width  of  gauge  (expressed  in  the  same  denomination  as  the  super- 
elevation), which,  as  a;  is  small,  may  be  assumed  equal  to  the  length  of  the  inclined 
plane  formed  by  super-elevating  the  outer  rail, — then,  since  a  body  would  Cull  16*1 

feet  in  a  second  by  gravity  alone,  16*1-=  tendency  of  the  body  to  slide  down  the 

w 

inclined  plane  by  which  the  centrifugal  force  is  to  be  counteracted. 

Therefi}re,  to  determine  the  super-elevation  of  the  outer  rail, 

—  X  lo'l  =  — ^.ora:= ; 

w  2/  82  2*^ 

and  if  V  =  velocity  in  miles  per  hour, 
and   r    =  radius  of  curve  in  chains, 

we  shall  obtain  x  = w,  nearly. 

1000  r 

Hence  the  super-elevation  of  the  outer  rail  increases  directly  with  the  vridth  of 
gauge  and  the  square  of  the  velocity,  and  inversely  with  the  radius  of  curvature ;  and, 
theoretically,  the  limit  to  which  it  can  be  carried  appears  to  be  the  point  at  which 
liaekages  in  goods  carriages  moving  at  low  velocities  would  not  be  liable  to  displace- 
ment. When  the  superelevation  of  the  outer  rail  is  great,  and  must  be  attained 
gradually,  the  curvature  at  each  point  should  be  proportioned  to  the  elevation,  and 
this  would  form  a  curve  approaching  to  a  parabola.  If,  instead  of  considering  the 
laid  down  in  a  curve,  each  rail  be  looked  upon  as  the  side  of  a  polygon  inscribed 

Q  2 
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in  a  circle  whose  radios  is  the  radius  of  citrvatnre,  as  is  generally  the  ease  in  praetioe 
with  rails  when  first  laid,  different  conditions  will  ensue ;  bat  it  is  found  that  hj  urn 
the  rails  soon  assume  the  form  of  a  curve. 

Practically,  the  limit  to  which  the  super- elevation  of  the  outer  rail  can  be  carried, 
is  about  4  inches  on  the  narrow,  and  6  inches  on  the  broad  gauge,  and  the  eloTation 
of  the  rail  is  commenced  on  the  tangent  before  the  curve  is  entered  upon.  The 
distances  usually  allowed  between  the  lines  of  rails  in  a  double  railway  is  6  feet, 
which  amply  provides  for  the  security  of  carriages  and  trucks  of  the  construction  in 
ordinai'y  use  on  railways  in  England. 

Points  and  S^citches. — In  order  to  pass  from  one  line  of  rails  to  another,  eroflH-over 
roads  are  introduced  (see  Plates  V.  YII.) :  these  should  in  all  cases  be  placed  near 
stations,  in  order  that  the  points  may  be  under  the  surveillance  of  trustworthy 
persons,  if  possible  the  signal-men,  — as  indeed  should  be  all  points  :  a  drawing  of 
Wild's  patent  point  or  switch,  apparently  combining  all  the  advantages  of  those  in 
general  use,  is  given  in  Plate  V. 

Points  sliould  in  double  lines  be  placed  so  that  trains  in  passing  over  them,  in  the 
right  direction  of  the  traffic  on  the  line  on  which  they  are  moving,  cannot  leave  their 
line  without  backing,  either  to  pass  into  a  siding,  or  into  the  opposite  line  of  way. 
This  remark  does  not  apply  to  junctions  or  even  to  principal  sidings,  on  lines  of  very 
heavy  and  continuous  traffic,  where  the  intervals  between  the  trains  are  very  shorty 
and  where  the  obstruction  produced  by  stopping  a  train  and  moving  it  backwards  to 
get  into  a  siding  or  on  to  another  line  of  rails,  may  produce  risk  of  a  collision.  This 
latter,  however,  is  a  case  that  can  only  rarely  occur,  and  almost  exclusively  in  situ- 
tions  where,  from  the  inclination  of  the  railway,  it  becomes  necessary  to  move  Uie 
train  backwards,  or  shuvt  against  the  gradient. 

Turn-tables. — To  enable  single  carriages  to  be  shifted  from  one  line  of  nuls  to 
another,  and  to  enable  engines  and  tenders  to  be  turned  round,  turn-tables  are  used. 
They  are  practically  formed  of  a  pair  of  girders  of  sufficient  length  to  receive  the  wheels 
of  a  carriage,  braced  together,  and  revolving  round  a  pivot ;  and  hence  simplicity  and 
strength  are  the  main  desiderata  in  their  construction.  They  are  gonernlly  from 
11  feet  to  13  feet  in  diameter,  and  those  for  turning  an  engine  and  tender  without 
uncoupling,  30  feet  in  diameter.  The  small  ones  have  usually  been  made  of  cast 
iron,  but  lately  boiler-plate,  strengthened  with  angle-iron,  has  been  proposed  bj 
Mr.  P.  W.  Barlow.  Great  solidity  in  the  foundation,  to  insure  an  equal  bearing,  is 
required,  and  the  tables  may  revolve  on  rollera  or  on  shot.  A  pair  of  iron  girders  or 
wooden  beams,  braced  together  and  supported  at  the  centre  and  ends  on  rollers,  to 
which  rack  and  pinion  work  is  attached,  form  a  good  substitute  for  a  turn-table. 
Rolling  platforms  are  occasionally  used  to  transfer  carriages  from  one  line  of  rails  to 
another.     (See  Plates  VIII.  IX.  X.  XXVI.  XXVII.) 

Sidings. — Sidings,  or  branch  railways,  for  the  reception  of  trains  or  carriages  which 
are  required  to  be  off  the  main  line,  are  provided  at  or  near  stations,  as  well  as,  at 
intervals,  on  railways  with  only  a  single  line  of  rails  :  except  near  the  points  of 
junction,  they  should  be  at  least  6  feet  distant  from  the  main  line,  as  should  also  be 
all  parallel  lines  of  rails. 

Sif/nah. — The  question  of  signals  on  railways  is  one  of  paramount  importance  ;  for 
the  freedom  of  trains  from  accidents  when  moving  at  high  velocities  depends  greatly 
upon  the  facility  with  which  signaU  are  seen,  and  the  efficiency  with  which  they  are 
worked.  At  all  places  on  a  railway  where  engines  or  trains  are  usually  stopped,  per- 
manent signal-posts  should  be  erected,  by  meaos  of  which  easily  intelligible  signals  may 
be  made  in  each  direction,  and  also  at  level  crossings  near  curves  or  steep  gradients, 
where,  the  view  being  obstructed,  especial  precautions  are  required.    For  these  purposes 
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iignifias  'danger,'  or 


'■top,'— lie  inn  being  Buffered  to  h»ng  down  Tertieslly  lo  signify  tfaU  the  Uds 
u  clear  and  all  ia  right  for  an  approaching  train  to  proceed.  These  arnu  are  lunallr 
made  to  work  aimoltaneoniilj  with  and  bj  meani  of  the  aame  handle  ae  lamp*, — a 
green  light  being  shown  to  represent  'cantion,'— ■  red  light,  '  du^r,' — and  ■  while 
light  to  aignif;  'all  right.'  At  an  auiiliarf  to  these  signals,  additional  porta  with 
■rml  are  now  tot;  generally  placed  at  BOO  and  even  at  600  jarda  frod  the  principal 
itopping-placeB,  so  u  to  gire  timely  notice  to  engine-drivers  of  any  obrtmctioa  in 
MM  of  foga  or  haiy  weather.  These  eignals  are  easily  worked  from  a  lerer  by  wire* 
kid  by  the  Bide  of  the  railway,  sapporied  an  friction  rollers  fixed  to  short  posts. 
When  required  to  be  carried  round  curves,  lateral  rollers  are  also  nsed,  the  limit  to 
tlie  dirtance  at  which  these  signals  can  be  placed  being  the  extent  of  view  of  the  man 
who  works  them  at  the  lever.      It  is  very  desirable  that  in  all  yih  is 

eaaea,  where  practicable,  the  aignBls  at  a  station  should  be  all 
Under  the  control  of  one  man,  who  shonld  also,  if  possible,  have 
a  hsndle  in  his  box  to  work  the  points,  with  an  in 
■how  when  they  are  properly  cloaed,     The  signal  box  should,  n 
If  poBsible,  he  elevatod. 

The  annexed  sketch  shows  ■  good  form  of  danger  signal  when 
tiM  pointo  are  not  set  to  the  main  line.  The  rod  is  connected 
vith,  and  turns  with,  the  movement  of  the  switch  handle. 

In  addition  to  the  above-mentioned  signals,  hand  signals, 
waA  as  flags  or  lamps,  green,  red,  and  white,  are  need  :  and  a 
nods  of  signals  is  also  adopted  for  plato-layers  and  labonrers, 
kc,  inch  as  waving  a  hat  in  a  partlcnlar  manner,  or  placing 
the  body  in  a  particular  poution.  And  In  foggy  weather,  deto- 
saUng  signals,  to  be  fixed  to  the  rail  and  fired  by  the  wheel  of 
the  engine,  are  of  great  service,  as  well  as  torches  stuck  in  the 
gronnd  and  set  to  burn  for  ton  rainntes  or  a  quarter  of  an  honr. 
Feneirtg. — The  fencing  should  be  snfficieut  to  prevent  all  animals  from  straying 
Pig.  1  i  -.  upon  the  railway,  and  may  consist  of 

a  sunk  wet  fence,  a  stone  wall,  a  close 
well-grown  qnickaet  hedge,  a  port  and 
nil,  or  any  other  material  which  may 
itaelf  as  being  efficient  and  at 
the  same  time  mort  economical,  and 
will  vary  with  the  locality  and  the 
afforded  by  it. 
Tbe  cost,  at  the  present  tome  in 
England,    of  permanent    fencing    of 
poets  and  funr  raili,  creosoted,  inclnd- 
ing  ditohes,  butwithoutqoickiDg,  one 
side  only,   may    be  assumed  to  vary 
from  Si.  id,  to  3i.  id.  per  foot  run  ; 
average  Sa.  lOif. 

Stalioru.  (PlatesXI.  XII.  and  XIII.) 
— The  nnmber,  position,  and  sise  of 
it,  and  occupations  of  the  surrounding 
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popalation ;  and  their  jndicEoaa  ■daplatim  to  local  circamstuioH  Till  ezercne  ui  int- 
poitaat  inflasDce  on  tho  d«>elopnient  of  tmific  on  tha  Udb.  Id  towni  tbej  aboiild  be 
eonvenieDtl;  luccaaibU  from  Icuiing  tboraughhm  ;  and  in  Belecting  their  pontiou  in 
lb«  coontrj,  great  judgment  u>  required  to  plan  them  m  &s  lo  accomniodate  the  lariat 
■maaDC  oT  popaUtioa.  Tbe  arerage  nuniber  of  slatioiui  oo  the  lines  M  prfent  open 
lot  traffic  in  Gicat  Britain  is  ddb  in  oTery  three  miles. 

The  aceonuiKidatioiH  of  the  stutiona  ihoolii  be  such  ae  to  Buit  tbe  rsqoiRmenta  of 
the  traffic,  and  shoutd  afford  a  ready  mean  of  Liking  op  and  dspniting  i— ■  iiji  !■ 
Iil4Eg«t«,  goods,  cattle,  carriages,  Ju, ,  be,  ifneceEBai;;  as,  on  aceoimt  of  the  npeni^ 
it  ma;  not  be  desirable  to  pmride  for  all  tbene  coDTenienoa  at  irei;  atatioD  ;  and  it 
maj  be  obKired,  that  in  general  tlie  requiremeuts  ouinot  be  iBcertaiaMl  belme  ths 
opening  of  a  railvaj,  and  tbe  cunsequent  development  uf  the  traffic.  Aa  on  tlui  lait 
accoDnt  alatiuD*  freqaentl;  reqaire  inereased  aceommodsUoD  from  time  to  time,  it  ia 
adrixable  in  the  Grit  inataoce  to  obtain  ample  apuce,  and  to  conatroct  tLe  etation  do 
a  plan  enpalile  of  being  enlarged.  In  addition,  howcrer,  to  tbcse  eoBaidetation* 
leapecting  the  traffic,  others,  conncded  witli  the  working  of  the  line,  mnst  epeist* 
with  the  Engineer  in  tha  ekoiee  ef 
position  and  the  oonitmetioo  of  tha 
■lationa.  Snppliei  of  water  for  the 
engines  ihonld  be  proTided  at  aboni 
ever;  twent;  milea,  depending  on  ths 
means  of  obtaiung  it,  on  ths  gtS' 
disnta,  and  on  tbe  elasa  of  angiiia 
employed.  The  water  ii  unall;  eon' 
vejed  into  tbe  twider  by  nMUia  of  a 
water-crane,  of  which  a  dnwing  ia 
gJTsn  in  Plate  XXV.  and  Figa.  14  e 
and  lid,  and,  to  ecanomiae  fael,  is 
freqnentlj  heated  preriooalj.  A  re- 
newal of  tbe  aappl;  of  fnel  is  siiailatl; 
required.  When  it  eon  be  ioat,  it  U 
deurable  to  place  a  station  <m  a  lersl 
so  situated  as  to  have  deaoendinx  gra- 
dients on  each  side,  which  fodlitatea 
the  stopping  and  starUug  of  tbe  trains. 
Details  of  conslcnction  ore  notgiren 
here,  as  they  ore  eqaally  applicable  to 
other  boitdinga ;  but  it  nay  he  ob- 
serred  that  tbe  prindpsl  leqnira- 
ments,  in  addition  to  the  offices,  are 
large  spacei  nnder  cover  for  the  plat- 
forms, the  carriages,  te.,  as  also 
stables  for  spare  engines  (see  PUte  XII ).— and  at  particnlar  pUoes.  workohopa 
for  tbe  repur  of  the  stock,  Ic  Hence  has  anser  tbe  infrodaction  of  rooh  of  large 
span,  in  which  bghtness  and  eheapness  of  constrnction  sre  the  main  points  to  ba 
attended  to.  These  oonaidetatjons,  together  with  the  large  space  reqiured  for  a 
station,  point  out  as  the  most  eligible  site  {arlcri,  pariiiu)  one  with  an  e<en  sariaoe 
on  the  lotel  of  a  r^way,  as  tliat  would  involve  tbe  least  amount  of  Ubonr  to  adapt  it 
to  its  olgect 

It  wonid  b«  beyond  the  inteotioa  of  this  article  to  describe  the  mode  of  fitting  np 
and  the  articles  ivqoired  for  the  workshops  for  ths  rspair  of  sngjnea,  cairiagea,  &c. 
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•■  the;  %rt  limilar  to  thoM  leqaired  for  other  parposca.  It  msf,  boverer,  ba 
dedntbk  to  Dotio«  the  Bixle  of  mftking  atVa,  aa  the  eipenae  of  locomotive  power  U 
■nateiull;  depeodent  upon  the  coat  of  the  fueL  The  procese  of  caking  kppean  to 
frM  tbo  00*1  from  tie  impure  0aer  Kod  Tolaiile  puta,  and  from  >  proportioa  of  the 
■alpbnr  eoDt&liied  ia  it ;  uid  althoDgh  the  beatiDg  powo'  of  coke  a  lea  tiuo  that  of 
VMi,  Mk«  ia  nsed  in  loanDotiie  en^oea  on  accouat  of  i(a  freedem  from  uuoke,  and, 
oonaeqimt];,  aot  Uocking  np  (lie  tabes  of  the  boiler.  Coal  also  cakes,  and  requirei 
to  be  freqnentjj  atined,  whiUt  eoke  will  remun  for  a  long  time  in  on  ignited  inas^ 
timmgh  vhieli  the  air  can  paea  ;  and  hence  a  diferenteonslraclion  of  grate  ie  required 
fcrea>^ 

The  beat  d«acription  of  coals  for  eoking  ia  stated  to  be  the  poorer  aort,  and  not  tha 
rioh  ooalsadapted  to  bouaebotd  aa«    Vreedom  from  Bul|ihar  ia  also  deairable. 

Gluing  OTeBB  should  be  placed  (vbea  it  ia  determined  by  a  Bailwa;  Compan;  ta 
erect  tbem)  on  that  part  of  the  railvaj  where  coal  ia  ^- 1^' 

cbeapest.  FUtes  XIV.  and  XV.  exhibit  a  pUn  and 
Wotiana  af  a  coking  oven,  on  what  ia  believed  to  b« 
tfaa  beat  and  moat  approved  ODnstracUon.        * 

n>  nolle  Ccit. — After  the  completion  of  the  OT«nB, 
lb«7  are  gradoally  heated  b;  a  alow  in,  to  dry  tbe 
briekworic  and  onue  eraporation :  b;  degrees,  the  fire 
la  Increased  fcr  about  seren  or  dght  daya,  at  vhlcb  l 
time  the  oven  ia  ready  to  receive  the  first  charge  of  *  '• 
«o»If.  Die  cmI  ia  placed  in  the  oren  on  an  iron 
Cnd}e,  shewn  in  plan  and  section  in  the  aecompa- 
njins  aketeh.  This  cradle  is  ased  to  aeaist  the  dis- 
diaiKB  of  tbe  orena,  and  ia  of  a  ahapeto  diminiahthe 
liability  of  the  coke  catching  in  theaideaof  the  oven. 
Wbsn  charged,  tbe  month  of  the  oren  ia  bricked  np 
with  fiW'bficka  without  DiorUr,  and' tbe  doors  (which 
an  of  iron)  cloaed,  and  the  aidea  and  top  and  bottom 
and  e«ntre  dlTision  plaatered  over  with  fire-clay  to 
•tdode  the  ur  :  the  coal  gradoally  ignite!,  the  draught  being  regalated  aMording  to 
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circumstances,  as  the  state  of  vind,  &c.,  by  brick  dampers,  shewn  at  the  top  (see 
Plate  XV.),  which  require  to  be  coDstantly  looked  after.  To  assist  the  kindling,  and 
prevent  it  from  being  the  outer  layer  of  coals  alone  which  become  ignited,  the  bottom 
drawjhty  sliewn  in  Plate  XIV.,  is  left  open  until  the  fire  reaches  the  proper  height^ 
after  which  it  is  closed  at  the  option  of  the  burner.  This  draught  is  also  required  to 
allow  the  foul  air  to  escape.  The  top  draughtj  to  carry  off  the  evaporation,  is  left  open 
for  about  five-sixths  of  the  time  of  burning.  When  the  whole  mass  is  red-hot,  and  an 
almost  smokeless  flame  issues  from  it,  which,  after  continuing  for  some  time,  gradually 
decreases,  it  is  time  to  discharge  the  oven.  The  coke  is  then  drawn  ont,  and  water 
thrown  over  it  to  quench  it.  As  soon  as  the  coke  has  been  removed,  the  ovens  are 
refilled  with  coal,  which  the  heaV  of  the  ovens  is  sufficient  to  ignite  :  48  hours  are 
sufficient  to  convert  some  sorts  of  coal  into  coke,  whilst  others  require  96  or  120  hoonk 
The  loss  of  weight  in  converting  coal  into  coke  is  about  40  per  cent.,  t.  e.,  a  given 
weight  of  coals  will  become  about  two-thirds  as  coke. 

The  following  are  the  particulars  relating  to  some  ovens  built  at  Bridgewater,  by 
the  Bristol  and  Exeter  Railway  Company,  on  the  principle  shewn  in  the  drawings  : 
the  labour  of  coking  amounts  to  \ld,  per  ton  ;  and 

1  ton  of  Cardiff  coal  pn^luces  13  cwt.  of  coke. 
,,  ,,  6      ,,     waste. 

,,  ,,  iff     small  coke  of  no  value. 

,,  „  iff     ashes  fit  for  lime-burning. 

"2(rcwt. 

Electric  TeUgraph. — The  electric  telegraph,*  from  the  facilities  it  affords  for  tranfl- 
mitting  messages,  &c. ,  has  become  so  integral  a  part  of  the  efficient  working  of  rail- 
ways, that  it  appears  desirable  to  mention  here  some  particulars  connected  with  it. 
Various  methods  have  been  proposed  for  making  and  registering  the  signals  :  that 
most  commonly  in  use  in  Great  Britain  is  the  Needle  Telegraph,  on  which  the  signala 
are  read  off  and  written  down  at  the  rate  of  from  about  seventeen  to  twenty-five  words 
per  minute.  In  America,  various  modes  of  self-registering  telegraphs  have  been  pro- 
posed. The  wires  are  carricl  alongside  of  the  railways  by  earthenware  supporta 
attached  to  posts.  The  number  of  the  wires  is  proportioned  to  the  expected  number 
of  messages,  and  while  some  are  reserved  for  the  through  communication,  others  are 
applied  to  the  intermediate  stations,  which  may  be  put  in  connection  with  each 
other,  or  with  branch  lines,  by  means  of  turn-plates.  The  wires  are  covered  with 
gutta-percha,  to  isolate  them  in  passi'l^g  through  tunnels  or  near  buildings,  but  in 
other  places  they  have  no  covering ;  and  in  consequence,  in  very  damp  weather,  it 
sometimes  happens  that  the  circuit,  instead  of  being  completed  at  the  station  the 
message  is  intended  for,  is  completed  along  one  of  the  other  wires  ;  and  any  increase 
to  the  force  of  the  battery  only  tends  to  render  this  more  certain  in  such  cases. 
Messages  can  almost  always  be  transmitted  to  a  distance  of  100  miles,  but  a  clear 
state  of  the  atmosphere  is  required  to  transport  a  message  800  miles.  The  needles 
are  subject  to  disturbances  from  magnetic  stftrms,  for  which  a  correction  is  introduced 
into  the  machines,  and  during  thunder-storms  they  are  liable  to  be  demagnetised, 
should  the  lightning  strike  the  wires  :  to  obviate  this,  however,  conductors  have  been 
introduced . 

Working  Stock, — The  term  *  rolling  stock,'  or  working  stock  on  a  railway,  implies 


*  See  article  'Telegraph,  Electric' 
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til*  maUriit  for  eoDTCjing  the  traffio,  and  inelodea  engine*,  onugei,  hone-bcaea, 
trmcki,  goodB-w&ggoQS,  cattle- wa^oaa,  ballsst-waggoiu,  kc,  Ite  cost  depends  «a  en- 
tirely upon  the  nature  and  nmoaat  of  the  traffic,  that  no  eetimale  of  it  can  be  giren. 
In  Qreat  Britain,  however,  the  cost  on  the  principal  liaee  noir  in  openUon  haa 
anraged  from  £2000  to  £3000  per  mile. 

Under  the  head  of  'rolling  atccli'  shanld  be  included  the  Btationorj  plant,  or 
machinery  and  tools  in  the  voikshope,  which  aSbrd  means  of  repair. 

Carriaget,  Wcjjmi,  dec.  (Plates  SVI.  to  XXIV,)— The  forms  and  dimenaiMU  of 
tlie  TarioDB  ports  of  the  carriages  and  waggons  at  preseDt  in  nse  on  railwajs  ii  the 
lesott  of  their  gradual  adaptation  to  the  required  strength  aad  Gtnesa,  and  not  at  aaj 
prsTionBlj  laid  dovn  general  rale  ;  and  the  varioos  improTements  the;  have  under- 
gone appear  to  hare  rendered  tbem  well  adapted  to  their  porpoee. 

The  description  of  rolling  stock  to  be  selected  for  a  railway  will  depend  upon  the 
Baton  of  the  anticipated  traffic  ;  and  in  tbe  following  remarks  it  is  intended  to  oon- 
T*j  an  idea  of  the  main  pointa  to  be  attended  to. 

The  general  eonstruction  of  carriages  and  waggons,  and  their  proportioni  in  the 
■ereral  trains,  should  be  snch  as  to  bring  the  average  load  couTejed  as  near  as 
pMsible  to  the  maximum  load.  In  the  conTeyoncs  of  goods  this  is  oatnparatiTelr 
Mlj,  but  the  Tarjing  namherB  and  diiided  cUsses  for  passengers  entail  a  gmt  Ices  of 

Whtdt, — The  wheels  of  railwa;  carriages  shoold  be  nnifonn  :  the  proper  use 
^pean  to  depend  npon  the  following  conditions,  vis. :  the  pover  required  for  tbe 
diMght  of  wheel  carriages  depends  principally  on  the  friction  of  the  oiln  and  tlra 
■orfaoe  resistance  of  tiis  road,  both  of  which  ma;  be  aaaumed  as  proportionate  to  the 
iuiBtent  weight :  tbe  wheels  do  not  add  to  the  wught  on  the  axles,  but  the;  do  to 
the  weight  on  the  road ;  hence,  although  an  increikse  of  diameter  will  not  diminish 
the  friction  on  tbe  axlea,  it  mai/  increase  tbe  surface  reaistanoe ;  and  hence  there  is  a 
intage  to  be  derived  &om  increasing  the  site  of  the  wheel*. 
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The  accompanying  figure 
■hews  the  general  form  of  a 
i^way  carriage  wheel  as  at 
ptessDt  in  nse,  although  the 
partienlar  modes  of  constrao- 
lion,  as  to  spokes,  &c.,  vary  so 
noch  aa  to  render  any  descrip- 
tion of  them  beyond  tfas  limits 
of  this  article.  Solid  wheels 
iHtte  been  [ovposed,  with  aview 
irf  diminishing  the  atmoipheric 
leuitance  ;  but  at  high  velo- 
dtiea  the  spukes  would  Carry 
nnnd  with  tfaem  the  intermediate  air.  Numerous  adaptations  of  the  tires  of  wheels 
have  been  attempted  to  obviate  the  danger  of  accident  from  their  breaking  or  flying  o^ 
bat  none  hare  yet  been  found  to  prevent,  at  alt  perfectly,  the  risk  of  damage.  It  haa 
BOt  hitherto  been  found  practicable  to  adapt  the  wheeli  to  work  independent!;  of 
(■ah  other  on  the  axles,  which,  if  accomplished,  woidd  do  away  with  a  principal  canae 
ef  resiatanoe  in  going  ronnd  curves.  This  resistance  is,  however,  to  a  certain  extent, 
diminiahed  b;  the  coning  of  the  wheels. 

Xxla  of  Carrtojui,— The  ailes  of  railway  carriages  appear  to  be  exposed  to  the 
foUowing  Btraios,  vii.: 

1st.  That  arising  frem  tbe  weight  of  the  waggon  and  load,   which  acta  on  the 
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joamal,  and  is  increased  by  the  momentum  acquired  by  the  load  in  falHiig  throagh 
spaces  caused  by  inequalities  in  the  road. 

2ndly.  That  arising  from  the  oscillation  of  waggons  on  enrres,  due  to  imperfect 
coupling  and  to  lateral  play  between  the  flanges  of  the  wheels  and  the  railB. 
drdly.  That  due  to  starting  and  stopping  trains. 

4thly.  The  torsion  caused  by  the  dragging  of  the  wheels  in  going  round  enirei,  and 
by  inequalities  in  the  siie  of  the  wheels,  or  in  their  balancing,  or  in  the  jouniaJi^ 
brasses,  &o. 
The  axle  is  also  subject  to  constant  yibration. 

From  these  causes  it  is  most  desirable  that  great  care  should  be  exerdeed  in  select- 
ing the  best  fibrous  iron  for  axles. 

Springs, — The  strain  on  the  axles  due  to  the  inequalities  in  the  road  is  diminished 
by  the  use  of  springs,  which  should  be  so  proportioned  as  to  sustain  the  load  eaidly, 
yielding  equally  in  all  carriages  with  the  maximum  load,  and  sufficiently  elastic  to 
absorb  the  effect  of  the  oscillation  of  the  load ;  to  assist  which,  therefore,  the  load 
should  be  distributed  equally  on  each  side  of  the  carriages. 

Aade-hoxes, — The  springs  are  connected  with  the  journal  by  means  of  the  axle- 
boxes.  In  some  very  long  carriages  which  have  been  lately  introduced  on  some  Usee 
of  railway,  the  axle-box  is  allowed  considerable  lateral  play  on  the  joomalSy  to  enable 
these  long  carriages  the  more  easily  to  pass  round  curres. 

Framing. — The  strength  of  carriages  depends  mainly  on  the  mode  in  which  they 
are  firamed,  and  the  framing  should  be  of  similar  construction  for  carriages  intended  to 
run  in  the  same  trains.  The  newest  arrangements  for  timber  framings  are  shewn  in 
the  accompanying  Plates. 

Coupling  and  Bvffen, — To  obviate  the  oscillations  of  carriages  and  waggons  which 
produce  strains  on  the  axles  and  other  parts,  .injury  to  the  roadway,  and  deterioration 
to  the  loading,  the  connection  between  the  carriages  of  a  train  should  resemble  as 
much  as  possible  the  jointing  of  the  vertebne  in  an  animal^s  back-bone,  by  whidi 
means  the  lateral  action  of  a  carriage  would  be  neutralised  by  the  support  of  the 
neighbouring  ones. 

The  buffers  should  be  of  the  same  sise  and  height,  and  be  constructed  witii  springs  ; 
the  carriages  in  a  train  should  be  coupled  and  drawn  in  the  same  manner  by  means 
of  screw  couplings  and  spring  draw-bars ;  the  draught  acting  always  from  the  centre. 
The  methods  at  present  adopted  for  coupling  and  drawing  the  trains  are,  howerer. 

Fig.  17.  open  to  great  improvement. 

The  mode  of  coupling  wag- 
gons in  goods  trains  with- 
out spring  buffers  or  draw- 
bars, and  by  a  chain  onlj, 
is  liableto  lead  to  aeddents 
from  the  play  which  must 
necessarily  be  allowed  be- 
tween the  waggons  to  ad- 
Screw  Coupling.  mit  of  their  going  round 

curres  ;  since  each  time  the  speed  is  slackened  the  waggons  close  up,  and,  at  a  frtsh 
start,  the  chains  are  exposed  to  a  sudden  jerk.  The  forms  (Figs.  17a,  lib)  have  been 
adopted  on  the  German  Bailways.  These  jerks  occasionally  break  the  chains, 
which  render  a  double  connection  desirable,  and  they  are  also  liable  to  become  un- 
hooked in  stopping,  but  this  would  be  obviated  by  a  simple  arrangement.  It  is  not 
safe  to  place  this  description  of  waggon  in  passenger-trains,  especially  when  running 
at  high  Telodtios. 
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Passenger-Carriages. — The  arrangements  for  the  parts  of  the  carniiges  or  waggons 
above  the  framing  depend  upon  the  description  of  the  traffic  for  which  they  are  intended. 
Those  for  passengers  afford  conveniences  according  to  the  class  to  be  oonvejed,  and 
the  classification  will  depend  on  the  nature  and  habits  of  the  population  of  the  coontrj. 
In  Great  Britain  there  are  three  classes,  and  the  compartments  of  the  earriagei  are 


Fig.  17  o. 


Fig.^7  6. 


Hook  for  Coupling-Chain. 


Hook  for  Draw-Bar. 


small ;  whilst  in  America  there  is  only  one  class,  and  a  passage  down  the  centre  of 
the  train  renders  the  whole  of  the  seats  accessible  from  one  end  to  the  other. 
Wrought  iron  has  latterly  been  nsed  by  several  Railway  Companies  as  a  material  for 
tiie  construction  of  the  npper  portion  of  both  carriages  and  waggons. 

Cattle-  Waggons. — The  dimensions  of  cattle-waggons  depend  npon  the  description  of 
stock  and  average  load  to  be  conveyed,  whilst  facilities  should  be  afforded  to  peisons 
who  would  load  an  entire  waggon.  The  springs  for  the  buffers  and  drawbars  in  these 
and  other  goods- waggons  are  frequently  made  of  vulcanized  India-rubber. 

Goods-Waggons.  (Plates  XXI.  and  XXII.) — For  goods  requiring  care,  high-sided 
oovered  waggons  have  been  found  so  much  more  advantageous  than  open  waggonSy 
from  affording  security  from  the  weather  and  from  packages  falling  o^  as  well  as 
effecting  a  saving  in  tarpaulins,  as  to  compensate  for  their  increased  expense.  For 
mineral  traffic,  the  low-sided  goods-waggons  are  generally  in  use,  the  weight  of  the 
waggon  and  load  being  usually  limited  to  from  six  to  eight  tons. 

The  following  Table  will  give  an  idea  of  the  weight  and  cost  of  rolling  stock,  and 
may  be  assumed  as  a  fair  general  average  of  prices,  &c. 


Description. 


Locomotive  engines  and  tenders,  empty  .        .  | 

Ist-class  carriages 

2nd    „        ♦» 

8rd    „         ,,  ^ 

Composite  carriages,  or  Ist  and  2nd  class  combined  . 
4th-clas8  carriages,  without  seats,  separated  by  railing 
Post-office  carriages  and  tenders       .... 

Trucks 

Horse-boxes .         .         ...... 

Q  oods- waggons .         ....... 

Cattle  and  sheep  cages 

Iron  hopper  coal  waggons 


Weight. 


Tons. 
18 
7 

8J 
8 

H 
4 

H 

6 
8 

34 

24 
8 

2 


Bate. 


£ 

2200 

800 
220 
200 
600 
200 
200 
120 
120 
100 
100 
70 


Brakes, — To  enable  trains  to  be  stopped  in  a  moderate  distance,  brakes  are  applied 
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to  the  vheeU  of  some  of  the  carriages,  or  guard- vans  are  attached  to  the  tminB.  The 
namber  of  brake-carriages  or  yans  per  train  will  depend  on  the  inclinationa  on  the 
line  and  the  speeds  employed  :  with  passenger-trains  it  has  been  oonsidered  that  on 
an  average,  and  to  insure  safety,  every  fifth  carriage  should  have  a  brake  :  the  engine 
also  is  generally  reversed  to  assist  the  Itf^kes.  It  must  be  recollected,  however,  that 
by  stopping  a  train  too  rapidly,  great  injury  results  both  to  the  permanent  way  and 
the  rolling  stock.  (See  Plate  XXIII.)  But  still  it  is  verj  important  that  those  who 
have  charge  of  a  train  should  be  able  to  stop  it  within  a  rery  short  distance,  when 
there  is  risk  of  collision,  or  any  other  danger  is  apprehended  ;  and  the  greater  the 
number  of  wheels  to  which  brakes  are  applied,  the  more  speedily  will  the  effect  be 
produced. 

The  following  considerations  appear  to  be  those  which  would  determine  the  amount 
of  brake-power. 

The  forcei^  which  act  on  the  ti-ain  after  the  steam  has  been  shut  off  are  the  axle 
friction  and  rolling  friction  of  the  train,  and  the  pressure  of  the  wind  :  the  friction 
tends  gradually  to  bring  the  train  to  rest, — the  pressure  of  the  wind  to  accelerate  or 
retard  it,  as  the  case  may  be,  and  this  will  therefore  be  omitted  frt>m  the  conclanona 
to  be  drawn. 

To  stop  a  train  rapidly,  brakes  are  applied  to  some  of  the  wheels,  and  the  engine 
is  reversed.  The  application  of  brakes  prevents  the  wheels  from  rerolving,  and 
introduces  the  friction  due  to  the  weights  on  the  wheels  to  which  the  brakes  are 
applied.  The  act  of  reversing  the  engine  does  not  immediately  stop  the  forward 
motion  of  the  driving-wheel,  but  forces  it  to  revolve  at  a  somewhat  slower  rate  than 
that  due  to  the  speed  of  the  train,  and  thus  causes  a  friction  of  surfaces  to  take  place 
between  the  wheel  and  raiL 

The  axle  and  rolling  friction  of  the  train  may  be  assumed  to  be  some  proportion  of 
the  total  weight  of  the  train ;  the  friction  of  the  wheels  to  which  brakes  are  applied 
may  be  taken  as  some  proportion  of  the  insistent  weights;  from  experiments,*  it 
appears  that  the  axle  and  rolling  friction  may  be  taken  at  ^th  part  of  the  weight  of 
the  train,  and  the  friction  due  to  the  brakes  at  about  Jth  of  the  weights  on  them. 
Hence,  if  /  represent  the  gross  load  of  the  train, 

IT       ,,        the  weights  on  the  wheels  to  which  brakes  are  applied, 
B       ,,        the  retardation  in  feet  per  second, 
g       ,,         the  force  of  gravity, 
and,  if  the  train  be  on  an  incline, 

-  represent  the  slope  of  such  incline, 

i-w  .  w  ,  r 


^=(ir-l±.-)f' 


the  latter  term  being  used  with  the  negative  sign  when  the  train  is  descending  and 
the  positive  sign  when  ascending  the  gradient. 
If  S  =  space  traversed  by  train  in  coming  to  rest, 

V  —  velocity  in  feet  per  second  at  the  moment  the  steam  is  shut  off  and  the 
brakes  applied. 


t7» 


^=2K- 


•  Mado  in  October,  1849,  by  Capt.  Lalfiui,  R.B. 
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In  estimating  practically  the  space  which  would  be  required  for  a  train  to  stop  in, 
one  or  two  seconds  should  be  allowed  for  time  lost  in  applying  the  brakes. 

Locomotive  Engines. — Before  proceeding  to  consider  the  cost  of  maintaining  and  of 
working  a  railway,  it  appears  desirable  to  state  the  conditions  upon  which  the  powers 
of  locomotire  engines  depend,  and  the  principles  which  determine  the  form  and  class 
of  engine  to  be  selected  for  a  particular  line. 

The  dimensions  of  the  sereral  component  parts  of  an  engine  will  be  regulated  by 
the  nature  of  the  line  it  is  to  be  employed  upon,  the  description  of  the  traffic,  and  the 
■peed  required. 

The  steam-power  of  an  engine  applied  to  the  pistons  is  transferred  to  the  load 
through  the  friction  of  the  driring  wheel  on  the  rail ;  as  long,  therefore,  as  the 
amount  of  steam  at  the  required  pressure  which  can  be  produced  by  the  evaporation 
of  water  in  the  boiler  is  sufficient  to  counterbalance  what  is  taken  away  for  the 
cylinders,  the  adhesion  of  the  driving  wheel  on  the  rail  will  limit  the  load  which  can 
be  drawn.  But  as  the  speed  increases  and  the  alternations  of  the  pistons  become  so 
rapid  as  to  take  out  the  steam  faster  than  it  can  be  produced  at  the  requisite  pressure 
in  the  boiler,  the  pressure  of  the  steam  in  the  cylinders  will  diminish  with  the 
increased  Tolume,  and  the  pressure  on  the  pistons  will  then  limit  the  load. 

With  passenger  traffic,  or  traffic  at  high  speeds  and  with  light  loads,  a  large  driying- 
wheel  is  advantageous  ;  whilst  with  goods  traffic,  or  traffic  at  low  velocities,  where 
heavy  loads  are  drawn,  it  is  usual  to  make  all  the  wheels  of  eqtial  size,  and  to  couple 
them  together,  in  order  to  obtain  a  larger  amount  of  adhesion.  The  driving-wheels 
of  the  largest  passenger-engines  in  this  country  are  made  from  6  to  8  feet  in  diameter. 
Oare  must  be  taken  so  to  arrange  the  parts  of  the  engine  with  a  large  driving-wheel, 
that  the  centre  of  gravity  shall  be  kept  as  low  as  possible.  The  wheels  of  goods 
engines  are  usually  5  feet  diameter. 

The  area  of  the  cylbders  determines  the  amount  of  power  which  can  be  applied  to 
the  driving-wheel,  but  it  is  limited  by  the  evaporative  power  of  the  boiler :  the 
diameters  of  the  cylinders  of  the  largest  engines  now  in  use  vary  from  15  to  18  inches. 
The  position  of  the  cylinder  has  a  great  influence  on  the  steadiness  of  motion  in  the 
engine,  and  this  is  conducive  to  safety,  and  diminishes  the  wear  and  tear  upon 
the  machinery  and  road.  A  horizontal  cylinder,  with  a  long-connecting  rod,  is  the 
arrangement  least  liable  to  cause  oscillation.  The  actual  power  applied  to  the  pistons 
it  diminished  by  the  back  pressure  on  the  pistons,  firom  the  steam  not  having  time  to 
escape  from  the  cylinder  after  the  stroke  and  before  the  return  of  the  piston  :  this 
will  depend  partly  on  the  velocity  of  the  piston,  partly  on  the  eksticity  of  the  steam 
at  the  end  of  the  stroke,  and  partly  on  the  relative  areas  of  the  escape-pipe  and 
cylinders.  The  whole  power  of  the  steam  is  only  required  to  act  upon  the  pistons 
when  an  engine  begins  to  move  from  a  state  of  rest,  because  when  the  velocity  acquired 
becomes  uniform,  the  power  of  the  steam  need  only  operate  to  overcome  the  friction 
which  would  otherwise  soon  cause  the  train  to  stop :  hence,  in  order  to  diminish 
the  back  pressure,  and  also  to  economise  fuel,  it  is  usual  to  work  engines  expansively  ; 
that  is,  to  cut  off  the  steam  when  the  piston  has  passed  through  a  portion  of  the 
■troke,  and  allow  the  expansion  of  the  steam  to  carry  it  through  the  remainder. 
The  proportion  of  the  length  of  the  stroke  at  which  it  is  considered  advisable  to  cut 
off  the  steam  depends  upon  the  power  of  the  boiler  to  generate  steam,  since  the 
introduction  of  steam  in  an  expanded  state  into  the  smoke-box  renders  the  blast 
feeble,  and  diminishes  the  amount  of  steam  generated  by  the  boiler.  The  proportions 
will  therefore  vary  with  the  relative  size  of  the  grate,  boiler,  and  cylinder,  as  well  as 
with  the  speed  and  power  required  to  be  exerted.  With  engines  on  the  narrow-gauge 
fines  it  it  usual  to  cut  off  the  steam  at  from  {  to  {  of  the  stroke.     In  the  *  Great 
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240  RAILWAY. 

Britain/  a  broad-gauge  engine,  with  an  18*inch  cylinder  and  a  24*inch  stroke,  the 
steam  is  cut  off  at  18  inches  when  starting  a  heavy  train, — at  1 6^  inches  when  the  full 
power  of  the  engine  is  required,  at  from  40  to  50  miles  per  hour, — at  14f  inches 
when  the  full  power  is  required  at  higher  speeds.  The  degree  of  nicety  with  which 
the  motion  of  the  side-valve  is  timed  relatively  to  the  motion  of  the  piston,  operates 
strongly  upon  the  consumption  of  the  fuel. 

The  steam,  after  leaving  the  cylinder,  is  conveyed  through  the  escape-pipe  into 
the  chimney,  where,  by  forcing  out  the  air,  and  then  condensing  it,  it  increases  the 
draught  of  the  fire, — the  larger  the  amount  of  air  displaced  by  the  steam,  the  greater 
the  blast  created  ;  whence  it  would  appear  that  the  lower  the  mouth  of  the  escape- 
pipe  is  placed,  the  better, — remembering  that  it  must  be  kept  above  the  tubes  of 
the  boiler. 

The  evaporating  power  of  the  boiler  will  depend  upon  its  size  and  form,  as  well  as 
upon  the  size  and  form  of  the  fire-box  :  the  surface  exposed  to  heat  is  increased  by 
the  use  of  tubes,  the  number  of  which  will  of  course  vary  with  their  diameter ; 
and  this  is  determined  by  considering  that  while  the  smaller  diameter  increases  the 
amount  of  surface  exposed  to  heat,  it  tends  to  diminish  the  draught  of  the  fire,  and 
renders  the  tube  liable  to  be  choked  with  dust.  The  diameter  which  has  been 
generally  adopted  is  about  1 4  inch  internally.  The  tubes  are  of  brass,  and  are  found 
to  wear  out  much  more  rapidly  at  the  end  adjacent  to  the  firebox  than  at  the  other 
end, — chiefly,  it  is  supposed,  on  account  of  the  small  particles  of  coke  carried  through 
them  by  the  draught.*  It  would  be  beyond  the  limits  of  this  article  to  enter  upon  the 
details  of  the  component  parts  of  locomotive  engines,  more  i»articularly  as  the  subject 
is  be  treated  under  a  separate  head.f  It  is  considered  that  1  ft.  of  coke  usuallj 
evaporates  8  lbs.  of  water,— or  IJ  lb.  of  coke  per  gallon  of  water.  The  Table,  pages 
237,  238,  shews  the  relation  between  the  bulk,  pressure,  and  temperature  of  steam. 

The  largest  engine  on  the  narrow  gauge  will  evaporate  from  200  to  230  cubic  feet 
of  water  per  hour,  and  the  largest  which  have  been  constructed  for  the  broad  gauge 
from  300  to  850  cubic  feet.  The  following  dimensions  are  stated  to  be  those  of  the 
largest  engines  now  in  use. 

aoons-KiroiNiifl. 

Narrow  Oftugo.  Broad  Oange. 

Diameter  of  cylinder     .         .   16  to  18  inches     .     .  16  inches. 

Len^h  of  stroke      .         .     .  22  to  24     ,,  .     .  24     „ 

Diameter  of  driving-wheel     .  4  ft.  6  in.  to  5  ft.  .     .  5  ft. 

Wheels  all  coupled,  with  a  weight  of  from  8  to  10  tons  on  each  pair  ;  total  weight  of 

engine  about  24  to  30  tons. 

PASSENOER-EMOINKS. 

Narrow  Gaupre.  Broad  Gauge. 

Diameter  of  cylinder     .         .   15  to  16  inches     .     .  18  inches. 

Length  of  stroke      .         .     .  21  inches  .     .24     ,, 

Diameter  of  driving-wheel     .  6  ft.  to  8  ft.  .     .8ft. 

Weight  on  driving-wheels      .   8  to  14  tons  .     .  10^^  tons. 

Weight  of  engine  .         .         .  18  to  25  ,,  .     .  31       ,, 

The  weight  on  the  driving-wheel  should  be  regulated  by  the  power  in  the  cylinder  to 


*  The  amount  of  preasuro  which  any  boiler  is  conftnicted  to  bear  nhonld  be  marked  upon 
It ;  it  should  also  be  subjected  to  a  j>eriodical  examination,  to  aacertain  whether  it  id  beginoing 
to  wear,  and  the  probable  safe  proseure  on  the  weakeM  part  registered ;  and  one  safety  valve 
should  be  placed  out  of  the  control  of  the  engine  driver. — Editor. 

t  See  article  "  Steam-Engine."— ^Ifi^orf. 
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orereome  iho  adhenon,  and  bj  the  Btrength  of  the  permanent  way.  The  adhesion 
may  be  taken  as  high  as  )th  the  weight  on  the  driying-wheels ;  but  when  the  rails  are 
slippery,  it  is  sometimes  as  low  as  jjth. 

Retittancet  to  TrcUna. — The  resistance  to  which  railway  trains  are  exposed  is  an 
important  subject  of  inquiry,  but  a  sufficient  number  of  exi)erimental  facts  has  not 
yet  been  collected  to  establish  a  perfect  formula. 

The  resistance  in  calm  weather  may  be  considered  to  be  made  up  of  threo  parts  : 
Ist,  the  friction  of  the  wheels  and  axles  of  the  train,  which  is  independent  of  tho 
Telocity,  but  varies  with  the  weight ;  2nd,  the  resistance  due  to  concussions  and 
os<ullations  of  the  train,  which  will,  it  may  be  assumed,  vary  with  the  velocity  and 
with  the  weight ;  3rd,  the  resistance  from  the  air,  which  will  vary  with  the  square  of 
the  velocity  and  the  frontage  area  of  the  train. 

Mr.  Wyndham  Harding,  in  a  paper  read  to  the  Institution  of  Civil  Engineers  in 
184G,  deduced  from  experiments  a  formula  combining  all  these  points. 

Takiog  the  friction  of  the  train  at  6  fi)s.  per  ton,  and  putting 

T  =  tons  weight  of  the  train, 
Y  s  velocity  in  miles  per  hour, 
N  =  area  of  frontage, 
'0025  lbs.  =  resistance  from  air  per  square  foot  of 

frontage,  at  1  mile  per  hour, 

V 

and  assuming  tho  resistance  from  concussions  at  - ,  he  called  the  resistance  of  the 

o 

(V      V-  X  •0025  X  N\ 
0  +  -  + j^ )  T.     On  a  careful  comparison  of  this  formula, 

which  was  derived  from  experiments  on  the  narrow-gauge  lines,  with  some  experi- 
ments made  by  Mr.  Gooch  on  the  Great  Western  Railway,  in  1848,  it  appears  probable 
that  Mr.  Wyndham  Harding  has  assumed  too  high  a  value  for  the  second  term  of  his 
equation,  since  the  difference  between  the  formula*  would  be  more  than  compensated 
for  by  a  difFerencc  in  the  character  of  the  roads,  and  the  experiments  show  tho  great 
importance  of  easy  motion  in  tho  engine  and  train,  and  a  gocnl  i*oad :  besides,  although 
the  resistance  from  friction  is  independent  of  velocity,  that  due  to  abrasion,  or  the 
wearing  away  of  surfaces,  is  not  so  ;  and  this  may  to  a  certain  extent  enter  into  the 
first  term  :  the  effect  of  wind,  also,  on  the  side  of  the  train  will  be  considerable.  On 
the  whole,  therefore,  it  appears  impossible  to  assume  a  formula  which  can  be  at  all 
satisfactory,  before  the  several  elements  shall  have  been  determined  by  more  nume- 
rous experiments  under  varying  conditions  of  weather  and  of  i>ermancnt  way. 

In  order,  however,  to  form  an  idea  of  the  steam  power  an  engine  is  required  to  exert 
in  drawing  a  train,  after  being  diminished  by  the  back  pressure,  it  may  be  assumed 
firstly,  that  the  friction  of  tho  engine  gear  is,  when  reduced  to  the  circumference  of 
the  driving-wheel,  about  6  lbs.  i)er  ton  weight  of  engine  and  tender,  and  1  tb.  addi- 
tional for  each  ton  of  load  ;  secondly,  the  resistance  of  the  train  is  made  up  partly  of 
the  journal  friction  of  the  axles, — partly  of  the  resistance  of  the  air  to  the  rotation  of 
the  wheels  and  axles,  which  will  vary  with  the  velocity  and  dimensions  of  the  wheels, 
— the  rolling  friction  of  the  wheels  on  tlie  rails, — and  the  atmospheric  resistance  of 
tho  train.  This  total  train-resistance  at  low  speeds  is  assumed  to  be  8  lbs.  per  ton 
weight  of  the  train,  but  it  increases  rapidly  with  the  increase  of  velocity;  the  fallowing 
being  the  mean  of  the  results  given  by  Mr.  Wyndham  Harding  and  Mr.  Gooch  in 
their  respective  statements  of  the  subject^  viz.  : — 
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At  10  miles  per  hour  the  resistanoe  is  8  Ami.  per  ton. 

20  „  n  12  „ 

30  „  „  16  „ 

40  „  „  20  „ 

46  ,,  ,,  22  ,, 

60  „  „  25  „ 

65  „  ,,  27  „ 

60  „  „  CO 

Working  Expenses. — The  receipts  from  the  trsffic  of  a  rulway  most  be  devoted, 
first,  to  pay  for  the  maintemmce  and  working  of  the  line, — ^next,  to  the  interest  on 
the  sum  borrowed  to  assist  in  its  construction,  whilst  the  surplus  remains  as  profit 
to  the  projectors  of  the  line. 

The  annual  charge  upon  a  railway  is  partly  independent  of  the  amount  of  traffic, 
and  partly  dependent  upon  it. 

Tho  first  or  fixed  charge  is  made  up  of  the  expenses  of  keeping  the  stations, 
tunnels,  viaducts,  slopes,  drains,  and  fences  in  repair ;  a  part  of  the  expense  of 
re-laying  or  renewing  the  sleepers,  rails,  ballasting,  &c  ;  and  a  proportion  of  the 
expenses  of  management^  such  as  the  salaries  of  officers,  i)olice,  and  points-men, 
which,  though  they  increase  with  the  traffic,  do  not  increase  in  proportion  to  it 

The  other  or  varying  charge  is  composed  of  the  engine-men  and  fire^men^s  wages ; 
the  consumption  of  coke,  grease,  oil,  &c. ;  the  repairs  of  the  engines  and  carriages  ; 
the  wages  of  guards,  porters,  &c  ;  a  proportion  of  the  expenses  of  management  and 
the  maintenance  of  the  permanent  way,  so  far  as  it  is  affected  by  the  traffic. 

Maintenance  of  Way. — The  expense  of  maintenance  of  way  varies  considerably 
from  circumstances,  and  is  rather  a  charge  dependent  on  the  character  of  the  line 
and  its  original  mode  of  construction,  than  on  the  amount  of  traffic  ;  for  although  an 
increase  of  traffic  increases  the  cost  of  maintenance,  the  difference  between  a  maximum 
and  minimum  traffic  is  of  less  importance  than  that  due  to  other  causes.  In  a  dry 
climate  this  would  not  probably  be  so  much  the  case,  but  in  this  country  a  great  part 
of  the  deterioration  is  due  to  the  weather,  and  the  expense  will  therefore  vary  with 
the  depths  and  heights  of  the  cuttings  and  embankments,  and  with  the  .nature  of  the 
soil  through  which  the  railway  passes.  When  a  line  is  first  opened  for  traffic,  the 
expenses  will  be  greater  on  account  of  the  consolidation  of  the  works,  and  any 
increased  charge  from  this  cause,  or  from  the  failure  of  works,  may  be  fiiiily  placed 
to  the  cost  of  construction. 

Unfurtunately,  sufficient  attention  has  not  been  paid,  or  rather,  soffident  details 
have  not  been  published,  relative  to  the  deterioration  of  the  rails  and  sleepers,  to 
enable  any  general  information  with  respect  to  it  to  bo  given.  It  is  considered,  by 
one  party,  that  after  a  certain  period  they  must  be  entirely  re-laid,  and  that  the 
current  repairs  cannot  perpetuate,  but  will  only  prolong,  their  existence  ;  and  there- 
fore, that  in  addition  to  the  annual  outlay,  a  proportion  of  the  cost  of  renewal  should 
be  set  aside,  so  as  to  distribute  the  expense  over  the  whole  period  of  the  duration  of 
the  rails  ;  —whilst,  on  the  other  hand,  and  with  an  equal  show  of  reason,  it  is  urged, 
that  from  the  great  yariety  in  the  quality  of  both  rails  and  sleepers,  the  annual 
number  requiring  repair,  would,  after  a  few  years,  become  uniform,  and  that  therefore, 
after  the  first  few  years,  it  is  not  necessary  to  form  any  reserve  fund  for  renewals. 
Among  the  chief  causes  of  wear  and  tear  of  rails  and  sleepers  are  the  great  weights 
and  high  speeds  now  in  use,  which,  in  passing  over  the  inequalities  at  the  joints, 
produce  a  series  of  blows  :  it  is  probable  that  some  new  mode  of  laying  the  roadway, 
better  calculated  than  the  present  one  to  resist  it,  will  ere  long  be  adopted. 
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Captain  Huish,  in  a  pamphlet  he  published  in  1849,  eonsiden  that  the  rails  and 
chairs  will  last  20  years,  and  the  sleepers  if  creosoted,  from  12  to  20  years ;  and  he 
would  lay  aside  from  jC50  to  £60  per  annnm  as  a  reserve  fond  for  renewal.  On  the 
Belgian  railways,  where  the  speed  and  the  traffic  are  mnch  less  than  on  BnglLsh  rail- 
ways, it  has  been  assumed  that  the  rails  and  chairs  would  last  120  years,  and  that 
y^th  part  of  their  value  should  be  yearly  laid  aside, — the  duration  of  the  sleepers 
being  not  less  than  1 2  years.  It  is  probable  that  in  some  of  the  Colonies,  with  a 
favourable  climate,  moderate  speeds,  and  a  limited  traffic,  this  assumption  as  to  the 
average  durability  would  not  be  far  wrong. 

Three  men  per  mile  may  l>e  assumed  as  a  £ur  average  of  the  number  permanently 
employed  as  plate-layers,  in  adjusting  the  rails,  &c 

Cott  of  Locomotive  Power, — The  expense  ou  account  of  locomotive  power  depends 
upon  the  number  of  miles  ran  by  the  engine,  and  is,  to  a  great  degree,  independent  of 
the  weight  of  the  train,  except  in  extreme  cases.  The  expenditure  on  different  lines 
will  vary  with  the  facilities  for  obtaining  coal  and  with  the  nature  of  the  gradients. 

The  fuel  consumed  by  an  engine  may  bo  divided  into  that  required  for  getting  up 
the  steam,  the  proportion  consumed  while  standing  in  reserve,  and  that  expended  in 
drawing  the  load  ;  and  hence,  in  order  to  obtain  the  maximum  return  from  an  engine, 
not  only  is  it  necessary  to  proportion  the  load  to  its  powers,  bat  it  is  necessary  also  so 
to  arrange  the  locomotive  stock  as  to  obtain  from  each  engine  in  steam  a  maximum 
train  mileage.  As  far  as  it  can  be  estimated  from  the  return  of  traffic  on  the  best 
managed  lines,  it  would  appear  that  from  120  to  150  miles  per  day  is  the  greatest 
average  distance  run  by  engines  hitherto  ;  and  this  probably  for  only  four  days  out 
of  the  week. 

An  engine,  it  has  been  considered,  will  consume  15  Sbs.  of  coke  for  itself  and  \  lb. 
additional  per  ton  weight  of  train,  some  allowance  being  made  for  the  consumption  in 
getting  up  the  steam  :  the  cost  of  locomotive  power,  including  interest  on  locomoUve 
stock,  may  therefore  be  assumed  at  Td,  +  cost  of  40  lbs.  of  coke  =  10(2.  to  \Zd, 
per  mile ;  and  an  average  of  the  locomotive  charges,  estimated  from  the  half-yearly 
returns  of  nineteen  Companies  for  the  last  half  of  the  year  1847,  gives  the  cost  per  mile 
at  12 '12 J.  On  the  York,  Newcastle,  and  Berwick  Railway,  however,  the  present 
average  consumption  of  coke  is  26  lbs.  per  passenger  train  per  mile  run,  or  10  lbs. 
for  the  engine  and  2  lbs.  additional,  per  mile,  for  each  carnage  :  the  goods^  trains 
vary  in  weight  from  150  to  400  tons,  and  the  average  consumption  of  coke  per  train  per 
mile,  for  goods*  engines,  is  50  ^.  To  encourage  the  engine-drivers  to  save  coke,  it 
is  the  custom  on  many  lines  to  give  them  a  premium  for  all  the  coke  saved  under  an 
average.  On  the  above-mentioned  railway,  the  engine-drivers  receive  \s.  for  each  lb. 
saved  under  the  average  per  fortnight,  and  the  fire-men  id. 

Wear  and  Tear  of  Cannages. — The  charges  for  wear  and  tear  of  carriages,  and 
interest  on  the  capital  invested  in  them,  may  be  assumed  at 

Id,  per  mile  run  for  first-class  carriages, 

|(i.  ,,  second-class  ditto, 

id.  ,,  third-class  ditto,  and  waggons  and  trucks. 

It  has  been  estimated  that  on  British  railways  the  average  daily  mileage  of  Ist- 
class  carnages,  capable  of  containing  18  passengers,  is  59  miles,  and  that  they  convey 
on  an  average  7  passengers ; — of  2nd-class  carriages,  capable  of  containing  25  i)assen- 
gers,  it  is  45  miles,  and  they  convey  on  an  average  13  passengers  ;  and  of  Srd-clasp 
carriages  the  daily  average  mileage  is  88  miles  ;  they  are  capable  of  containing  32 
passengers,  and  carry  on  an  average  21, — whilst  the  average  daily  mileage  of  passenger 
carriages  on  French  and  Belgian  lines  is  39  miles.     The  average  daily  mileage  of  the 

r2 
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goods-carrying  stock  on  Britisli  lines  is  27  miles,  and  the  average  load  2}  tons;  Mrhilst 
tbat  on  Continental  railways  is  16^  miles.  The  comparatiyely  small  amomit  of  daily 
mileage  of  goods-waggons  is  dae  to  the  time  consumed  in  loading  and  unloading,  and 
waiting  for  a  complete  train.  It  is  stated  that  on  the  London  and  North- Western 
Bailway  the  number  of  vehicles  in  a  passenger  train  averages  7,  of  which  4  are  pas- 
senger carriages,  the  gross  load  being  70  tons  ;  and  that  the  average  weights  of  goods 
trains  are  154  tons,  or  120  tons  net  load,  i.e.  they  contain  abont  24  waggons. 

It  is  considered  that  the  periodical  repairs  which  the  working  stock  of  a  railway 
undergoes  keep  it  up  to  its  efifective  value  to  the  Company,  and  that  hence  no  reserve 
fund  is  requisite  for  replacing  it. 

The  total  cost  of  working  railway  trains  has  been  stated  to  be  from  3<.  to  5«.  per  mile, 
including  everything ;  and  the  following  classification  of  the  items  on  the  London  an«1 
Birmingham  Bailway  is  given  in  the  Appendix  to  a  Report  to  the  House  of  Lords  ou 
Railway  Communication  between  Loudon  and  Birmingham,  published  in  1848  : 

8.  d. 

Maintenance  of  way 0  5^ 

Locomotive  power 10 

Police 0  2 

Coaching  and  Merchandise 0  7J 

Coach  and  waggon  repairs         .         .         .         .  0  2J 

Depreciation  of  stock 0  4 

Mileage  duty 0  5^ 

Rates  and  taxes 0  8 

General  charges 0  2 

Total        .        ..38 

Goods  trains  cost  8(Z.  per  train  per  mile  additional. 

The  following  is  an  approximate  analysis  of  the  proportions  between  the  several 
expenses  of  working  and  maintenance,  obtained  from  five  of  the  principal  railways 
in  this  country,  viz.  : — 

Direction  and  management 6*8 

Maintenance  of  way  and  works 15*8 

Locomotive  power 85*1 

Carrying  department 38 'G 

Office  and  miscellaneous 37 

■  ■  m 

100  0 

In  some  small  lines,  when  ready  money  for  the  purchase  of  stock  has  not  been 
easily  procurable,  agreements  have  been  entered  into,  contracting  for  the  working  of 
the  line,  and  it  is  under  such  circumstances  alone  that  the  system  appears  advisable. 
The  North-Wcstem  Railway  Company  is  one  that  has  adopted  this  plan,  and  the  North 
Staffordshire  Railway  Company  another.  In  the  first  case,  the  contractor  is  bound  to 
run  trains  capable  of  conveying  132  passengers  each,  at  such  times  as  the  Company 
desire,  at  U.  per  train  i)er  mile,  the  contractor  finding  the  engines,  carriages,  &c., 
and  6  per  cent,  additional  being  allowed  him  for  shunting.  The  goods  traffic  the 
contractor  conveys  at  Is.  8d,  per  ton  per  mile,  the  waggons  being  found  by  the  Com- 
pany. The  following  Table  shows  tlie  rates  to  bo  paid  by  the  North  Staffordshire 
Railway  Comjmny  to  the  contractor,  who  finds  all  the  locomotive  stock,  plant,  &c 
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C.rrii««.t 

...p. 

mllD. 

1 

MilBporhuur. 

1 

a' 
1 
1 

1 

1 

i 

i 

i 

5  : 1 

30     1      40 

PiBMngors. 

d. 
13 

IS     1     12 

GooJBor 
miMrnla 
weighing 
120  tona. 

lil    1   13i 

.1 

<I. 
\ 

:l.    ■    d. 

(i. 

i 

rf. '  d. 

1 1 1 

Tim  enntractor  ia  Bohjcct  to  certain  charges  for  uk  of  atationaij  pluit,  &e. 
CiM  of  irorl'inj. — The  folloviDg  statement  of  the  coat  of  wurlting  anil  mniiite nance 
f<>r  the  hulf-jeait  ending  June,   1850,  on  the  London,   Brighton,   and  South  Co:ut 


Uaintenance  of  to;  per  mile  mn G'lSd. 

Uaint«nsnce  of  vny  per  mile  of  railway £03. 


LocomotiTe  pover  per  ti 

Cuach  and  waggon  repain  per  train  per  mile 

Coaching  per  cent  on  coaching  receipt* 

Quods  charges  per  cent,  on  gooda  receiplB 

General  charges  per  cent,  on  gross  receipts   . 

Taxation  per  cent,  on  groas  receipts 

Average  receipts  per  train  per  mile,  ezcluaiTO  i 

Total  eipendilure  per  train  per  mite 

Tola)  eipenditnre  per  cent,  on  gross  receipts 
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It  would  appear  also,  from  an  average  obtained  from  the  retama  of  the  principal 
RaJlwa;  CclnpanieB,  (liat  43  per  cent,  la  abont  the  proportion  of  the  expenditure  to 
tiie  gross  receipts  in  this  coontrj,  whilst  the  average  return  on  the  capital  has  been 
stated  tn  be  3'4  per  cent.  From  a  retnm  of  rulvajs  in  FrusaJs,  Anstriit,  Saxony, 
and  lisTaria,  it  wonld  appear  that  the  expenaes  of  worting,  in  1848,  were  6a'46  per 
cent,  of  the  gross  receipts,  and  the  return  on  the  capital  expended  3 'IS  percent.  From 
the  bnlf-jesrij  return  of  traffic  on  railways  published  b;  QoTemmcnt,  it  appeara  that 
the  proportion  of  goods  to  passenger  traffic  is  continually  on  tlie  increase. 

It  may  be  as  well  to  mention  in  this  place,  that  the  rapidity  of  ti-ansport  between 
two  places  by  train  on  a  railway  will  depend  more  upon  the  number  of  intermedial* 
stoppages  than  upon  the  speed  maintained  by  the  train  whikt  in  motion  ;  since  each 
stoppage  msy  be  consiflered  to  consume  five  miaates,  vit.  ;  IJ  minute  for  the  train 
to  come  to  rest,  1^  minute  to  start,  and  3  minutes  to  remain  at  the  station. 

Farci, — The  fares  which  the  public  tutre  to  pay  on  railways  may  be  divided  into 
two  parta  ;  the  first  being  what  a  CSompanj  eonatniating  a  line  would  charge  as  a  loll 
upon  the  passengers  and  loercbandiBa  using  it,  and  would  be  made  up  of  a  sum  fur 
interest  on  the  capital  expended  In  the  eonstnictian  of  tbe  line,  the  cost  of  mainte- 
nance, and  of  police.  The  second  is,  what  a  Company  working  the  line  wonld  charge, 
and  is  made  ap  of  the  actoal  cost  of  conveyance,  the  intereat  on  the  working  aloct, 
and  the  charges  for  superintendents,  clerks,  porters,  ka.  The  proprielors  of  a  railway 
will  always  be  able  to  carry  at  a  lower  rate  than  any  one  elee  upon  tlieir  own  lino 
vnder  a  fixed  system  of  tolli^  because  any  receipt*  beyond  the  mere  cost  of  conreyancc 
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and  maintenance  would  be  a  profit;  whilst  other  persons  using  the  line  would 
liaTe  to  pay,  under  the  head  of  toll,  a  fixed  interest  on  the  capital  employed  in  the 
construction. 

In  fixing  the  sums  to  be  charged,  therefore,  it  is  necessary  to  obtain  an  approximate 
estimate  of  the  number  of  passengers,  and  the  quantities  of  merchandise  to  be 
expected  on  a  railway,— assuming,  in  the  first  case,  a  certain  number  of  trains  per 
day  for  the  cost  of  locomotive  power  ; — and  in  estimating  thepriceper  tontobechargcil 
for  merchandise,  the  gross  amount  would  be  divided  by  what  would  constitute  an 
average  load, — the  chisses  of  goods,  cattle,  &c.,  being  obtained  from  an  assumed  bulk 
l^r  ton. 

Traffic. — The  first  point  to  bo  considered  in  estimating  the  probable  traffic  on  a 
railway  is  the  size  of  the  district  which  will  employ  the  line  as  a  means  of  conveyance. 
In  a  wealthy  and  a  mercantile  community,  where  time  is  of  more  value  than  money, 
the  most  rapid  mode  of  conveyance  will  be  preferred ;  whilst  in  a  poor  country,  and 
for  the  carriage  of  goods,  the  railway  will  only  be  adopted  when  its  use  will  insure 
diminished  expense  ;  or,  in  other  words,  the  limit  for  the  probable  contingent  traffic 
of  a  railway  will  be  the  point  at  which  the  land  carriage  to  the  line,  together  with 
the  conveyance  upon  it,  can  be  effected  in  less  time  or  at  less  expense  than  the  other 
available  land  carriage  for  the  whole  distance.  It  must,  however,  be  borne  in  mind 
that  the  land  carriage  to  the  line  should  be  estimated  along  the  main  roads  leading 
to  the  nearest  station,  and  that  for  short  distances  the  inconvenience  of  changing 
carriages,  and  the  delay,  will  often  more  than  counterbalance  the  advantages  to  be 
derived  from  using  the  line  ;  and  hence,  for  the  fall  development  of  local  traffic,  rigid 
punctuality  in  the  arrival  and  departure  of  trains  is  of  more  importance  than  appears 
to  be  generally  understood. 

In  estimating  the  passenger  traffic,  it  may  be  assumed  that  the  intercourse  between 
different  places  would  vary  as  the  product  of  the  population,  and  according  to  some 
law  of  the  distance,  all  other  circumstances  of  population  and  rate  or  speed  of  con- 
veyance being  the  same.  The  law  of  the  distance  would  of  coarse  depend  upon  the 
habits,  pursuits,  and  wealth  of  the  population  ;  and  a  fair  valae  for  each  description 
of  population  could  only  be  obtained  from  a  number  of  general  averages.  It  is  to  be 
regretted  that  Railway  Companies  do  not  publish,  in  their  half-yearly  returns  of 
traffic,  the  numbers  of  passengers  between  the  several  stations  on  their  lines.  The 
only  returns  of  the  sort  which  have  been  published  were  by  the  South  Eastern  Com- 
pany, for  the  year  1845,  in  a  Beport  to  a  Committee  of  the  House  of  Commons  on 
Railway  Acts  Enactments,  in  1846  ;  and  although  that  line  is  almost  the  worst  which 
could  have  been  selected,  both  from  being  the  main  road  between  London  and  the 
Continent,  and  because  the  agricultural  population  through  which  it  passes  is  not 
concentrated  about  the  stations  along  the  line, — and  therefore  the  results  cannot  be 
relied  on  as  correct  co-cffidents  for  the  distances,— yet  they  will  exhibit  the  effect 
which  distance  has  in  rapidly  diminishing  the  per-oentage  of  the  population  which 
travels.  The  average  co-efficients  for  an  annual  traffic  which  have  been  obtained  are 
as  follows : 

For  a  distance  of  about  6  miles,  gjg 
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In  framing  ettimates  baaed  npon  nmilar  data,  it  ia  neoenaiy  to  reoollect,  that 
whilst  towns  which  are  situated  on  the  line  should  have  their  population  reckoned 
at  the  full  value,  those  towns  situated  at  a  distance  from  the  line,  and  agricultural 
districts,  may  be  considered  as  towns  of  a  proportionately  smaller  amount  of  popa* 
lation  concentrated  at  the  stations. 

The  &ct  to  be  inferred  from  the  above^  viz.  that  the  great  mass  of  passengers  con- 
sists of  those  who  travel  short  distances,  is  farther  confirmed  from  the  result  of  traffic 
returns  in  Great  Britain  for  the  last  six  months  of  1848,  shewn  in  the  first  column  of 
the  following  Table ;  and  the  result  given  is  in  accordance  also  with  what  might  be 
presupposed,  viz.  that  the  poorer  classes  would  avail  themselves  of  railways  for  short 
distances,  more  than  those  classes  who  possess  other  means  of  locomotion.  From  the 
results  stated  in  the  second  and  third  columns,  it  would  appear  that  the  inferior 
dassee  of  passengers  form  the  chief  source  of  railway  business. 


1 

1 

( 

1 
Averafi^o  distance  travelled  Por-centage  of  each  class 
by  each  passenger.         booked  on  the  number. 

Per-centoge  of  each  class 
on  miles  travelled. 

1st  Class   . 
1  2nd  Class  . 

3rd  Class  . 

1 

27-0 
16-5 
140 

19-3 
38-5 
42-2 

11-8 
38-6 
49 -C 

:  Average   . 

1 

16-5                   Total  100-0 

Total  100-0 

Where  there  are  no  competing  facilities  on  either  side  of  a  railway,  and  no  natural 
barriers  to  impede  the  traffic,  it  may  be  assumed  that  the  probable  amount  of  mer- 
chandise which  would  be  conveyed  npon  a  railway  would  be  the  whole  surplus  produce 
of  the  district  through  which  the  line  would  pass,  together  with  the  imports  which 
would  be  required  for  the  consumption  of  the  population  of  the  district,  as  well  as 
part  of  the  surplus  produce,  and  of  the  imports  for  consumption  of  such  other  parts 
of  the  country  as  would  find  it  advantageous  to  use  the  line  as  a  medium  of  commu- 
nication. There  are  no  official  documents  from  which,  for  this  country,  the  trans- 
mission of  different  descriptions  of  produce  from  one  part  of  the  country  to  another 
can  be  judged  of ;  and  it  would  be  beyond  the  limits  of  the  present  article  to  describe 
the  modes  which  have  been  adopted  to  obtain  it. 

It  may,  however,  be  curious  to  observe,  that  it  has  been  estimated  that  the  average 
distance  travelled  on  railways  for  each  unit  booked  is,  for 
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Sheep,     do. 
Pigs  and  Calves,  do. 
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and  that  whilst  in  a  period  of  six  years  and  a  half  the  passenger  traffic  on  railways 
only  increased  28  per  cent.,  the  goods  traffic  was  augmented  282  per  cent. 

The  principal  points  to  be  attended  to  in  working  a  railway  are  to  obtain  a  maxi- 
mum daily  mileage  from  the  engines,  combined  with  a  maximum  effective  load  in 
the  trains  ;  and  since  the  terminal  expenses  for  goods  traffic  are  comparatively  heavy, 
it  should  be  remembered  that  the  greater  the  distance  the  goods  are  conveyed,  the 
smaller  will  be  the  proportionate  expense. 

American  Railways. — Having  now  stated  the  general  principles  upon  which  rail- 
ways are  constructed  and  worked,  more  particularly  in  this  country,  it  is  proposed  to 
add  a  few  remarks  on  the  cheaper  arrangements  which  have  been  adopted  in 
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America.  In  that  country  railways  haye  been  constructed  at  an  expense  of  firom 
£8000  to  £9000  per  mile.  The  country  they  pass  through  is  generally  leyel, 
requiring  low  embaokments  and  shallow  cuttings.  The  bridges  are  of  timber  from 
the  adjacent  forest  (occasionally  with  stone  abutments  and  piers),  and  frequently  the 
stations,  offices,  and  other  buildings  are  also  of  timber.  From  the  comparatively 
limited  amount  of  traffic  conveyed  upon  them,  a  single  line,  with  sidings  at  intervals, 
frequently  suffices  at  first ;  and  should  a  double  line  be  required,  it  can  be  added 
from  the  profits.  The  lightness  of  the  traffic  and  the  moderate  speed,  viz.  14  or  15 
miles  per  hour,  have  permitted  a  more  economical  roadway  than  that  in  use  in  this 
country  ;  the  curves  are  frequently  of  7  chains  radius,— curves  of  15  chains  radius 
are  usual ;  and  gradients  of  1  in  75  are  numerous.  In  some  instances,  under 
peculiar  circumstances,  and  where  timber  was  abundant,  pile  lines,  as  shewn  in  the 
accompanying  sketch,  have  been  constructed ;  where  high  above  the  ground,  diagonal 
braces  have  to  be  introduced  so  as  to  form  trestles :  instances  are,  however,  stated  to 
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have  occurred,  where  these  viaducts  have  warped,  and  let  the  engine  slip  down 
between  the  rails.  In  consequence  of  the  cheapness  of  wood,  and  the  high  price  of 
iron,  light  rails,  laid  on  longitudinal  bearers,  are  used,  which  are  supported  by 
cross  bearers,  5  feet  apart  When  the  traffic  is  light,  the  longitudinal  timber  of  hard 
wood  sometimes  forms  the  rail,  having  its  edge  protected  from  splitting  by  a  plate  of 
iron  let  into  it  and  spiked  down,  2g  in.  broad  and  ^  in.  deep.  This  plate,  however, 
when  so  fixed,  is  liable  to  rise  up  at  the  end,  and  to  snag  the  engine ;  and  rails 
similar  to  those  in  this  country,  but  with  the  sleepers  at  shorter  intervals,  to  admit 
of  a  lighter  rail,  viz.  from  25  to  80  lbs.  per  yard,  are  in  general  use.  When 
increased  traffic  is  anticipated,  the  earthworks,  &c.  are  constructed  for  a  double 
line. 

The  speed  on  these  lines,  stoppages  included,  is  14  or  15  miles  per  hour ;  and  the 
fuel  in  ordinary  use  is  wood  (except  in  the  coal  districts,  where  coal  is  used);  from 
its  cheapness,  and  from  the  smoke  not  being  objected  to  in  a  thinly-peopled 
country.  The  carriages  are  only  adapted  to  carry  one  class  of  passengers,  except 
that  a  compartment  is  set  apart  for  people  of  colour  :  they  are  of  great  length,  with 
a  passage  down  the  middle,  on  each  side  of  which  are  seats  placed  crosswise,  and 
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there  are  doors  at  <fitber  end.  Each  carriage  accommodatea  from  60  to  80  passengers. 
To  enable  these  carriages  to  move  round  carves,  instead  of  resting  directly  on  the 
axles,  each  end  rests  on  a  four-wheeled  rail  way- truck,  to  which  it  is  attached  by  a 
pivot.  Bailways  are  frequently  carried  to  the  centres  of  the  towns,  along  the  sides  of 
the  streets ;  the  train  for  the  latter  part  of  the  journey  being  drawn  by  horses.  In 
the  parts  of  the  country  exposed  to  snow,  and  where  it  is  liable  to  fall  to  a  great 
depth,  it  is  considered  advisable,  in  order  to  obviate  as  much  as  possible  the  proba- 
bility of  interruption  from  this  cause,  to  keep  the  rail  to  the  height  of  the  average 
depth  of  the  snow  in  the  country.  In  order  to  clear  lines  from  snow,  snow-ploughs 
are  used.  In  a  double  line  the  ploughshare  lies  over  the  inner  rail,  and  throws  the 
snow  outwards, — first  clearing  one  track  and  returning  by  the  other ;  whilst  for  a 
single  line  the  ploaghshare  travels  along  the  centre  of  the  track. 

Kailways  have  been  constructed  in  America,  as  in  this  country,  by  joint-stock 
companies, — the  State,  however,  reserving  to  itself  considerable  powers.  But 
Companies  are  not  exposed  to  the  same  preliminary  difficulties  that  they  are  sub- 
jected to  in  this  country  and  in  France.  The  time  for  the  completion  of  the  works 
is  limited  under  pain  of  forfeiture,  and  the  traffic  in  shares  before  the  Company  is 
definitely  formed  is  prohibited. 

Comparative  Cost  of  Railtoays, — The  following  is  the  cost  per  mile  of  railways  in 
the  subjoined  countries,  vix. 


Austria    .... 

£12,000 

Belgium  .     .     .     . 

£16,200 

Prussia     .... 

11,100 

France     •     .     .     . 

21,300 

Best  of  Germany     . 

11,200 

Great  Britain     . 

27,000 

Whole  of  Germany  . 

11,300 

United  States    .     . 

8,200 

The  following  are  works  which  give  information  on  the  subject  of  this  article,  and 
of  which  some  use  has  been  made  in  its  compilation,  viz. 

The  Practical  Railway  Engineer,  by  Drys-  Lardner's  Railway  Economy. 

dale  Dempsey,  Esq.  C.E.  De  Pambour  on  Locomotives. 

Baker's  Railway  Engineering.  Weale's  Tredgold  on  the  Steam  Engine. 

HaskoIVs  Assistant  Engineer's   Railway  Report   of    Commissioners    on    Railway 

Guide.  Communication  in  Ireland. 

Bidder's  Tables.  Gauge  Commissioners'  Report. 

Macneill's  Tables.  Reports  of  the  Commissioners  of  Bailways. 

Huntington's  Tables.  Report    of   Railway    Commissioners    on 
Seguin,  Chemins  de  Fer.  Railway  Communication  between  Lon- 

Belpaire,  sur  les  D6penscs  d'ExpIoitation.         don  and  Birmingham. 

Note  hy  Editor,  In  addition  to  the  points  already  mentioned,  the  following  matters 
may  be  here  noticed  as  essential  or  at  least  very  importaat.  The  establisbment  ot 
some  easily  available  means  of  communication  between  the  engine  driver  and  guard, 
and  between  the  latter  and  the  passengers,  so  that  anything  wrong  may  at  once  be 
known  and  evil  prevented.  The  arrangement  of  a  secure  pathway  for  the  guard 
throughout  the  length  of  the  train,  either  through  the  middle  or  along  the  outside  of 
the  carriages.  There  seems  to  be  no  doubt  also  that  loss  of  life  and  property  might  have 
been  on  several  occasions  avoided  during  inclement  weather,  had  the  engine  driver  and 
fireman  been  protected  by  any  kind  of  shed  or  cover  on  the  engine ;  which,  while 
sheltering  them  from  the  driving  wind  or  rain,  might  yet  not  interfere  with  a  good 
look  out.  This  might  be  readily  accomplished  as  in  the  United  States,  by  having  the 
'  shed  on  a  platform  behind  the  fire,  covered  over  the  top,  open  towards  the  tender,  and 


250  RECONNOITRING. 

glazed  on  the  front  and  aides  with  clear  strong  glass,  so  as  to  allow  perfectly  clear 
Tision  ;  and  even  apart  from  the  question  of  safety,  the  health  and  nsefnlness  of  the 
men  arc  of  such  importance,  that  no  question  of  expense  ought  to  be  allowed  to 
interfere  with  making  provision  for  their  protection.  Mirrors  might  also  be  placed  at 
such  an  angle  on  each  side,  that  the  whole  length  of  the  train  should  be  risible,  and 
any  signal  made  either  by  flag  or  hunp  for  day  or  nighty  might  be  at  once  seen  and 
responded  to. 


RECONNOITRING. 

MILITARY    RECONNAISSANCE    OF   A   TRACT   OF   COUNTRY 

OR   OF   A    POSITION.  * 

The  mode  of  obtaining  the  information  required  relative  to  any  portion  of  ground, 
must  of  course  vary  according  to  circumstances ;  for  instance,  if  it  is  occupied  by  an 
enemy,  great  judgment,  celerity,  and  daring  will  be  required  to  procure  any,  whilst, 
if  tluit  is  not  the  case,  the  examination  of  it  may  be  carried  on  more  deliberately  and 
thoroughly,  omitting  nothing  which  is  likely  to  be  of  use  in  enabling  a  General  to  make 
arrangements  for  moving  troops  through  it,  for  quartering  them  at  different  points, 
and  for  carrying  on  offensive  or  defensive  operations  in  every  part  of  it ;  and  as  these 
may  prove  very  disastrous  if  based  on  false  information,  the  greatest  care  must  be 
taken  to  write  down  the  results  of  the  observations  soon  after  they  are  made,  and  so 
distinctly  as  to  prevent  the  possibility  of  mistakes  arising. 

It  is  usually  effected,  if  in  presence  of  an  enemy,  by  a  few  mounted  officers,  each 
protected  by  a  small  party  of  cavalry,  and  accompanied  by  some  of  the  inhabitants  as 
guides;  the  escorts  may,  however,  often  be  dispensed  with,  so  as  not  to  attract  so 
much  observation,  and  grey  cloaks  should  be  worn  for  the  same  reason ;  but  an 
uniform  must  be  worn  underneath,  to  i)revent  their  being  considered  as  tpies,  if 
taken.  They  should  start  for  this  purpose  after  dusk,  so  as  to  conceal,  if  possible, 
their  intentions :  to  avoid  being  stopped  by  the  enemy  they  should  not  travel  far  along 
the  main  roads,  but  must  crots  them  as  often  as  possible  to  examine  their  character  : 
they  should  never  halt  long,  except  at  single  houses  apart  from  the  villages,  and  never 
sleep  on  two  successive  nights  at  the  same  place  :  they  must  avoid  giving  a  due  to 
their  intended  route  or  object  by  their  inquiries,  or  by  letting  their  guides  see  them 
taking  angles  and  drawing  plans  ;  and  they  must  also  be  provided  with  two  or  three 
days'  rations,  to  prevent  the  necessity  for  going  into  any  houses  whatever  when  there 
is  danger  of  being  taken  prisoners. 

A  map  of  the  country  is  usually  required  to  be  constructed  ;  or  at  least,  if  there 
is  not  time  or  means  for  constructing  one,  as  explained  in  the  article  on  'Field 
Sketching,*  a  rough  diagram  must  be  made  to  show  the  positions  of  the  principal 
points,  and  of  the  rivers,  mountains,  forests,  roads,  &c. 

A  memoir*  or  report  is  indispensable,  to  give  an  account  of  the  features  of  the 
country  and  of  the  positions  held  by  the  enemy,  and  should  be  accompanied  by  an 
alphabetical  list  of  the  various  places  in  a  tabular  form,  so  as  to  show  at  a  glance  the 
resources  and  accommodation  afforded  at  each. 

Memoirs  must  be  prepared  with  great  care  and  consideration,  and  afford  the  means 
of  judging  of  the  capacity  of  the  writers,  not  only  for  observing,  but  for  placing  the 


•  Seo  article  on  **  Repot  ts."  in  this  volumo,  p.  SM. 
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resnlts  of  their  obserTaiioiiB  clearly  before  the  reader,  who  ought  to  be  able  at  onoe  to 
fiud  the  general  deeoription  of  any  particalar  part  of  the  country,  as  'well  as  all 
details  if  he  requires  them.  The  hitter  may  sometimes  be  conveniently  placed  in  a 
tabular  appendix,  reference  being  made  to  them  in  the  report  itself,  which  may  thus 
]ie  condensed.  A  table  of  contents  must  be  prefixed  to  the  memoir,  and  such  an 
arrangement  of  the  subjects  must  be  made  as  to  enable  any  one  of  them  to  be  found 
immediately. 

The  style  should  be  concise,  but  the  information  afforded  must  be  as  complete  as 
tlie  circumstances  of  the  case  require,  care  bemg  taken  to  ayoid  digressions  about 
irrelevant  or  unimportant  matters,  and  to  keep  the  principal  points  prominently  in 
view.  It  may  also  be  observed  that  reports  have  sometimes  proved  nearly  useless 
from  the  badness  of  the  writing,  and  that  great  care  must  be  taken  to  spell  the  names 
of  places,  &c.  correctly,  to  give  all  the  names  by  which  they  are  known,  and  to  write 
them  so  that  there  can  be  no  mistake  with  regard  to  those  which  are  nearly  alike. 
It  is  very  desirable  that  officers  employed  in  recounoitring  should  have  a  good  know- 
ledge of  the  language  of  the  inhabitants  of  the  country  to  be  examined. 

The  following  Orders,  given  by  Sir  George  Murray  to  the  Officers  of  the  Quarter- 
Master-General's  Department  during  the  Peninsular  War,  will  serve  as  a  guide  in  the 
compilation  of  reports,  and  the  table  must  shew  in  separate  columns  the  number  of 
men  and  horses  for  which  there  is  permanent  and  temporary  accommodation,  the 
quantities  of  various  kinds  of  cattle,  carriages,  food,  fuel,  and  other  resources 
available,  and  the  number  of  mechanics,  mills,  forges,  &c. 

'*One  of  the  first  duties  of  the  Officers  of  the  Quarter-Mastcr-General*s  Depart- 
ment is  to  acquire  a  knowledge  of  the  country  which  is  the  theatre  of  the  operations 
of  the  army  :  this  supposes  not  only  an  acqmuntance  with  the  natural  and  political 
divisions  of  the  country,  and  with  its  principal  features,  but  also  detailed  local 
information  on  the  following  points  : — 

*'  1st.  The  peculiar  nature  of  each  district  of  coimtry  and  its  productions  ;  what 
parts  of  it  are  mountainous  or  hilly,  and  what  are  level  ;  whether  the  hills  are  steep 
or  broken  by  rocks,  or  if  they  rise  by  gradual  and  easy  slopes,  or  if  the  ground  is 
undulated  only  in  gentle  swells  ;  whether  the  connection  of  the  high  grounds  is 
obvious  and  continued,  or  if  the  heights  appear  detached  from  each  other ;  in  what 
direction  the  ridges  run,  and  which  is  their  steepest  side ;  what  is  the  nature  and 
extent  of  the  valleys,  and,  in  like  manner,  what  is  the  nature  of  the  ravines, — where 
they  originate,  in  what  directions  they  run,  and  whether  they  are  of  difficult  access  or 
to  be  easily  passed. 

**  Whether  the  country  is  barren  or  cultivated,  and  what  is  the  kind  of  cultivation, 
— whether  vines,  olives,  or  com  (and,  if  the  latter,  what  kind,)  are  grown,  and  in 
what  parts  they  are  most  abundant ;  also  what  is  the  nature  of  the  soil. 

*'  If  it  is  a  country  of  pasturage,  whether  it  is  pastured  by  cattle,  by  sheep,  or  by 
horses,  and  in  what  numbers. 

''What  parts  of  the  country  are  open  and  what  are  enclosed  ;  also  the  description 
of  the  enclosures,  whether  small  or  extensive,  formed  of  stone  walls,  ditches,  hedges, 
or  fences  of  any  other  kind. 

''What  parts  of  the  country  are  wooded,  and  whether  with  full-grown  timber  or 
coppice-wood,  also  with  what  species  of  trees. 

"What  is  the  nature  of  the  country  with  reference  to  the  operations  of  troops ; 
what  parts  are  favourable  to  the  action  of  Cavalry,  and  what  for  Infantry  only.* 

•  It  must  not  bo  forgotten  that  the  facilities  for  nioviug  troops  arc  often  much  affected  by 
the  BoasouSy  by  rains,  nn<l  by  frost. 
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2nd.  The  IliverSf  laser  Streams^  and  Canals, — The  Bonrcea  of  rivers  and  the 
direction  of  their  course, — whether  they  are  rapid  or  otherwise ;  their  breadth  and 
depth,  and  what  Tariations  they  are  subject  to  at  yarious  seasons  of  the  year ;  the 
nature  of  their  channels  and  banks, — whether  rocky,  gravelly,  sandy,  or  mnddy,  of 
easy  or  of  difficult  access  :  the  bridges  across  them, — whether  of  stone  or  of  wood  ; 
their  breadth  and  length,  and  whether  accessible  to  Artillery,  and  capable  of  bearing 
its  weight. — The  Fords,  with  similar  remarks,  and  whether  always  passable,  or  at 
certain  times  and  seasons  only.* — Which  rivera  are  navigable,  from  and  to  what 
points,  and  by  what  description  of  vessels  or  boats,  — The  Ferries,  their  breadth  and 
the  nature  of  the  landing-place  on  each  side  ;  what  description  of  boats  is  used  upon 
them  ;  how  many  men,  horses,  carriages,  &;c.,  each  boat  is  capable  of  containing, — 
how  much  time  the  passage  requires,  and  in  what  manner  it  is  performed. — Canals, 
their  course,  breadth,  and  depth  ;  the  nature  of  the  traffic  carried  on  upon  them ;  the 
number  of  boats  usually  to  be  found  at  different  places,  and  their  nature  and  dimen- 
sions ;  also,  whether  they  are  tracked  by  men  or  horses,  or  how  otherwise  navigated.-^ 
Lakes  and  inlets  of  the  sea,  their  situation,  extent,  and  boundaries ;  what  description 
of  vessels  can  navigate  them,  &c.,  together  with  such  of  the  above  observations  as  arc 
applicable  to  them. — Marshes,  their  situation  and  extent ;  whether  passable  for  troops 
in  any  part,  and  whether  they  continue  wet  throughout  the  year,  or  exist  only  during 
the  wet  season. 

**  3rd.  Population^  resources^  accommodation  for  troopt,  d'C, — The  size  of  towns 
and  villages,  and  the  numl)er  of  their  inhabitants ;  also  whether  they  are  well  supplied 
with  provisions  or  not ;  the  number  of  houses,  churches,  convents,  or  other  public 
buildings ;  whether  the  houses  are  large  and  commodious,  or  small  and  mean  ;  what 
number  of  troops  could  be  accommodated  in  private  houses,  and  what  in  public 
buildings  :  what  stabling  or  other  cover  there  is  for  horses  ;  whether  the  towns  are 
walled  or  open,  favourably  situated  for  defence  or  otherwise,  also  if  capable  of  being 
strengthened,  and  by  what  means.  Similar  observations  in  regard  to  detached 
convents,  gentlemen's  seats,  &rms  or  other  separate  buildings,  are  required ;  and 
plans  or  sketches  of  walled  towns,  defensible  villages,  or  detached  buildings,  should 
always  accompany  the  reports  upon  them. 

'^The  number  of  carriages,  horses,  mules,  or  draught  oxen,  in  possession  of  each 
town,  village,  or  farm,  should  be  stated,  and  what  is  the  general  means  of  conveyance 
made  use  of  in  the  country  ;  whether  places  are  unhealthy  or  not ;  and  if  they  are, 
whether  there  arc  any  obvious  local  causes ;  also,  whether  they  are  generally  unhealthy, 
or  only  so  at  particular  seasons. 

'*  4th.  Roada, — Particular  information  must  be  obtained  respecting  roads,  in  the 
description  of  which  it  is  impossible  to  be  too  minute  :  the  general  nature  of  each 
road,  and  also  all  variations  which  occur  in  it  from  distance  to  distance,  should  be 
accurately  described  ;  whether  the  road  has  been  regularly  made,  or  appears  to  have 
been  formed  only  by  the  use  of  the  people  of  the  country  ;  whether  it  is  fit  for 
Artillery,  or  practicable  for  any  description  of  wheel-carriages,  for  Cavalry  or  for 
Infuntry  only ;  over  what  description  of  soil  it  passes,  whether  rocky  or  gravelly, 
sandy,  clayey,  or  earthy,  and  to  what  injuries  it  is  liable  in  bad  weather  ;  whether  it 
is  easily  repairable  or  not ;  what  materials  are  requisite  for  that  purpose,  and  whether 
they  are  to  be  found  in  the  neighbourhood ;  whether  any  bad  parts  of  the  road,  or  the 
narrow  and  embarrassed  streets  of  any  of  the  towns  or  villages,  can  be  avoided  by 


•  fc'co  article  "  Fords,"  vol.  i.  \\  645. 
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going  out  of  the  road  for  a  short  distance,  as  also  whether  any  great  improvement 
could  be  made  in  the  general  direction  T)f  any  part  of  the  road  by  adopting  a  new  line 
altogether  for  a  considerable  distance ;  and  what  amount  of  work  is  necessary  in 
cither  of  these  cases. 

''  Particular  attention  should  be  paid  to  the  ascents  and  descents  upon  the  road  ; 
whether  they  are  gradual  and  easy,  or  abrupt,  rugged  or  stony,  having  short  turns  or 
other  difficulties ;  whether  the  road  is  wide  enough  in  those  parts  which  run  along 
the  sides  of  hills,  and  whether  it  is  ercn  or  canted  off  the  level,  so  as  to  be  unfavour- 
able for  carriages. 

''In  those  parts  where  the  road  passes  between  walls,  or  where  it  forms  a  hollow 
way  between  banks  of  earth,  rocks,  or  other  obstacles,  its  breadth  ought  to  bo 
measured  ;  and  it  should  be  stated  also  whether  it  can  be  widened,  or  the  obstacles 
which  confine  it  removed. 

*'  The  ferries,  bridges,  fords,  &c.  met  with  on  the  i-oad  should  be  particularly 
attended  to  ;  the  possibility  of  obstructing  or  breaking  up  the  road,  so  as  to  prevent 
its  being  used  by  the  enemy,  or  of  destroying  the  bridges  and  fords  upon  it,  should 
be  stated ;  the  means  of  effecting  these  objects  should  be  pointed  out,  as  also  the 
labour  and  time  requisite  for  such  works.* 

*'  The  distances  of  the  places  along  the  road  should  be  given,  both  in  the  measures 
of  the  country  and  in  English  miles,  averaged  as  accurately  as  possible  :  the  time 
required  to  travel  the  different  distances  at  the  ordinary  walk  of  a  man  or  of  a  horse 
should  be  also  stated.  The  places  to  the  right  and  left  near  the  road  should  bo 
mentioned,  their  distances  from  the  road,  and  at  what  points  the  communications  to 
them  strike  off  from  it.  f  * 

*'  Care  must  be  taken  that  the  names  of  towns,  villages,  rivers,  &c.  are  spelt  in  the 
same  manner  as  by  the  natives  of  the  country  ;  and  when  the  spelling  and  pronunci- 
ation differ  very  much,  the  names  should  be  written  (in  a  parenthesis)  as  they  arc 
pronounced. 

*'  5th.  Camps  and  Positions. — All  strong  passes,  posts,  or  more  extensive  positions 
which  present  themselves  either  upon  the  line  of  a  road  or  in  any  other  situation,  as 
also  all  places  favourable  for  encamping  or  bivouacking  troops,  either  with  a  view  to 
remaining  there,  or  with  reference  merely  to  convenience  on  a  march,  should  be  pjar- 
ticularly  described  ;  their  situation,  extent,  facility  of  access,  nature  of  soil,  supply  of 
water  at  all  seasons,  quantity  and  kind  of  wood,  and  whether  in  sufficient  abundance 
for  hutting  the  troops,  or  only  for  furnishing  fuel.t 

*'A  sketch  of  the  ground,  upon  a  pretty  large  scale,  should  always  accompany  the 
Reports ;  those  of  positions  should  never  be  made  upon  a  smaller  scale  than  4  inches 
to  an  English  mile ;  general  sketches  may  be  made  upon  a  scale  of  2  inches  to  a  mile, 
and  tracings  of  roads  upon  a  scale  of  1  inch  to  a  mile. 

**The  OflRcers  of  the  Department  ought  to  avail  themselves  of  every  opportunity 
that  offers  to  verify  and  extend  their  information  u^wn  the  points  above  mentioned  ; 
and  the  information  obtained  should  be  always  put  into  such  a  shape  that  it  may  be 
transmitted  to  the  head  of  the  Department,  or  be  applicable  to  the  use  of  the  Gonenil 
Officer  under  whom  they  are  immediately  employed. 

**In  all  Reports  they  will  be  pleased  to  state  distinctly  what  parts  of  the  informa- 
tion which  they  contain  rest  upon  their  own  personal  examination  of  the  objects  in 
question,  and  what  upon  the  authority  of  others ;  and  in  the  latter  case,  tbcy  will 


•   ViiU  articles  on  "  liii<lgC8  "  nud  "  Demolition."  \   yUfc  annexed  form. 
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mention  the  Boaree  of  their  information,  ip.  order  tliat  a  judgment  may  be  formed  of 
the  degree  of  credit  to  which  they  are  entitled. 

'*They  will  consider  it  their  duty  to  apprise  the  Qnarter-Master- General  of  every 
reconnaissance,  report,  sketch,  &c.,  executed  by  them  ;  whether  done  by  order  of  the 
General  Ofliccr  to  whom  they  are  attached,  or  npon  any  other  oocaaion,  as  all  their 
labours  are  understood  to  belong  to  the  Department,  and  to  be  the  property  of  the 
pablic. 

(Signed)  *<Geo.  Mubbat,  Q.M.a. 

»*Cartaxo,  Dec.  2nd,  1810/* 

In  addition  to  the  points  mentioned  in  the  above  instructions,  the  Heport  should 
contain  information  as  to  the  means  of  supplying  troops  with  provisions,  viz.  cattle, 
stores  of  com,  &c.,  also  as  to  bakeries,  and  buildings  adapted  for  barracks  and  for 
hospitals  ;  and  it  should  describe  the  facilities  for  concentrating  troops  on  particular 
points  by  means  of  the  roads  shewn  on  the  plan ;  it  should  also  state  to  what  extent 
the  banks  of  the  rivers  are  liable  to  be  flooded  by  falb  of  rain,  melting  of  snow,  or 
breaking  of  embankments,  and  how  long  it  usually  takes  fur  these  inundations  to 
subside  ;  the  alterations  liable  to  be  caused  by  floods  in  the  direction  or  depths  of  the 
channels,  and  the  periods  during  which  the  rivers  are  usually  frozen  over;  what 
materials  are  available  for  making  rafts,  such  as  are  aflbrded  by  timber-yards,  the  beams 
of  houses,  trees,  &c.  ;  what  number  of  boats  can  be  collected  at  given  points  within  a 
certain  time,  the  nature  and  sizes  of  the  boats,  and  the  number  of  men  who  can  be 
obtained  to  manage  them  ;  the  exact  width  of  the  bridges,  the  number  and  spans  of 
the  arches,  the  nature  of  their  masonry  or  other  materials,  the  facilities  for  fording 
the  river  near  them,  so  as  to  prevent  a  column  in  passing  over  on  the  line  of  march 
being  lengthened  out  by  the  narrowness  of  the  roadway ;  the  space  available  for 
deploying  on  each  side,  or  for  constructing  works,  as  bridge-heads ;  the  probabilities 
of  certain  parts  of  the  roads  being  rendered  impassable  by  the  march  of  troops  over 
them,  and  the  means  at  hand  for  repairing  them  with  fascines,  rails  of  fences,  &c.  ; 
also  whether,  in  that  case,  carriages  could  be  taken  through  by  merely  sending 
Iniantry  to  assist.* 

Although  railways  are  likely  to  be  rendered  useless  for  a  time  by  the  enemy,  com- 
plete information  with  regard  to  them  must  be  obtained,  viz.  whether  they  have  single 
or  double  lines  of  rails,  the  positions  of  the  viaducts,  junctions,  stations,  &c,  and  the 
facilities  for  repairing  parts  broken  up. 

The  Officers  making  a  reconnaissance  must  take  care  to  verify  personally  as  much 
as  possible  of  the  information  which  they  may  obtain  ;  but  all  persons  who  may  bo 
met  with  should  be  cautiously  and  separately  interrogated,  employing  art  rather  than 
force, — inquiring  about  subjects  of  a  different  nature  from  that  on  which  informa- 
tion is  required,  so  as  to  lead  to  it  casually^  and  writing  down  what  is  important 
without  being  observed,  so  as  to  prevent  being  suspected  by  the  enemy,  who,  by 
sending  out  a  few  parties,  would  probably  surprise  them  ;  to  prevent  which,  the 
greatest  precautions  must  be  taken,  jmrticularly  by  keeping  the  horses  ready  saddled 
at  night.  Prisoners  or  deserters  should  be  interrogated  as  to  tho  numbers,  strength, 
and  position  of  their  regiments  and  divisions,  the  names  of  the  Generals,  the  positions 
of  detachments  and  of  head-quarters,  alterations  of  positions  expected,  latest  orders 
given  out,  numbers  of  wounded  or  recruits,  quantity  and  localities  of  provisions, 


*  Sco  "  Paseat'c  of  Rivora." 
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artillery,  siege,  aud  bridge  equipments;  also  whether  the  enemy  are  repairing  any 
roads,  bridges,  &c.,  or  constructing  intrenchments ;  and  inquiries  must  be  made  of 
the  principal  inhabitants  as  to  the  movements  and  positions  of  the  enemy,  as  also  the 
arrangement  of  their  columns  on  the  line  of  march. 

8pie8  must  bo  employed  with  great  caution,  making  nse  of  them  so  as  to  be  checks 
upon  each  other,  and  giving  them  nothing  in  writing  but  what  will  serve  to  mislea^l 
the  enemy  ;  also  paying  them  liberally,  and,  if  possible,  retaining  their  families  as 
pledges  f(ir  their  fidelity. 

The  subject  of  reconnoitring  i*;  entered  into  mnch  more  fully  than  can  be  done  in  a 
work  of  this  nature,  in  '* Chatelaines  Traill  des  Reconnaissances  Militaires,*'  published 
in  1847-50,  which  may  therefore  be  consulted  with  advantage. 

The  form  given  on  the  next  page  for  Reports  on  particular  roads  has  been  found 
very  useful,  as  it  shows  at  a  glance  the  information  required,  which  must  often, 
however,  be  much  more  detailed  than  that  here  given:  the  approximate  heights  of  the 
prominent  points  traversed  by  each  should  be  marked  upon  the  sketch  :  the  difference 
of  level  required  to  obtain  these  may  be  roughly  estimated  by  noting  the  points  where 
the  horizon,  if  it  were  that  of  a  plain  or  of  the  sea,  would  cut  the  sides  of  the  hills,  which 
may  be  considered  to  be  on  nearly  the  same  level  as  the  spot  where  the  observer 
stands,  from  whence,  by  remarking  the  apparent  heights  of  men,  houses,  or  trees  near 
them,  the  difference  of  level  between  them  and  other  points  may  be  judged  of. 

A  reconnaissance  by  a  body  of  troops,  to  discover  an  encmy^s  force  and  position, 
must  be  planned  in  accordance  with  the  nature  of  the  country,  and  its  strength  must 
depend  very  much  uiM)n  the  chances  of  being  sui-prised  ;  men  should  be  detached  to 
every  commanding  height  near  the  rood,  to  observe  the  movements  of  the  enemy, 
and  telegraph  accordingly  to  the  main  column  ;  the  Officer  commanding  must  also 
arrange  his  plans  to  secure  a  retreat,  by  remarking  the  points  favourable  for  delaying 
an  assailant,  or  likely  to  cover  an  ambuscade. 

A  sketch  must  be  made  showing  all  the  features  of  the  country  traversed,  the 
positions  of  the  enemy,  the  nature  of  the  approaches  leading  to  them,  and  of  the 
obstacles  protecting  them,  as  well  as  the  situation  of  field-works,  artillery,  and 
cavalry.  Sometimes  an  attack  made  with  much  noise  on  one  side  of  a  position  may 
draw  off  the  enemy's  attention  from  that  where  the  reconnaissance  is  being  made, 
and  individuals  may  often  creep  close  up  to  it  under  cover  of  hedges,  &c.,  so  as  to 
insure  a  more  satisfactory  examination  of  the  defences  ;  but  care  must  be  taken  not 
to  compromise  the  retreat,  and  not  to  halt,  except  in  open  spots  the  approaches  to 
which  can  be  seen  for  some  distance  ;  and  it  must  be  recollected  that  it  is  of  great 
importance  not  to  attract  too  much  attention  to  the  real  object  of  ths  reconnaiss moe. 

From  the  dust  raised  and  the  space  occupied  by  the  enemy's  troops  on  the  march, 
and  from  the  number  of  their  fires  (calculating  on  about  six  men  to  each  of  the 
htter),  their  strength  may  be  estimated  ;  it  may  be  remarked  also  that  if  the  glitter 
of  their  arms  is  brilliant,  they  are  probably  advancing,  and  if  not,  retreating. 

The  extent  of  cover  from  the  enemy's  fire  afforded  by  hollow  ground,  &c.  in  front 
of  his  position  must  be  carefully  noted  ;  likewise  whatever  can  be  discovered  relative 
to  the  country  beyond  the  enemy's  position  and  on  its  flanks,  as  well  as  the  move- 
ments taking  place  among  the  enemy's  troops  and  carriages. 

Reconnaissance  of  a  Fortress  preparatory  to  an  Attack.  Having  procured  the  best 
plan  of  it  which  can  be  obtained,  and  such  information  as  the  people  living  near  it 
can  furnish,  an  Officer  must  approach  by  daylight,  with  but  few  attendants,  yet 
supported  by  small  guards  concealed  in  their  rear,  to  verify  and  correct  the  plan  and 
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ascertain  the  best^  direction  in  which  to  advance  for  the  purpose  of  examining  the 
details  more  closely,  which  he  will  do  afterwards  at  night  with  a  strong  guard  j  and 
by  retiring  gradually  as  day  dawns,  will  be  able  to  see  most  at  that  time  without 
being  discovered  or  interrupted.  Balloons,  anchored  or  firee,  may  also  perhaps  be 
used  in  calm  weather  for  this  purpose  sometimes. 

The  points  most  necessary  to  remark  are  the  hollows  and  fences  affording  cover ; 
the  roads  by  which  the  guns  and  stores  can  be  conveyed  to  the  projected  batteries 
without  being  exposed  to  the  fire  from  the  fortress  ;  the  material,  height,  and  slope 
of  the  glads,  and  the  features  of  the  country  around  ;  the  depth  of  the  ditches  and  of 
the  water  in  them  ;  the  condition  of  the  flanging  defences ;  also  the  nature  and 
position  of  the  b&tardeaux,  and  state  of  the  revetments,  parapets,  hedges,  and  other 
obstacles,  &c.,  &c. 

By  the  sound  of  tools,  the  appearance  of  scaffolding,  &c.,  or  by  information 
received  from  the  workmen,  may  be  discovered  at  what  parts  repairs  are  going  on  or 
have  been  lately  executed,  as  also  what  mine-galleries,  retrenchments,  &e.  have  been 
constructed ;  and  the  lightning-conductors  will  often  point  out  the  situation  of  the 
magazines. 

Three  ladders  braced  together,  or  a  more  permanent  stage,  may  be  employed  some- 
times advantageously  for  watching  the  operations  of  the  besieged. 

After  it  is  decided  en  which  side  to  attack,  further  details  of  the  plan  of  the  works 
may  be  obtained  by  taking  the  prolongations  of  the  parapets  when  the  shadows 
mark  them  most  distinctly,  and  thus  a  more  accurate  plan  for  the  Attack  may  be  con- 
structed, on  which  the  projected  approaches  can  be  laid  down. 


REPORTS,  MILITARY. — The  Editors  were  requested  to  insert  an  article 
on  the  subject  of  framing  Military  Reports,  to  assist  the  memory  of  an  Officer  upon  any 
emergency  in  the  field ;  and  in  accordance  with  this  wish  the  following  suggestions 
were  offered  by  the  late  General  Lewis  : — 

1.  It  has  been  found  convenient,  and  was  directed  by  an  order  of  the  Master- 
General  and  Board  of  Ordnance,  that  all  Reports  should  be  written  half-margin  on 
foolscap  paper,  and  each  paragraph  numbered  :  this  arrangement  enables  the  superior 
Officer  to  whom  the  Report  is  addressed  to  make  marginal  notes,  and  the  numbering 
of  the  paragraphs  affords  an  easy  reference  to  the  several  parts  of  the  subject. 

2.  All  Reports  should  be  aooomponied  by  drawings,  either  as  sketches  of  the 
ground,  or  views  of  the  principal  features ;  and  the  more  they  are  illustrated  by 
vignettes  and  diagrams,  which  may  be  given  on  the  margin  or  in  the  paragraphs  of 
the  Reports,  the  more  interest  will  be  given  to  them,  aa  facilitating  a  quick  compre- 
hension of  the  subject. 

3.  Many  parts  of  a  Report  may  be  given  in  a  tabular  form,  which  should  be  done 
when  possible. 

4.  An  early  attention  to  the  object  of  the  Report,  and  the  instructions  or  orders 
received  for  making  It,  will  save  much  trouble :  it  is  also  necessary  to  arrange  the 
subjects  in  the  order  of  their  relative  importance,  so  time  may  not  be  lost  in  seeking 
for  information  of  littie  value. 

6.  An  important  consideration  is  the  condensation  of  facts  in  the  smallest  possiUe 

space,  in  logical  order,  so  as  to  keep  up  the  interest  of  the  subject^ — and  by  inserting 

unimportant  details  only  in  notes  or  in  an  Appendix  to  the  Report.     Care  should  be 

taken  that  littie  extraneous  matter  is  given  ;  and  if  any  thing  foreign  to  the  purpose  of 

TOL.  in.  • 
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the  Report  should  be  considered  osefal,  it  may  be  placed  also  in  the  Appendix,  with 
an  allasion  to  it  in  the  body  of  the  Report. 

6.  The  purport  or  substance  of  each  paragraph  of  the  Report  should  be  briefly 
inserted  in  the  blank  half-margin  side  of  the  paper  j  this  enables  the  reader  to  recur 
to  any  part  \^thout  trouble. 

7.  Military  Reporters  should  be  careful  in  recording  hearsay  statements,  and 
ofiering  opinions  on  surmise  ;  and  if  vague,  the  authorities  should  be  quoted,  and  the 
Talue  of  the  evidence  stated  :  &cts  are  what  is  required,  based  upon  ocular  demon- 
stration. 

8.  In  framing  a  Report,  much  valuable  information  will  be  found  in  this  work, 
under  the  heads  of  ^  Field  Sketching,'  *  Geology,'  and  'Reconnoitring.'  In  this  last 
the  several  subjects  necessary  to  notice  are  given,  and  the  most  important  points  of 
each  are  inserted  in  detail.  The  articles  on  the  '  Passage  of  Rivers,'  the  '  Ck)n8truction 
of  Roads,'  and  'River  Navigation,'  also  'Statistics,'  will  afford  valuable  information 
to  the  Reporter,  according  to  the  tenor  of  his  instructions. 

9.  The  application  of  ground  to  military  operations,  "whether  offensive  or  defensive^ 
for  strategical  or  tactical  purposes,  may  be  considered  the  most  difficult  of  tasks  to 
a  Military  Reporter,  and  few  opinions  should  be  given,  except  those  formed  from 
incontrovertible  facts ;  and  assertions  that  a  river  is  impassable,  a  country  inaccessible, 
a  place  impregnable,  and  roads  impassable,  should  only  be  offered  on  most  accurate 
information  ;  and  if  not  from  personal  inspection,  the  authority  must  be  given.  To 
suggest  that  particular  sites  afford  good  positions  for  offensive  or  defensive  tactical 
operations,  or  that  they  are  well  suited  for  intrenched  camps,  posts,  or  positions  for 
strat^cal  operations,  should  be  given  hypothetically,  if  not  based  upon  a  thorough 
acquaintance  with  the  country,  and  some  knowledge  of  the  Art  of  War. 

10.  Finally,  in  arranging  the  Report,  the  classification  of  matter  under  different 
heads  should  be  attended  to,  and  subjects  separated,  keeping  the  descriptive,  statistic, 
political,  and  military  parts  distinct,  as  well  as  other  points  unconnected  with  each 
other. — G.  G.  L. 


RIVER  AND  INLAND  NAVIGATION.* 

SBCnON  I. — RIYXEB. 

General  Re*  1*  Rivers,  as  far  as  they  are  applicable  to  the  purposes  of  internal  navigation,  may 

>°^^-  be  regarded  as  natural  canahs,  whose  section,  inclinaticm,  and  speed,  or  rate  of  flow, 

vary  within  limits  of  considerable  range  ;  and  the  volume  of  water  they  carry,  and  the 
nature  of  its  movement,  are  proportionately  affected  by  such  variations.  Banning 
waters  are  also  utilized  as  motive  powers,  not  only  for  the  mills  plaoed  immediately 
npon  them,  but  also  for  the  descending  navigation. 

2.  Those  who  may  desire  to  study  in  detail  the  laws  which  connect  the  genezal 
phenomena  of  the  elevations  of  the  mountidn  ridges,  and  the  direction  of  rivers^  are 
referred  to  the  works  of  Messrs.  Lamblardie,  Brisson,  De  Torpy,  and  Denaix.  Sir 
C.  Lyell's  incomparable  work,  the  'Principles  of  Geology,'  and  the  more  modem 
treatises  upon  Physical  Geography,  contain  much  interesting  information  bearing  npon 
this  branch  of  practical  scienoe. 


•  By  George  R.  Bumell,  C.  E. 
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8.  For  present  porposeB  it  will  be  sufficient  to  consider  rirers  as  presenting,  from 
their  source  to  the  places  where  they  fall  into  other  rivers  or  the  sea,  the  follow- 
ing characters :  In  plan,  they  present  a  water  section  or  line,  which  widens  with 
more  or  less  regularity.  In  longitudinal  section,  they  present  concave  curves  both  at 
the  bed-line  and  at  the  surface  (with  occasional  exceptions) :  these  curves  are  not 
always  either  concentric  or  parallel  one  with  the  other.  The  total  length  measured 
upon  the  axis  of  the  longitudinal  profile  in  all  cases  exceeds  the  length  measured  in  a 
straight  line  between  the  two  extremities. 

4.  When  rivers  fall  into  a  sea  subject  to  tidal  influences,  or  into  another  river 
whose  level  is  variable,  their  plans  and  profiles  vary  unceasingly.  When  tides  act 
upon  them,  their  variations  are  periodical,  and  follow  the  laws  which  regulate  the 
tides ;  that  is  to  say,  the  spring  and  neap  tides,  the  ordinary,  or  the  equinoctial  ones, 
aSect  the  river- waters  in  the  same  manner  that  they  do  those  of  the  sea. 

5.  The  speed  of  a  river,  or  its  rate  of  flow,  would  continually  accelerate,  indepen- 
dently of  the  variation  in  the  volume,  if  the  muddiness  of  the  waters,  and  their  fric- 
tion upon  the  bottom  and  sides  of  their  bed,  did  not  exercise  a  retarding  influence. 
These  resistances  augment  in  proportions  even  more  considerable  than  the  rapidity  of 
the  current,  and  thus  counterbalance  the  influence  of  the  fifill,  and  establish  some- 
thing like  a  uniformity  of  flow.  It  is  also  to  be  observed,  with  regard  to  the  course 
of  all  rivers  carrying  them  through  plains,  that  in  the  latter  portion  of  ^their  passage 
to  the  sea  the  velocity  becomes  to  a  great  extent  equalised  by  the  diminution  of  the 
rate  of  fall. 

6.  Moreover,  the  flow  is  not  the  same  in  the  whole  of  the  transverse  section  of  a 
river.  In  the  cases  where  tides  do  not  act,  it  is  the  greatest  in  the  portion  called  by 
continental  Engineers  the  thalweg^  which,  in  fact,  is  defined  by  this  identical  pheno- 
menon. Beyond  the  thalweg  there  are  zones  in  which  the  water  is  either  stagnant, 
or  even  at  times  when  it  has  a  movement  in  an  opposite  direction  to  the  usual  current, 
especially  in  the  cases  where  the  section  of  the  river  widens  out  unexpectedly.  These 
currenis  are  sometimes  called  'backwater,*  or  counter-currents.  A  very  plausible 
explanation  of  them  has  been  given  by  Yenturi,  in  a  very  remarkable  treatise  upon 
'the  lateral  Communication  of  Movement  to  Water.' 

Ban  Velocity.  7.  In  the  thalweg  itself  also,  ^the  flow  is  not  the  same  at  ftie  bottom  as  it  is  at  the 
surface  of  the  water.  In  rather  shallow  rivers,  the  maximum  of  speed  appears  to  be 
at  the  sur£Ace.  It  is  usually  considered  that  the  average  speed  of  the  filiaments  of 
water  flowing  uniformly  in  the  same  direction  is  |ths  of  that  of  their  surface.  Thla 
proportion  was  ascertained  by  the  .esearches  of  Dubuat  and  De  Prony.  Navier,  more- 
over, observed  that  when  water  moved  in  straight  lines  parallel  to  the  axis  of  the  bed 
(supposed  in  this  case  also  to  be  straight),  the  mean  speed  and  the  maximum  speed  of 
the  surface  of  the  thalweg  approached  each  other  in  proportion  as  the  bed  became  less, 
and  without  any  reference  to  the  transverse  section.  If  the  vertical  depth  of  the  water 
were  very  small,  and  the  width  very  great,  he  found  that  the  mean  speed  was  0*64  of 
the  maximum,  or  surfietce  velocity.  If  both  were  very  great,  the  mean  speed 
assumed  the  proportion  of  0*41. 

locity  of  8.  It  rarely  happens  that  we  meet  with  rivers  whose  beds  fulfil  the  requisite  con- 

ditions of  being  thus  in  a  perfectly  straight  line.  For  all  practical  purposes,  then,  we 
may  adopt,  for  all  speeds  of  water  between  8  feet  to  5  feet  8  inches  per  second| 
measured  upon  the  surfi^e,  the  following  formula  as  representing  the  average  speed : 
v=)Y=0'8  V;  in  which  v^^the  mean  or  average  speed,  Y=the  speed  upon  the 
surface.  The  above  formula  gives  results  which  are  superior  to  those  we  meet  with  in 
reality,  when  our  examinations  are  made  upon  large  streams ;  for  the  Seine  ha«  an 
average  speed  in  which  o  =  0'62  Y ;  the  Neva,  i;a0'75  Y. 

s  2 
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Velocity  at 
Bottom. 


Soils  moTod. 


9.  Dubnat's  experiments  shewed  tliat  the  speed  of  the  water  at  the  bottom,  or 
immediately  upon  the  bed,  may  be  expressed  thus,  making  17= the  speed  sought, — 

U=2«-V; 

or,  supposing  V=  1-25 V,  U=0-76v,  or»=l-88  U. 

The  consideration  of  these  questions  is  of  the  utmost  importance  to  the  Engineer 
about  to  carry  into  effect  works  either  for  the  improvement  of  the  naTigation,  the 
defence  of  the  banki^  or  the  construction  of  bridges.  In  order  to  guard  against  the 
corroding  effects  of  the  current,  it  is  necessary  to  construct  the  foundations  of  tho 
works  in  such  a  manner,  and  of  such  materials,  as  are  not  likely  to  be  removed  by  it. 
It  becomes,  in  fact,  necessary  that  the  bottom  of  the  waterway  should  be  of  a  nature 
to  resist  the  power  of  the  stream  to  carry  off  the  materials  of  which  it  is  composed. 

10.  Experiments  have  shewn  that  the  different  substances  named  below  are  carried 
forward  by  waters  flowing  at  the  respective  speeds  mentioned  in  connection  with  them  : 

Bpeed  per  second. 

Eiver  mud,  liquid  earth,  kc 0    3 

Brown  pottery  clay 0    8  J 

Common  clay 0    6 

Yellow  sand,  loamy 0    8) 

Common  river  sand 10 

Gravel,  size  of  small  seeds 0    4| 

,,            of  peas 0    7| 

,,            of  beans 10) 

Coarse  ballast 2    0. 

Sea  shingle,  about  1  inch  diameter      .                         .  2    2 

Large  shingle 80 

Angular  flints,  size  of  a  hen's  egg       ....  8    8 

Broken  stones  ........  4    0      • 

,,                agglomerated,  or  soft  sdustoee  rocks       .  4    4 
Rocks,  with  distinct  layers,  *  flakey*  rocks  •        .        .60 

Hard  rocks 10    0 


Obstacles  to 
Plow 


It  may  be  observed  that  very  moderate  speed  enables  the  water  to  cany  off  the 
lighter  soils,  such  as  are  usually  found  in  the  beds  of  rivers ;  and  hence,  to  a  great 
extent,  the  frequent  changes  they  are  subject  to.  The  destructive  action  of  the 
current  is  augmented  by  the  beating  of  waves,  the  abrasion  by  floating  ice,  the 
alternations  of  wetness  and  dryness,  and  especially  by  frosts.  Aquatic  plants  protect 
the  beds  in  a  very  sensible  manner,  however,  when  the  depth  of  water  does  not 
exceed  much  more  than  6  feet. 

11.  Any  unusual  obstacle  opposed  to  a  current,  whether  naturally  or  artificially, 
acts  by  heaping  up  the  waters  on  the  up>stream  ode,  and  by  accelerating  their  speed 
on  the  down-stream  side.  If  the  bottom  be  of  a  nature  to  yield  to  this  increased 
speed,  an  excavation  is  necessarily  formed.  When  one  of  the  banks  of  a  river  yields 
to  the  action  of  the  current,  the  elbow  thus  formed  has  a  tendency  to  increase  rapidly. 
The  depth  of  the  water  augments,  and  the  currents  deposit  the  matters  th^  hold  in 
suspension  upon  the  opposite  side,  which  becomes  gradually  convex  whilst  thus 
silting  up.  The  curves  or  beds  formed  in  this  manner  advance  gradually  from  the  up- 
stream direction  to  the  down-stream. 

M.  Defontaine  observed  that  upon  the  Rhine,  a  river  with  a  bottom  of  sand  and 
gravel,  exposed  to  sudden  floods  of  remarkable  violence^  the  natural  bed  <^  the  river 
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was  not  a£fecied  by  the  formation  of  new  elbows,  when  the  radios  of  its  cmrature 
was  above  8300  feet ;  at  least  not  to  any  serious  extent.  His  experience  led  him  to 
adopt  one-half  of  that  radius  for  the  works  in  masonry  he  constmcted  to  defend  any 
advanced  parts  of  the  banks,  in  order  to  protect  them  against  the  corroding  action  of 
the  current  at  their  feet. 

ction  of  Inegu-      12.  Any  sudden  depression,  any  abrupt  projection,  either  upon  the  banks  or  even 

^es  in  the  j^^  ^j^g  bottom,  produces  a  species  of  whirlpool  and  backwater,  attributed  by  Venturi 
to  the  lateral  moyement  of  the  waters.  If  the  bottom  should  be  susceptible  of  being 
carried  away,  excavations  would  be  formed  in  some  places,  the  materials  of  which 
would  be  deposited  at  distances,  varying  of  course  according  to  circumstances.  We 
find  also  that  the  meeting  of  two  rivers,  of  the  same  volume  and  speed,  at  an  angle 
nearly  of  90**,  not  only  produces  an  oblique  final  movement  compared  with  the 
direction  of  the  primitive  current,  but  also  a  series  of  these  whirlpools. 

stion  of  Spurs.  A  spur  projecting  into  a  river  also  determines  a  backwater  both  upon  the  up- 
stream and  the  down-stream  side.  If  the  bottom  be  soft,  the  point  is  liable  to  be 
undermined  and  carried  away ;  a  silting  up  takes  place  in  the  down^stream  angle 
of  the  spur,  which  also  sometimes  takes  place  on  the  up-stream  side.  This,  how- 
ever, more  properly  belongs  to  that  portion  of  the  subject  which  treats  of  the  defence 
of  the  banks  of  rivers. 

:tion  of  Floods.  13.  Another  very  important  cause  of  peturbations  in  the  ordinary  course  or 
flow  of  rivers,  is  found  in  floods,  which,  from  their  velocity  and  the  immense  volume 
of  water  they  bring  down,  often  affect  the  bed  and  the  sides  of  rivers  in  a  dangerous 
manner.  Sir  C.  Lyell  mentions  one  flood  in  which  the  waters  attained  a  velocity  of 
no  less  than  36  feet  per  second.  Such  catastrophes  are  rare,  it  is  true;  nor  can 
all  the  science  of  the  Engineer  guard  against  their  effects.  But  such  rivers  as  the 
Rhine  are  known  to  have  risen  66  feet  in  a  single  day,  and  Engineers  may  often 
be  called  upon  to  resist  the  action  of  such  floods.  These  are  generally  charged  with  the 
maximum  of  foreign  matters  they  are  able  to  hold  in  suspension.  When  their  inten- 
sity diminishes,  or  the  speed  of  the  current  is  slackened  by  any  accidental  circum- 
stance, the  waters  deposit  gradually,  and  in  the  order  of  their  specific  gravities,  the 
substances  they  contain.  A  different  reUtion  is  thus  established  between  the  section 
of  the  river,  the  volume  of  the  water,  the  speed,  the  fall,  and  the  form  of  the  outline 
of  the  bed.  Towards  the  down-stream  portions  of  the  river,  the  section  will  be  found 
to  have  become  less  able  to  carry  o£f  another  flood ;  and  if  the  sides  resist  less  than 
the  bottom,  the  river  will  spread  out,  often  into  several  branches,  which,  in  the  dry 
seasons,  will  not  present  a  sufficient  depth  of  water. 

jtnka  at  Mouths      14.  In  the  lower  portions  of  a  river,  where  it  (bMb  into  the  sea,  there  are  other 
^^^*'  causes  for  the  silting  up  of  the  channel  in  addition  to  those  already  mentioned.     Thus 

the  sea-waters  carry  up  with  the  tides  shingle,  sand,  or  mud,  according  to  the  pre- 
vailing winds,  or  the  agitation  of  the  sea  acting  upon  the  rocks  formiug  the  coast. 
These  matters,  as  well  as  the  alluvium  of  the  fresh  water  of  the  upper  countries,  are 
deposited  when  the  speed  of  the  currents  is  arrested  by  slack  tides  ;  and  it  is  thus 
that  in  such  rivera  as  the  Thames,  the  Seine,  the  Loire,  the  Rhdne,  the  Rhine,  or  the 
Fo,  the  channel  of  the  embouchure  continually  shifts  about  amongst  the  numerous 
banks.  It  is  now  held  that  in  many  positions  the  alluvial  matters  brought  in  firom 
the  sea  exceed  in  volume  those  brought  down  from  the  uplands  ;  so  that  there  is  a 
natural  tendency  in  all  embouchures  so  circumstanced  to  silt  up.  The  Seine,  Rhine, 
Thames,  Orwell,  Humber,  &c.,  are  supposed  to  be  thus  circumstanced. 

lisingof  Bed.  15.  The  natural  tendency  of  rivers  to  raise  their  beds  by  the  gradual  deposition  of 
the  matters  they  contain  in  suspension  also  of  necessity  raises  the  mean  level  of 
their  usual  flow,  and  requires  that  their  embankments  should  also  be  raised  in  the 
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same  proportion.  The  banks  of  the  Po  in  this  manner  haye  been  gradually  raised 
until  they  are  from  40  to  45  feet  aboTe  the  surrounding  eountry.  Notwithstanding 
all  the  precautions  taken  to  preserve  them,  they  must  inevitably  yield,  sooner  or 
later,  to  the  action  of  the  stream  ;  which  will  create  for  itself  a  new  course  to  the 
Mediterranean,  to  be  in  its  tarn  silted  up  and  abandoned,  like  its  predecessors.  Such 
deviations  in  the  bed  of  the  Po  are  fetr  from  rare,  even  in  historical  periods ;  and 
similar  causes  appear  to  produce  analogous  results  at  the  embouchures  of  such  rivers 
as  the  Ganges  or  the  Mississippi. 

16.  In  addition  to  the  multitude  of  these  causes  which  tend  to  modify  the  beds  of 
water-courses,  we  may  observe  that,  especially  in  rivers  which  flow  over  gravel  or 
sand,  instead  of  following  an  uniform  law  in  the  diminution  of  the  fall  and  the  speed 
from  their  source  to  the  sea,  there  are  alternately  zones  of  still  water,  in  which  the 
speed  is  hardly  perceptible,  and  in  which  there  is  a  great  comparative  depth  of  water  ; 
or  2ndly,  there  are  rapids  or  shallows,  generally  placed  near  the  bends  of  the  rivers, 
where  the  inclination  of  the  bed,  and  the  speed  of  the  current,  are  considerable,  and 
where  there  is  but  a  small  quantity  of  water.  These  shallows  form,  in  £ict,  natural 
barrages,  which  raise  the  plane  of  the  waters  in  the  direction  of  the  up-stream.  In 
some  cases  they  are  occasioned  by  projecting  portions  of  rock,  which  have  given  rise  to 
the  formation  of  banks  in  the  channels. 

17.  M.  de  Pretty's  formula  for  ascertuning  the  rolume  of  water  in  a  river, 

V  =  V0'005168  +  3233-428B1  — 007185,  or  more  simply  v  =  56-86  V^— 0*072, 
may  serve  in  gauging  any  stream,  provided  we  can  find  a  portion  of  its  length,  at 
least  400  yards  in  extent,  in  which  the  section  is  constant  and  the  inclination  uniform. 
A  transverse  profile  gives  the  section  of  the  water,  and  the  outline  of  the  water 
edge  of  the  bottom  and  sides,  the  '  perimdtre.'  From  these  elements  we  can  easily 
ascertain  the  mean  radius  of  the  perimdtre  R.  The  fall  upon  the  line  of  the  axis  is 
expressed  by  I.  Substituting  the  values  of  R,  I,  and  v,  obtained  from  actual  obser- 
vation, we  arrive  at  the  volume  discharged.  In  all  these  formuln^  unless  especially 
mentioned  to  the  contrary,  v  represents  the  mean  Telocity  of  the  current. 

Another  method  of  gauging  a  river  is  to  determine  simply  the  maximum  speed  at 
the  surface.  This  is  ascertained  by  a  series  of  observations  to  be  frequently  repeated 
upon  floats  thrown  into  the  stream,  and  allowed  to  travel  as  far  as  ix>ssible  in  the  part 
of  the  river  where  the  ourrent  is  most  regular.  The  mean  speed  of  the  surface  thus 
obtained  multiplied  by  O'S  gives  the  average  speed  of  the  whole  volume.  The 
average  section  is  then  taken  from  as  many  profiles  as  possible,  and  the  mean  speed 
of  the  whole  volume  multiplied  by  the  surface  thus  found  gives  the  average  discharge. 
This  means  of  ascertaining  the  discharge  is  only  approximative ;  it  is  therefore 
advisable  to  establish  the  results  upon  as  great  a  number  of  carefully-noted  obser- 
vations as  possible. 

18.  Rivers  may  be  divided  into  two  classes,  viz.  navigable  or  floatable,  according  to 
their  adaptation  to  the  wants  of  commerce. 

A  river  is  said  to  be  '  floatable  *  when  rafts  of  fire-wood  or  of  lumber  can  habitually 
mee%  with  a  sufficient  depth  of  water,  and  a  sufficient  width  of  section,  to  descend 
either  by  the  natural  course  of  the  river,  or  by  retaining  the  waters  in  artifidal  basins, 
from  which  they  are  allowed  to  escape  at  regular  intervals.  In  England  we  rarely 
have  occasion  to  use  rivers  in  this  manner ;  our  timber-forests  are  so  few,  and  so 
peculiarly  situated,  as  not  to  require  the  imperfect  navigation  in  question ;  but  in  our 
Colonies  it  would  doubtlessly  be  often  advisable  to  direct  attention  to  rendering  the 
mountain  streams  useful  by  regulating  their  flow.  An  excellent  example  of  the 
manner  in  which  a  shallow  irregular  river  has  been  made  to  render  service  to  the  kind 
of  navigation  under  consideration,  is  to  be  found  in  the  Tonne,  above  Auxerre. 
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imi  and  '^'  ^  Kii^B  of  ^'"'^  <>  thrown  4crou  the  rinr,  irhieti  ke«pa  np  th«  nUn  in  ■ 

aJcMlMflot-    Duumar  fbrmiiig  a  set  of  locks  of  itill  wslei,  in  irhlob  tht  trunc  of  wood  Me  fbrm»il, 

and  floated  to  the  iloieei  placed  in  the  dam>.     The  elniocs  ars  opened  in  proportion 

to  the  nippl?  of  vater. 


The  ■loicet  are  moitl)'  fonued  of  laaail  blades  of  wood,  alwut  9  feet  long  by  2  inches 
wide  and  2}  laches  deep.  The;  fit  agunst  a  grooTG  in  the  bottom  sill  of  tlie  wftter- 
waj,  and  againat  a  locking  bar  irhicb  torus  oa  a  pivot  When  it  ia  deured  to  nae 
them,  the  lock  men  draw  the  ban  one  after  another,  and  torn  the  locking  bar  aaide, 
whioh  operation  ia  effected  in  leaa  than  eight  minntcs,  proTided  the  opening  doe*  not 
exceed  26  or  27  feet.  The  width  of  these  sloices  i«  made  from  1  foot  i  ina.  to  2  feet 
mne  than  Uiat  of  the  trains  or  barges  to  bo  passed ;  and  the  vails  shoold  spUj  ont 
immediatelj  aboTe  and  bebw  the  passage,  with  an  ealacade  to  defend  the  entrj. 
These  sloices  hare  falls  vaiTing  from  2  to  4  feet,  but  the  latter  is  dangerous ;  their 
floon  in  the  passages  should  be  from  28  to  3  4  feet  long.  It  is  essential  to  obaerre 
that  bath  the  floor,  and  the  walls  in  prolongation,  require  to  be  dofboded  bj  piles  and 
sheeting  piles ;  for  the  opening  of  the  slnice  iDioriabl;  causes  a  cataract. 


20.  The  best  position  for  the  sluice  is  in  the  centre  of  the  dam,  as  far  BS  the 
preserration  of  the  works  ia  concerned  ;  bnt  for  the  porposes  of  narigation  it  ia 
desirable  to  bring  it  as  oloae  as  possible  to  the  (owing-path.  The  waterway  should 
b«  contracted  also  for  a  dlstaoce  of  fi-om  350  to  EOO  feet  beyond  tJie  end  of  the  floor. 
If  it  be  necessarj  to  combine  a  lock  with  the  sluice,  a  circumstance  very  Lkely  to 
arise  when  the  river,  after  receiving  several  nffiuents,  begins  to  acquire  a  considerable 
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volanie,  the  lock  most  be  placed  in  still  water  on  the  opposite  bank  to  the  slnioe. 
This  last  must  be  at  the  head  of  the  chamber  upon  the  upside  of  the  lock,  whieh  it  is 
desirable  to  place  at  a  distance  of  about  80  feet  from  the  end  of  the  dam.  Care  must 
be  taken  to  protect  the  side  and  tail  walls  of  the  lock  frt>m  the  cataract  produced  hj 
the  sluice.* 

It  is  to  be  obserTcd  that  dams  across  a  river  a£fect  its  level  to  distances  considerably 
beyond  the  point  where  the  line  of  their  crown  meets  the  line  of  the  natural  flow  of 
the  water.     They  appear,  by  retarding  the  velocity  of  the  current,  to  heap  up  the 
waters  onormally  in  a  proportion  which  augments  with  the  rapidity  of  the  flow, 
avigablo  21.  A  river  is  said  to  be  navigable  either  by  means  of  sails,  by  the  use  of  oars, 

^^^'*'  or  by  towing.     Navigation  may  take  place  either  upwards  or  downwards  ;  but  in 

either  case  the  river  should  offer  sufficient  width  and  depth  of  water  for  the  move- 
ment of  boats.  There  is,  however,  a  limit  of  velocity  in  the  current  beyond  which 
there  is  danger  for  the  descending  navigation,  and  excessive  expenditure  of  power  for 
the  ascending. 

Navigation  by  sails  can  rarely  be  practised  in  rivers,  owing  to  their  want  of  width 
and  depth,  their  windings,  and  to  the  fact  of  their  being  usually  enclosed  in  deep 
valleys.  Towards  the  mouths  of  the  rivers  these  onfavourable  conditions  disappear, 
and  we  find  that  in  such  rivers  as  the  Thames  below  the  bridges, — the  Seine  between 
fiouen  and  Havre, — the  Loire  between  Nantes  and  the  sea, — the  Garonne  between 
Bordeaux  and  the  sea, — navigation  by  means  of  sails  takes  place  under  tolerably 
favourable  conditions. 

The  force  of  the  wind,  even  when  fitvourable,  is  rarely  employed  in  ascending 
rivers,  unless  the  speed  be  below  that  produced  by  a  fidl  of  at  most  3  in  10,000,  with 
a  feeble  width  and  a  comparatively  great  depth  of  water. 

22.  The  utmost  limit  of  the  fall  of  the  bed  of  a  river  at  which  it  was  formeriy  con- 
sidered safe  to  descend,  or  economically  possible  to  ascend,  was  when  it  attained  from 

5  to  6  in  10,000.  The  progress  of  mechanical  invention  has,  however,  modified  the 
practice  of  commerce  in  these  matters  ;  and  at  the  present  day  the  Rh6ne,  which  has 
a  fall  of  from  7  to  8  in  10,000,  is  navigated  with  advantage.  The  River  Lys  in 
Belgium,  upon  a  certain  portion  of  its  length,  has  a  fiJl  of  about  5  in  10,000,  in  the 
district  where  the  navigation  is  very  active.  It  is  supposed  that  in  this  case  the 
aquatic  plants,  which  it  is  forbidden  to  cut,  act  so  as  to  retard  the  force  of  the  current. 

The  boats  used  in  commerce  for  River  Navigation  are  of  variable  widths,  from 

6  feet  6  inches  wide  to  23  feet  upon  large  rivers  ;  with  a  draught  of  water  varying 
from  2  feet  to  6  feet  6  inches  when  loaded.  Their  length  is  of  course  regulated  by 
the  sinuosities  of  the  channels  and  the  width  of  the  waterways,  and  it  is  often  carried 
as  fjEir  as  twelve  times  the  breadth.  On  some  of  the  continental  rivers  it  is  very 
common  to  see  barges  233  feet  long  by  23  feet  wide,  drawing  6  feet  6  inches  of  water, 
and  able  to  carry  500  tons.  Such  enormous  vessels  are  not  in  use  in  our  own  country, 
for  the  flow  of  the  tides  upon  our  coast  usually  runs  so  £eur  inland  as  to  obviate  the 
necessity  for  transhipment  immediately  upon  the  sea-board,  under  which  circumstances 
the  large  barges  in  question  are  the  most  economical.  It  were  desirable,  however, 
that  the  barges  to  be  employed  on  our  East  Indian  rivers  were  constructed  somewhat 
upon  the  models  of  those  used  upon  the  Lower  Seine,  or  upon  the  Loire. 

23.  We  see  thus  that  a  river  may  be  navigable  by  different  means,  aocordiDg  to 
the  way  in  which  we  consider  it ;  that  is  to  say,  whether  in  the  ascending  or  descend- 
ing  direction,  the  draught  or  the  tonnage  of  the  boats  employed,  or  the  total  length 

*  Tlie  minimum  width  of  a  floatable  river  is  13  feet ;  its  minimum  depth  at  the  moment  of 
flashing  shotild  be  1  foot  8  inches. 
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of  time  in  the  year  during  which  it  is  narigable.  In  the  latter  case,  it  often  becomes 
necessary  to  make  a  deduction  for  the  low,  or  for  the  flood,  waters.  The  first  do  not 
leare  a  sufficient  depth  of  water  for  the  boats  to  be  able  to  travel ;  the  latter  often 
give  rise  to  such  yelocities  of  the  currents  as  to  render  it  dangerous  to  navigate 
the  rivers. 

24.  The  movement  of  boats  upon  rivers  is  effected  in  the  direction  of  the  ascent, 
either  by  the  oar,  by  towing,  by  animal  force  or  by  steam  power  applied  in  various 
ways, 
ilffort  of  Trac-  A  horse  is  supposed  to  be  able  to  exert  upon  a  good  Macadamized  road  a  force  of 

traction  equal  to  twenty  times  the  muscular  effort  employed.  This  is  assumed  to  be 
equal  to  one  hundred  weight,  so  that  his  load  on  a  road  of  this  kind,  while  moving  at 
the  rate  of  about  a  yard  per  second,  is  one  ton. 

On  a  paved  road  the  load  becomes  one  ton  and  a  quarter. 
On  a  railway  it  is  about  ten  tons. 
Whilst  in  still  water  it  is  sixty  tons. 

On  the  Meuse,  the  power  of  a  horse  drawing  against  the  stream,  flowing  at  the 
rate  of  about  3  feet  per  second,  with  a  depth  of  water  of  3  feet  i  inches,  and  a  dis- 
charge of  1225  feet  cube  per  second,  was  found  to  be  equal  to  25  tons  when  moving  at^ 
the  rate  of  two  miles  an  hour. 

Experiments  made  on  the  canals  of  the  North  of  France,  in  still  water,  shew  thai 
the  resistance  is  about  0*0006  of  the  load,  when  the  rate  of  movement  is  3  feet 
4  inches  per  second.  On  the  canal  of  GKvors,  where  men  haul  at  the  rate  of  1  foot, 
per  second,  the  resistance  is  only  0*00014  of  the  load.* 

25.  Formerly  it  was  considered  that  the  resistance  increased  in  the  ratio  of  the 
square  of  the  velocity  ;  but  Ifr.  Scott  RusselFs  experiments  upon  the  Caledonian  Canal 
appear  to  shew  that  this  law  does  not  hold  good  when  the  velocities  exceed  from  10 
to  13  feet  per  second.  The  explanation  of  this  apparent  anomaly  is  usually  found  in 
the  facts, — ^that  in  great  speeds  the  surface  exposed  to  the  resistance  of  the  water  was 
diminished, — that  a  void  was  formed  at  the  after- part  of  the  moving  body,  and  that 
the  velocity  of  the  water  rushing  back  to  fill  this  void  was  less  than  the  speed  attained 
by  the  hauling.  Mr.  Russell  also  noticed  that  the  water  was  heaped  up  in  the  form 
of  waves  in  front  of  the  boat,  and  that  these  waves  carried  it,  in  fact,  over  passes 
where  there  would  not  have  been,  otherwise,  a  sufficient  depth  of  water. 

The  laws  thus  discovered,  without,  however,  our  having  obtained  any  satisfactory 

'  explanation  of  them,  were  endeavoured  to  be  applied  both  in  England  and  France. 

The  success  of  their  commercial  application  has  been  hitherto  very  equivocal,  for  the 

backwater  and  the  beating  of  the  waves  upon  the  banks  necessitated  the  paving  of 


*  Tbe  effort  necessary  to  draw  a  boat  for  an  indefinite  length  through  still  water  is  repre* 

sented  by  the  formula 

A  V« 
F=K^-^;  in  which 

F  is  the  force  of  traction  represented  in  tons. 

A  is  the  greatest  width  of  the  sunk  surface. 

V  is  the  speed  of  the  boat  x>er  second. 

K  is  a  coefficient,  varying  with  the  form  of  the  boat. 

g  is  the  accelerating  force  of  gravity. 

The  coefficient  K  may  range  firom  I'lO  to  012,  according  to  tho  sharpness  of  the  bows  of  the 
boat,  or  the  presence  or  absence  of  a  poop.  In  a  canal,  inasmuch  as  the  section  of  the  boat  is 
greater  in  proportion  to  that  of  the  water  surface,  the  relative  velocity  of  the  current  on  each 
side  of  the  boat  is  increased,  and  consequently  the  motive  power  requires  to  be  augmented  in 
the  same  proportion. 
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the  latter  by  dry  pitching,  at  least  wherever  the  level  of  the  waters  was  displaoed  by 
the  moTement  of  the  boats.     It  also  became  necessary  to  macadamize  the  towing- 
path,  to  allow  the  horses  to  travel  at  the  requisite  speeds.     This  question  will^  how- 
ever, be  treated  more  in  detail  under  the  head  of  Canal  Navigation. 
Position  of  26.  In  River  Navigation,  the  towing-path  shoold  be  placed  on  the  side  where  the 

Towing-path.  water  is  the  deepest,  and  immediately  upon  the  banks  of  the  river ;  in  order  that, 
firstly,  there  may  be  as  few  impediments  to  the  passage  of  the  cords  as  possible ;  and 
secondly,  that  the  direction  of  the  haulage  be  not  too  oblique. 

It  is  also  desirable  to  place  the  towing-path  under  the  prevailing  wind,  in  order  to 
iliTninUh  as  much  as  possible  any  action  it  might  have  in  retarding  the  progress  of 
the  boat     The  best  width  for  a  towing-path  appears  to  be  about  13  feet. 

Independently  of  the  towing-path,  it  is  necessary  to  have  mooring-poets  on  the 
opposite  side  of  the  river ;  and  occasionally  it  is  necessary  to  haul  on  both  sides  of  the 
river,  to  maintain  a  boat  in  the  navigable  channel.  It  becomes  then  indispensable  to 
have  a  kind  of  secondary  towing-path  on  the  opposite  side,  which,  however,  need  only 
be  6  feet  6  inches  wide  on  the  crown.  Both  these  paths  must  be  maintained  at  suffi- 
cient heights  to  keep  them  above  the  water  so  long  as  the  navigation  can  be  carried 
on  with  safety.  When  that  would  be  accompanied  with  danger,  it  is  rather  desirable 
that  the  paths  should  be  overflowed,  so  as  to  force  the  boatmen  (always  reckless)  to 
suspend  their  operations. 

27.  In  the  construction  of  Bridges,  it  is  desirable  that  the  towing-path  should  pass 
under  the  land  arches  in  such  a  way  as  not  to  render  it  necessary  to  detach  the  tow- 
rope.  But  in  order  to  e£fect  this,  it  is  indispensable  that  the  navigable  channel 
should  be  near  to  the  towing-path.  Should  this  not  be  the  case,  it  becomes  necessary 
to  let  in  rings,  or  to  drive  in  mooring-poets,  or  to  place  buoys  at  the  opening  of  the 
arches,  to  hsten  the  boats  to  whilst  the  tow-rope  is  being  passed  through  the  bridge. 

Any  secondary  streams  intercepting  the  line  of  the  towing-path  must  be  bridged 
over  in  such  a  way  as  to  offer  no  obstacle  to  the  tow-line. 

Worhfor  the  PreservcUion  of  the  Banht  and  of  the  Bed  of  Rivers. 

28.  These  are  of  two  descriptions  :  sometimes  they  are  intended  to  preserve  the 
neighbouring  lands  from  the  corrosions  of  the  stream  ;  sometimes  for  the  purpose  of 
maintaining  the  latter  in  its  proper  direction,  and  at  a  regular  distance  firom  the 
towing-paths.  The  dredging  works  reiiuired  for  the  purpose  of  clearing  the  alluvial 
deposits  may  be  included  in  this  category. 

In  rivers  which  run  with  great  velocity,  such  as  the  Rhine,  the  Rhone,  and  the 
Dordogne,  these  works  are  of  the  very  highest  national  importance.  In  some  cases 
the  rivers  run  between  the  territories  of  nations  often  at  war  with  each  other,  as  in  the 
case  of  the  Rhine ;  at  others  they  traverse  consecutively  several  states,  as  the  Danube 
or  the  Po.  The  lower  Rhine,  whose  floods  formerly  spread  themselves  over  nearly 
the  whole  width  of  the  valley  in  which  it  flows,  has  been  gradually  confined  within 
its  present  bed  by  a  series  of  embaiUuuents  about  10  feet  wide  on  the  crown,  which 
are  disposed  occasionally  in  several  nearly  parallel  lines  ;  so  that  if  one  embankment 
gave  way,  its  ruin  would  only  affect  the  portion  of  land  it  immediately  protected. 
The  banks  of  the  Loire,  between  Orleans  and  Angers,  answer  the  same  purpose; 
although,  from  the  fact  of  their  being  only  single,  same  serious  devastations  have 
resulted  from  their  rupture. 

The  overflowing  of  the  freshets  of  such  rivers  as  the  Rhine,  the  Rh6ne,  and  the 
Loire  in  France,  and  of  the  Amo  and  Po  in  Italy,  of  the  Nile  in  Egypt,  have  produced 
the  following  result :  viz.  that  the  zones  in  the  immediate  proximity  to  the  river  are 
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generally  more  elerated  than  those  which  are  fiurther  remored  and  upon  the  ertreme 
edge  of  the  valley.  This  is  to  be  acconnted  for  by  the  fact  that  the  great  floods  deposit 
near  to  their  banks  the  heaviest  and  most  Tolnminous  matters  they  hold  in  suspension, 
and  that  they  are  far  less  loaded  when  they  spread  out  over  the  plain.  From  this 
cause  marshes  are  eventually  formed ;  because  the  rain  and  spring  water,  being  unable 
to  flow  into  the  river  channels,  remain  upon  the  surface  of  the  land. 

29.  One  of  the  cheapest,  and  at  the  same  time  it  is  one  of  the  most  effectual 
methods  of  protecting  the  bed  of  a  river,  is  by  means  of  planting  aquatic  trees, 
such  as  the  willow,  &c.,  on  both  its  banks.  The  roots  of  these  trees  spread  very 
rapidly,  and  in  themselves  form  the  first  defence  of  the  bed  of  the  river,  as  also  of 
the  banks.  At  the  same  time,  inasmuch  as  they  retain  the  mud  which  may  be  in  sua- 
pension,  they  serve  also  gradually  to  raise  those  parts  where  they  are  planted.  It  is, 
however,  necessary  to  execute  such  plantations  on  both  sides  at  once ;  otherwise  the 
defence  of  one  side  will  but  serve  to  increase  the  force  with  which  the  waters  attack 
Uie  other. 
Bctifl«tion  of  A  very  remarkable  work  of  this  description,  which,  it  may  be  added,  has  been 
attended  with  signal  success,  was  that  executed  for  the  purpose  of  rectifying  and 
regulating  the  bed  of  the  Midouze,  between  the  Fort  de  Marsan  and  its  embouchut^ 
in  the  Adour,  for  a  distance  between  25  and  26  mUes.  The  width  of  the  pass  created 
varied  between  71  feet  and  91  feet ;  the  variations  in  the  width  being  equally,  or 
nearly  equally,  divided  into  four  parts ;  and  Uie  Umits  of  the  new  bed  of  the  river 
were  comprised  between  two  concentric  curves. 

The  original  bed  of  the  river  was  very  wide  and  irregular,  being  formed  in  the 
midst  of  movable  sand-banks,  through  which  the  waters]  found  a  channel  shifting 
almost  at  the  caprice  of  every  wind.  The  waters  of  the  Midouze,  even  in  their 
normal  state,  carried  down  great  quantities  of  mud  and  sand.  The  system  adopted 
was,  to  form  spurs  in  a  kind  of  wattling,  which  were  connected  at  one  end  with  the 
bank,  and  at  the  other  projected  into  the  stream  as  fiskr  as  the  line  of  the  intended 
new  channel.  These  spurs  were  inclined  at  an  angle  of  ^  of  that  formed  by  the  line 
of  the  current  with  the  axis  of  the  new  bed. 

The  spurs  were  placed  at  distances  of  183  feet  apart,  and  exactly  oppottte  to  each 
other  when  they  were  to  be  fixed  to  the  banks  on  both  sides.  They  terminated 
towards  the  stream  by  returns  in  the  shape  of  the  letter  T,  each  of  whose  branches 
was  about  17  feet  long. 

The  spun  were  formed  of  pickets,  placed  1  foot  8  inches  from  centre  to  centre. 
These  pickets  were  of  willow,  of  from  3|  inches  to  5  inches  diameter ;  they  were 
driven  at  least  4  feet  6  inches  into  the  ground,  leaving  1  foot  clear  above  the  level 
of  the  ordinary  low  water.  Between  these  pickets,  a  wattling  of  8  feet  4  inches 
mean  height  was  executed  with  branches  of  willow  between  7  feet  and  10  feet  in 
length,  and  about  1  inch  in  diameter.  They  were  kept  in  their  places  in  the  upper 
part,  so  as  to  prevent  their  rising  during  floods,  by  means  of  oak  plugs  driven  through 
the  heads  of  the  pickets.  Long  poles,  about  10  feet  in  height,  were  placed  on  the 
opposite  side  to  the  towing-path,  to  indicate  the  waterway. 

Independently  of  these  main  spurs  attached  to  the  banks,  two  minor  spurs,  about 
42  feet  4  inches  from  centre  to  centre,  with  returns  measuring  33  feet  over  both 
branches,  were  inserted  between  the  mun  spurs.  The  object  of  their  insertion  was  to 
facilitate  the  deposition  of  the  mud  and  sand,  and  thus  prevent  the  backwater  from 
overthrowing  the  main  spurs. 

The  minor  spurs  were  composed  of  young  trees  of  from  4  to  6  inches  diameter  ;  the 
length  of  the  trees  and  their  branches  was  not  less  than  10  feet ;  the  diameter  of  the 
branches  5  feet.    They  were  sunk  in  such  a  manner  as  to  present  their  trunks 
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constantly  towards  the  pass,  so  as  to  direct  the  currents  towards  the  new  channel. 
Their  direction  was  the  same  as  that  of  the  main  spnrs,  that  is  to  say,  at  an  angle  of 
^  of  the  one  formed  by  the  axis  of  the  rirer,  or  new  bed,  with  the  current.  The 
trees  were  fixed  at  distances  of  10  feet  apart.  Strong  pickets  were  driren  in  through 
the  branches,  so  as  to  form  an  additional  tie,  to  which  the  trunk  of  the  next  tree  was 
attached.  Of  course  the  pickets  followed  the  inclination  of  the  first  range  of  trees, 
and  strong  oak  pegs  were  applied  to  preyent  the  branches  from  rising  too  far  on  the 
occasion  of  floods. 

30.  A  pass,  or  waterway,  was  dredged  between  the  main  spurs  above  described,  to 
a  depth  of  at  least  1  foot  below  the  lowest  summer  waters,  and  all  the  sand  or  mud 
thus  extracted  was  thrown  between  the  different  spurs  in  such  a  manner  as  to  add  to 
their  stability. 

As  soon  as  an  artificial  bank  was  thus  formed  by  means  of  the  excayations  of  the 
pass,  and  the  gradual  deposition  of  the  matters  in  suspension  in  the  waters  of  the 
riyer,  moans  were  adopted  to  defend  it  by  plantations  consisting  of  slips  of  willow, 
osier,  poplar,  or  other  aquatic  trees,  placed  at  distances  of  6  feet  6  inches  apart,  and 
inclined  so  as  to  break  any  current  which  might  be  formed  beyond  the  regular  pass. 
Heath  and  grasses  were  planted  between  these  in  such  quantities  that  1  £b.  of  seed 
was  used  per  acre.  The  slips  of  all  the  trees,  except  the  osiers,  stood  about  6  feet 
from  the  ground  ;  these  last  only  stood  up  about  8  inches. 

This  method  of  forming  the  bed  of  the  Midouze  succeeded  remarkably  well,  and 
was  carried  into  effect  at  comparatively  trifling  expense.  In  many  of  our  Colonies  a 
similar  system  might  probably  be  advantageously  adopted.  A  detailed  account  of  this 
work  will  be  found  in  the  *  Annales  des  Fonts  et  Chauss^  *  for  the  year  1831. 

31.  The  effects  of  the  action  of  running  water  upon  different  beds  are,  however,  so 
various,  that  what  is  highly  successful  in  one  case  becomes  utterly  ine£foctual  in 
another.  For  instance,  in  the  Loire,  transverse  spurs,  even  when  executed  in  solid 
masonry,  fixed  to  one  bank  and  advancing  fax  into  the  stream,  produce  very  uncertain 
effects  upon  the  width  of  the  waterway.  The  excavations  they  form  on  one  ude  are, 
in  fact,  very  often  accompanied  by  silting  up  on  the  other,  or  at  points  a  little  lower 
down  the  stream  on  the  side  attacked,  so  that  the  bed  they  create  is  very  irregular 
and  unequal.  Indeed,  as  a  general  rule,  it  may  be  said  that  the  only  certain  mode  of 
deepening  the  bed  of  a  river  is  by  the  establishment  of  longitudinal  enbankments 
either  submersible  or  not, ^-continuous,  or  with  small  openings,  to  allow  the  passage 
of  flood- waters,  according  to  the  local  peculiarities  of  the  river  to  be  acted  upon.  A 
knowledge  of  the  modifications  to  be  introduced  in  the  application  of  these  general 
rules  constitutes,  in  fact,  nearly  the  whole  merit  of  an  Engineer. 

82.  Continuous  banks  are  executed  in  many  different  ways,  according  to  the  nature 
of  the  soil,  the  course  of  the  river,  and,  above  all,  according  to  the  nature  of  the 
materials  to  be  met  with  the  most  readily,  and  at  the  cheapest  rate.  On  the  Con- 
tinent they  are  executed  sometimes  in  rough  blocks  of  stone  or  concrete  ;  of  fitfdnes, 
or  of  panniers  in  osier,  filled  in  with  gravel  or  rubble -stone ;  or  lastly,  by  a  com- 
bination  of  the  above  methods,  which  answers  very  well  for  the  immersed  parts  of  the 
bank,  when  the  portions  out  of  water  are  dressed  off  to  a  regular  slope,  and  planted, 
or  paved  with  a  dry  stone  pitching,  laid  in  either  regular  or  irregular  courses. 
Embankment  On  the  banks  of  the  Loire  the  slopes  are  protected  by  means  of  stone  pitching, 

which  is  remarkable  for  the  perfection  of  its  execution  and  its  comparatively  feeble 
thickness.  They  are  generaUy  inclined  in  the  proportion  of  1 }  of  base  to  1  in  height. 
A  bed  of  gravel  is  placed  behind  them,  and  the  foundations  are  merely  formed  by  an 
excavation  or  trough  dug  in  the  sand  below  the  level  of  the  mean  summer  waters, 
subsequently  filled  in  with  rough  rubble  masonry.     At  times,  however,  it  has  been 
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0  introdnee  gangs-pilts  vith  loDgitadiital  walea,  as  shewn  in  figs.  8 


nmber  WitUs. 


larger  lala. 


OMOuonall;  alxi  (he  inclimktioD  of  the  slopes  is  inareaBod  to  2  of  Imuw  (o  1  in  height. 
The  thickness  at  the  top  is  made  betveen  8  inchea  uid  1  foot.  The  angmentation  Id 
the  thlckneis  is  Dsiiall;  about  3  inehea  for  ererj  3  feet  4  Inches  in  height. 

S3.  A  timber  walling  often  enfBces  for  the  prolecUoa  of  a  bank  of  a  titer,  asd 
aflbrda  means  of  diminishing  the  width  of  the  atream.  An  example  ma;  be  taken 
from  the  artificial  channel  made  in  the  Fort  of  Lorient.     Bat  it  ma;  be  ofawrred  that 


Fig.t. 


Fig.  S. 


the  gauge-piles  in  anch  works  require  to  he  driven  to  Teiy  eonsideiable  depths ;  and 
that  if  the  waters  haTe  what  ia  teehaiesll;  called  an;  bcoot,  the  solidit;  of  Utoka  thus 
made  is  more  than  qnestionahle. 
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id  Bntfliu         84.  Oq  Ihe  banlu  of  th«  SMna  uiil  in  Holluid,  ths  tigh  priea  of  none,  oomblned 
irith  the  nnlmutod  lapplj  of  griTel  and  ■qnatic  troea,  hare  led  tha  Fiench,  Qermas, 


Illiad  Bfiteni  mad  dd  tho  Rhiiw. 

and  Dutch  eiigiae«rs  to  mbrtitnU  either  a  mixed  if  rtem  of  &idnes  pared  vith  iloDe, 
or  That  Uie;  call  '  taaBges,'  iiisUad  of  the  iTstem  emplojed  in  th«  oonntries  vhere 


•tone  iB  abnndant.     Worki  for  the  def^noe  of  tbe  lnnW,  or  for  Uia  ti 

the  witemj,  ezNnted  ia  thi«  maniwr,  do  not,  it  ia  trmg,  tort  -nxj  kng ;  bat  their 
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rdfttiTe  doiatiou  i«  mSoignt  in  Tireri  carrying  mncli  nupended  mittei ;  for  th«j  girt 
riw  to  depoatiooB  Thich  erentiullf  Hire  to  effect  (he  object  intended  in  a  more  per- 
maneut  wtij. 

35.  Tbe  toiugeB  upon  the  ^biDS  cooajst,  in  the  portloiu  eubmeiged^below  the 
lerel  of  the  lav  nuumer  valeis,  ia  floating  UyerB  of  fudnea,  vhluh  \an  final;  fixed 
in  the  bank,  and  Bonk  by  being  loaded  with  gravel  oc  mbble-Etone.  Thoe  layen  of 
bidneE  are  bstened,  eiUier  to  tbe  bed  of  the  riTer,  or  to  the  Eutgacent  layen,  bf 
neani  of  strong  pickets.  The  work  is  so  divided  that  the  beda  of  ftaelaea  flMt  at 
their  eitremit;  (OTards  tbe  river,  go  as  to  leave  laotbingi,  in  case  it  eboold  become 
neMasar;  to  advance  the  vork  fnrther  into  the  vatenraj  or  Uialveg.  The  flexibility 
of  this  kind  of  carpet  also  enables  it  to  adapt  itself  with  more  ladlitj  to  the  different 
fonns  of  the  bed.  Qreat  rapidity  of  execution  is  neoeasaiy  whenever  the  tnnages 
are  used,  in  order  to  avoid  the  dangerous  effect*  of  the  scour  of  the  waters  aada  tbe 
floating  eitremiUeB  of  the  &scines. 

In  Holland,  when  Uie  banks  of  a  river  are  attacked  by  the  current,  immense  plat- 
forms are  constmcted  of  sacb  tonagea,  wliich  are  floated  to  the  podtions  they  are 
inteoded  to  occnpy,  and  there  sunk,  Snch  a  mode  of  prooeeding  is  practicable  in  a 
country  There  the  waters  may  all  be  said  to  be  slug^sh,  but  when  the  eorrent  attains 
an;  degree  of  velocity,  it  ceases  to  be  of  ta;  practical  use. 

3fl.  The  original  banks  of  a  rivei,  or  any  embankment  formed  for  the  contraction 
Rg-IO, 


Clayonnap!  nwd  In  Qolisnd,  and  Dpon  the  Bank*  of  Uio  Rblni  In  Prance  and  □emiBiQ'. 
If  its  channel,  are  sometimes  defended   by  what  are  called   ■  clayonnagcs.'    This 
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method  coiuistB  in  corering  the  inriaee  to  be  protected  bj  fiueines  Uid  tnuasrendj  io 
the  'direction  cf  the  current  in  three  or  fonr  rowv.  Strong  pickets  are  driTen  thxoogh 
them,  and  are  alloved  to  project  about  18  inehea  abore  the  top.  Withes  are  then 
paaMd  oyer  the  projecting  heads  of  the  ^keti^  and  lerre  to  form  a  kind  of  firame« 
work  on  which  itones  and  grayel  are  hud,  to  maintain  the  fitfdnes  in  place,  and  to 
stop  any  matters  which  may  be  in  suspension  in  the  waters.  The  durability  of  such 
works  is  not  great,  nor  should  they  be  resorted  to  in  positions  where  stone  defence- 
walls  can  be  erected  with  due  regard  to  economy. 

87.  In  our  own  country  the  use  of  fascines  is  almost  exclusively  confined  to  the 
Corps  of  Soyal  Engineers.  The  usually  adopted  systems  of  protecting  the  banks  of 
riTers  are  limited  to  modifications  of  dry  stone  walling  or  of  timber  rcTetments.  On 
the  banks  of  the  Thames  some  very  extensive  works  have  been  executed  for  tbe  pro- 
tection of  the  low  lands,  especially  below  the  bridges ;  but  they  may  be  said  to  be 
more  remarkable  for  their  magnitude  than  for  the  skill  or  economy  of  their  execution. 
In  fact  the  extreme  regularity  of  the  course  of  our  rivers  has  so  simplified  the  difficulties 
connected  with  works  intended  to  maintain  them,  that  very  little  attention  has  been 
paid  to  the  subject  by  English  Engineers.  '^l 

g^^  38.  In  many  rivers  the  banks  are  protected  by  a  series  of  spurs  without  return 

ends,  projecting  into  the  stream,  and  attached  solidly  to  the  bank.  It  was  formerly 
considered  that  such  spurs  were  more  economical  than  a  continuous  embankment. 
In  some  instances  they  protect  a  length  on  the  upper  side  of  double  their  projection, 
and  on  the  lower  of  three  times  the  same  length;  but  they  have  been  found  to 
produce  sinuosities  in  the  course  of  the  stream,  and  to  determine  strong  oorrosive 
actions  on  the  down-stream  side ;  moreover,  the  heads  of  the  spurs  themselves  are 
much  exposed  to  the  undermining  action  of  the  waters.  The  dangers  of  the  use  of 
spurs  are  most  strongly  developed  during  floods.  In  ordinary  states  of  the  river, 
the  water  which  passes  into  the  angles  formed  by  the  spur  becomes  stagnant,  or  it 
turns  slowly,  especially  on  the  up-stream  side,  and  allows  a  deposition  to  take 
place ;  but  when  extraordinary  floods  occur,  and  the  velocity  of  the  stream  becomes 
very  great,  the  rotary  motion  of  the  water  not  unfrequently  produces  a  whirlpool 
which  injures  the  bank  and  the  works  of  the  spurs  themselves.  The  spurs,  in  fact, 
give  rise  to  a  destructive  action  more  powerful  than  the  one  they  were  intended  to 
guard  against. 

New  Channelsj  Cuts,  and  Dredging. 

New  Channels         89.  In  certain  rivers  whose  section  is  very  great,  and  which  are  liable  to  great  floods, 

Cats.  — whose  beds  may  be  said  to  possess  great  mobility,  and  whose  central  portions  are 

often  occupied  by  islands, — the  navigable  channel  is  likely  to  pass  from  one  bank  to 

the  other  by  traversing  the  intervals  between  the  islands,  and  it  has  been  attempted 

to  rectify  the  bed  by  creating  new  channels  across  the  latter. 

The  practical  results  obtained  by  the  Engineers  of  the  Rhine  (a  river  which  is 
in  all  respects  worthy  to  be  taken  as  a  model,  both  from  Uie  difficulties  it  presents, 
and  the  skill  employed  in  overcoming  them)  have  led  to  the  establishment  of  the 
following  rules : 

1st.  The  now  channels  should  be  as  deep  as  possible. 

2ndly.  They  must  be  connected  with  the  old  channel  by  curves  of  considerable 

radius. 
Srdly.  They  must  not  be  opened  to  receive  the  waters  of  the  river  until  the  down- 
stream end  of  the  ancient  pass  has  been  completely  closed.    It  has  been  found 
impracticable  to  divert  the  waters  into  the  new  channel  unless  this  be  done, 
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redging. 


becauBe  it  is  impossible  to  throw  out  the  new  cut  to  a  depth  inferior  to  that  of 
the  old  channel. 
4th]j.  The  beds  of  the  new  onts  must  be  cleared  of  all  trees,  reeds,  or  aquatic 

plants  in  the  sone  in  which  it  is  intended  that  the  riyer  should  flow. 
It  has  been  found  that  cuts  having  only  between  17  and  80  feet  at  the  bottom,  or 
floor-line,  were  sufficient  for  the  Rhine,  notwithstanding  its  immense  volnme.     The 
waters  directed  into  the  new  cuts  do,  in  fact,  very  rapidly  both  deepen  and  enlarge  the 
channel  to  the  extent  necessary  to  insure  the  full  discharge  of  the  stream. 

40.  An  economical  manner  of  removing  the  materials  of  the  bed  of  a  river  consists 
in  the  application  of  movable  dams  attached  to  a  boat.  These  dams  ofler  a  resistance 
to  the  flow  of  the  water ;  and,  according  to  the  greater  or  less  depression  given  to 
them,  they  either  divert  the  whole  effort  of  the  stream  against  any  particular  object^ 


Fig.  11. 


:::-'«.>•' 


sturalfian. 


or,  by  simply  contracting  the  waterway,  they  augment  its  velocity,  especially  at  the 
bottom.  This  mode  of  dredging  cannot  be  applied  if  there  be  any  necessity  for  the 
removal  of  the  materials  disturbed.  It  evidently  only  acts  by  displacing  them,  leaving 
them  free  to  be  deposited  elsewhere.  Wherever  applicable,  this  system  has  been 
found  to  diminish  the  expense  by  about  ^ths. 

The  machine  shewn  in  fig.  11  was  employed  on  the  Ghtronne,  in  which  river  it 
removed  about  60  yards  per  day  of  sand  and  clay,  at  an  expense  of  about  2^(2.  per 
yard  cube. 

41.  In  the  United  States,  rocks  in  the  beds  of  rivers  are  often  removed  by  means 
oi  a  series  of  stampers,  set  in  motion  by  the  waters  of  the  river  acting  upon  wheels 
attached  to  boats  or  any  other  temporary  staging.  Sometimes  it  is  necessary  to 
employ  the  diving-bell,  and  to  blow  up  impediments  to  the  navigation  with  gun« 
powder.  At  others,  and  especially  when  it  is  desirable  to  remove  entirely  all  the 
materials  loosened  from  the  bed  of  the  river,  the  dredging-boat,  moved  by  steam 
power,  is  employed. 

42.  Before  quitting  this  subject,  it  is  necessary  to  notice  an  interesting  fact  as 
regards  the  beds  of  rivers.  In  many  cases,  particularly  in  those  where  the  bed  is 
composed  of  gravel,  natural  bars  form,  as  it  were,  of  their  own  accord  :  if  removed, 
they  are  re-formed  with  great  rapidity,  and  appear  to  result  from  the  form  of  the  bed, 
which  gives  rise,  in  these  precise  localities,  to  a  sort  of  slack  water  favourable  to  the 
settling  of  the  gravel.  Advantage  should  be  taken  of  the  indications  thus  given  ;  for 
if  it  be  desired  to  erect  a  dam  or  barrage,  the  positions  of  these  natural  bars  will  be 
found  to  be  the  most  advantageous,  and  the  direction  they  take  with  the  current  will 
also  be  the  one  most  likely  to  insure  the  solidity  of  the  construction. 
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General  Considerations  upon  Works  for  the  Estahliskment  or  ike  Amelioration 

of  the  Navigation  in  Rivers, 

43.  The  solution  of  the  questions  connected  with  the  establishment  of  rirer  navi- 
gation is  attended  with  so  many  difficulties  both  technical  and  commercial,  wh(«e 
importance  yaries  with  almost  eyery  separate  case,  that  it  is  impossible  to  lay  down 
any  inyariable  rules  to  guide  the  conduct  of  an  Engineer.  Local  circumstances 
influence  to  so  great  an  extent  the  fi&vourable  economical  results  of  such  work,  that 
eyery  riyer  requires  to  be  examined,  as  it  were,  upon  its  own  capabilities. 

When  the  navigation  takes  place  downwards  only,  and  there  is  a  sufficient  depth  of 
water,  and  when  the  flow  of  the  water  is  alone  the  moving  power,  the  danger  to  be 
obviated  can  solely  arise  from  the  too  great  rapidity  of  the  current.  If  it  be  desired 
to  render  the  river  able  to  float  larger  boats,  its  depth  can  only  be  augmented  by 
retarding  the  velocity.  The  question  to  be  examined  before  undertaking  works  to 
effect  this,  is  whether  it  be  more  economical  to  employ  large  boats  with  a  longer 
total  pasKige,  or  small  boats  travelling  with  greater  rapidity. 

If  the  navigation  take  place  upwards,  works  which  would  retard  the  velocity  ef 
the  stream  produce  not  only  a  great  saving  in  the  motive  power,  but  also  enable 
larger  vessels  to  be  employed  :  the  question  in  this  case  is  simply  whether  the  naviga- 
tion is  sufficiently  active  to  justify  the  expense  incurred.  But  if  the  navigation  takes 
place  in  both  directions  and  in  variable  proportions,  the  solutions  admit  of  an  endless 
variety. 

44.  The  first  considerations  which  arise,  when  we  examine  the  necessity  for 
improving  a  river,  are, — shall  the  navigation  be  kept  in  the  old  channel  ? — shall  a  new 
one  be  opened,  either  with  running  waters,  or  with  still  waters  as  in  a  canal  T — on 
which  bank  shall  the  navigation  be  maintained  ?  These  considerations  are  moreover 
complicated  by  the  nature  of  the  country  on  the  banks  of  the  river,  the  rights  of  the 
proprietors,  the  occasional  presence  of  mills,  and  even  by  questions  of  militaiy  defence. 
Finally,  we  may  meet  with  physical  impossibilities  ;  or,  at  leasts  the  outUy  may  be 
so  enormous  as  not  to  warrant  any  hope  of  success. 

Before  proceeding  to  lay  down  any  project  for  the  improvement  of  a  river,  a  general 
plan  must  be  made  of  the  main  stream  and  uf  all  its  affluents.  Longitudinal  and 
transverse  profiles,  and  levels  of  the  bed,  the  banks,  and  the  land  immediately  upon 
them  must  be  taken.  Careful  observations  must  be  made  upon  the  heights  of  the 
lowest  waters,  of  the  mean,  and  of  flixxl  streams,  taking  care  that  they  be  averaged 
over  the  greater  possible  number  of  years ;  and  the  volume  of  the  river  must  be 
gauged  in  all  the  above  states.  The  nature  of  the  matters  held  in  suspension,  the 
tendency  of  the  river  to  scour,  or  to  deposit,  and  the  nature  of  the  bed,  are  also  points 
of  vital  importance.  The  form,  and  tonnage,  of  the  boats  in  use  upon  the  river  to  be 
improved,  or  upon  any  other  with  which  it  communicates,  must  also  be  ascertained. 
The  capabilities  of  the  surrounding  country  for  the  provision  of  materials  neoeesarj 
for  construction  will  also  require  to  be  noted. 

The  formulie  announced  by  De  Prony,  and  verified  by  Eytelwein  upon  some  lai^ 
rivers,  are  of  great  service  in  determining  the  volume  of  a  water-course.  Leaving  out 
of  account  the  form  of  the  banks,  they  are 


V  =  /.  Am,  &  tt«=  —007  +  a/o 


006  +  8233- 


/h 


I  +  2h 


in  which  V  =  the  volume  per  second ;  I  s  the  width  of  the  bed  ;  h  «  the  mean 
depth  ;  u  =  the  mean  velocity  per  second,  and  i  =  the  faU. 
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In  riTers  whose  width  is  great  in  proportion  to  the  depth,  the  ralae  of  u  may  be 
safely  taken  as  being 

u  =  -  007  +  a/o005  +  3233  f_i_, 
V  /  +  2 

or  even  when  the  width  exceeds  130  feet, 

u^  —  0-07  +  V  0-006  +  3233 1. 

More  detailed  information  upon  the  application  of  these  formula  will  be  found  in  the 
works  of  De  Prony,  Coriolls,  and  Ghiuthier,  or  in  the  'Annales  des  Fonts  et  Chaus- 
8608,'  1835-6. 
Tects  of  Bed.  ^6.  One  of  the  first  obstacles  to  the  nayigation  arises  from  the  narrowness  of  the 
stream,  either  in  the  straight  parts  of  its  coarse,  or  in  the  curves.  If  it  be  attempted 
to  remore  this  obstacle  by  excavating  the  sides,  we  are  likely  to  diminish  the  velocity, 
and  also,  very  probably,  the  depth.  Moreover,  if  the  river  hold  much  extraneous 
matter  in  suspension,  the  depositions  which  will  take  place  in  the  still  waters  will 
probably  cause  the  banks  to  be  re-formed,  unless  the  channel  be  kept  open  by  con- 
tinual dredging. 

46.  Bends  in  rivers  affect  the  navigation  injuriously  in  two  ways.  Firstly,  they 
diminish  the  width  practicable  for  boats,  and  secondly,  they  augment  the  length  of 
the  traject.  By  opening  a  new  passage  between  the  extreme  points,  the  velocity  is 
increased,  and  simultaneously  the  depth  is  diminished.  It  often  happens,  if  the  banks 
be  easily  con*oded,  that  at  the  time  of  floods  the  river  re*opens  its  original  channel, 
an  accident  which  occurred  on  the  Oise  above  Compeigne. 
desofremedy-  If  the  bend  be  of  sufficient  importance,  the  best  method  of  obviating  it  is  to  construct 
f  Defects.  ^^  lateral  canal  with  locks.  Of  course  it  becomes  a  matter  of  calculation  whether  the 
economical  returns  of  such  works  compensate  for  the  outlay. 

If  the  nature  of  the  bed  or  the  velocity  of  the  stream  be  "the  principal  obstacle  to 
the  navigation,  these  may  be  obviated  as  follows.  Firstly,  either  by  lengthening  the 
course  of  the  river,  by  widening  it,  or  by  deepening  it ;  or  by  a  combination  of  two  or 
more  of  the  above  methods.  Secondly,  by  establishing  transverse  dams  to  retain  the 
water,  in  a  series  of  ponds  of  still  water,*  between  which  communications  are  esta- 
blished by  locks,  sluices,  or  flashing  gates,  to  be  subsequently  described. 

When  the  want  of  depth  is  the  principal  obstacle,  it  is  sometimes  obviated  by  con- 
tracting the  channel,  either  by  transverse  dikes,  or  spurs,  fixed  to  one  or  both  banks, 
or  by  longitudinal  dikes,  either  single  or  double.    When  rivers  are  divided  into 
numerous  branches  by  islands  in  mid-channel,  the  dikes  are  established  in  such  a 
manner  as  to  close  up  the  smaller  branches,  and  to  connect  the  islands  with  one 
another.     Some  very  important  works  of  this  description  have  been  executed  on  the 
Loire,  betwreen  Orleans  and  Nantes  ;   and  also  upon  the  Seine,  between  Paris  and 
Bouen.     These  will  be  described  in  detail ;  but  it  may  be  here  observed,  that  the 
results  confirm  the  assertion,   *'tbat  the  only  certain  mode  of  deepening  a  river  is  by 
the  establishment  of  continuous  longitudinal  embankments." 
ifrhtof  Em-         ^7.  The  height  chosen  for  the  crown  of  embankments  is  a  subject  which  requires 
kkments.         mature  consideration  ;  for  upon  it  depends,  to  a  great  extent,  the  action  of  the  upper 
floods,  and  the  scouring  action  of  the  river.     The  dikes  or  dams  of  the  Loire,  of  the 
Rhine,  and  of  the  Fo,  when  they  are  executed,  as  in  the  latter,  at  a  distance  from  the 
bed  of  the  river,  do  not  produce  any  danger  from  the  causes  here  mentioned.     They 
are,  in  fact,  only  intended  to  resist  the  floods,  which,   on  extraordinary  occasions, 
would  otherwise  overflow  the  fertile  lands  at  the  back  of  the  embankments.     It  has 

*  As  ou  the  Rideau  Canal,  Upper  Canada. 
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been  foand  adTisable  in  practice  ncTer  to  allow  the  eroirn  of  (he  embankments 
erected  far  the  purpose  of  diminiabiiig  the  channel  to  exceed  the  lerel  of  the  mnn 
walera  ;  wliilat  they  only  eiceed  that  of  the  low  nalera  by  aboat  S  feet,  and  are 
coTereJ  by  the  floods. 

is.   The  foHowing  simple  mlea  ealGoe  for  ordinary  cuen,    and    t^y  gire  ttmlta 

which  are  tolenbly  acoorate.     let.  The  relocitiea  vary  in  the  iurene  tatdo  of  the 

cube  roots  of  the  widtha.     2ndly.  The  cubeg  of  (he  heights  are  in  the  ioTerae  latio 

of  the  widths  of  the  beds.     In  the  Dniteil  States,   the  principle  adopted  to  r^ulate 

Ha.  21. 
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the  dimenaloBB  of  the  narrowed  pass  is,  to  make  its  capacity  equal  to  that  of  the 
ancieut  bed.  As  much  as  possible  it  is  requisite  to  preserve  the  nataral  waterway  ; 
and  if  it  be  necessary  to  displace  it  at  all,  to  direct  it»  iu  preference,  to  the  bank  or 
portion  of  the  channel  most  likely  to  yield  to  the  deepening  action  of  the  waters, 
eaor  Dams  ^^'  Longitudinal  dikes  appear  to  be  indisputably  the  form  most  fitted  for  the  tidal 
Idal  Portions  portions  of  rivers,  inasmuch  as  they  allow  the  tidal  waters  to  spread  with  greater 
regularity.  On  the  Clyde,  the  Dee,  and  the  Ribble,  it  was  attempted  to  deepen  the 
waterway  by  means  of  transverse  spurs,  or  jetties ;  but  the  experience  of  the  best 
Engineers  has  led  to  the  substitution  of  the  longitudinal  dikes.  These  are,  in  the 
esses  referred  to,  executed  in  rubble-stone,  and  are  usually  &om  8  to  5  feet  above  low- 
water  mark.  When  covered  by  the  tide,  their  position  is  indicated  by  beacons  placed 
at  regular  intervals.  Some  very  interesting  information  upon  the  subject  of  the 
improvement  of  the  tidal  portions  of  rivers  is  to  be  found  in  a  short  work  by  D. 
Stevenson,  Esq.,  published  in  18  i9.  The  Report  made  by  Messrs.  De  Prony  and 
Sganzin,  in  the  year  1806,  upon  the  works  projected  by  the  order  of  Napoleon  for  the 
restoration  of  the  Port  of  Venice,  contains  also  veiy  valuable  observations  upon  the 
best  method  of  improving  tidal  rivers. 

The  materials  employed  in  the  execution  of  these  jetties,  spurs,  or  dikes  vary  with 
the  nature  of  the  country  in  which  they  are  situated.  It  is  always  a  very  difficult 
operation  to  close  any  waterway,  especially  when  the  bed  is  easily  removed.  If  the 
dam  be  executed  by  commencing  from  the  two  sides,  the  passage  becomes  contracted, 
the  speed  of  the  current  augments,  and  necessarily  the  bed  becomes  deepened.  If, 
on  the  contrary,  the  dam  be  executed  in  horizontal  layers,  the  waters  retained 
flow  over  the  top  and  produce  a  cascade  which  is  likely  to  overthrow  the  structure. 
It  appears,  however,  preferable  to  adopt  this  latter  course,  wherever  it  is  feasible. 
In  any  case  it  is  requisite  to  execute  these  works  at  seasons  of  the  year  when  the  waters 
are  lowest. 

Whatever  system  be  adopted  for  such  river-works,  it  is  indispensably  necessary 
that  any  defect  be  remedied  at  once.  Constant  inspection,  great  care,  and  continual 
labour  are  the  only  means  by  which  the  banks  of  rivers  can  be  maintained.  No 
short-sighted  notions  of  economy  should  be  allowed  to  interfere  with  the  organisation 
of  an  efficient  system  of  maintenance. 

Danu  or  Bwragti  in  Riven, 

50.  When  rivers  bring  down  small  volumes  of  water,  the  simplest  method  of  ren- 
dering them  navigable  is  by  the  erection  of  dams  or  barrages  across  their  beds,  thus 
creating  a  series  of  ponds.  The  communication  between  these  ponds  may  be  effected 
by  sluices,  as  before  observed  in  the  case  of  floatable  rivers,  or  by  locks,  or  even 
through  a  pass  left  constantly  open.  These  last  are,  however,  simply  transverse 
jetties,  which  narrow  the  bed  of  the  river. 

Dams  may  be  either  fixed  in  their  whole  height,  or  they  may  be  movable  in  such 
a  manner  as  to  leave  a  free  passage  for  the  waters  in  time  of  floods, 
nulnof  Flow      The  object  of  continuous  dams  is  to  cause  the  waters  to  rise  on  their  up-side,  so  as 
**^*  to  obtain  a  sufficient  depth  for  the  purpose  of  the  navigation.    Their  result  is  to 

diminish  the  depth  of  the  waters  below,  in  consequence  of  the  additional  velocity 
acquired  by  the  fall  over  the  crown  of  the  dam.  The  depth  of  water  upon  the  crown 
depends  upon  the  length  of  the  dam.  M.  CastePs  formula  for  ascertaining  it  (which 
is  generaUy  adopted  by  Engineers  in  calculations  of  this  nature)  is 
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in  which  x  is  the  height  sought ;  Q,  the  discbarge  per  second ;  and  L,  the  length  ot 
the  dike  or  bank. 

51.  Although  the  dam  produces  the  effect  of  retarding  or  heaping  np  the  waters, 
it  is  not  immediately  upon  it  that  they  attain  the  greatest  depth,  but  at  a  certain 
distance  above.  The  surface  of  the  fluid  assumes  a  conrex  form  before  arrinng  at 
the  dam,  the  curve  of  which  commences  at  a  very  considerable  distance.  MM.  Quil- 
hem  and  D'Aubuisson  consider  the  curve  to  be  a  portion  of  a  hyperbola  whose  summit 
is  above  the  dam  before  the  waters  begin  to  fall,  and  whose  asymptote  is  the  line  of 
the  natural  mean  fall  of  the  waters  before  the  establishment  of  the  dam«  The  equation 
of  this  curve  would  be 


(y  +  px\^     px 1 
U     /  "  "H  ~1  +  iUipx] 


« 


I 

9  H   ' 

in  which  x  is  the  horizontal  distance  of  any  point  in  the  curve  to  the  dam  ;  y  iB  the 
height  to  which  the  waters  are  heaped  up  at  that  point  above  the  original  level ;  H, 
the  greatest  height  to  which  they  are  raised  ;  p,  the  fall  of  the  bed  of  the  river,  in 
this  case  supposed  to  be  straight. 

It  is  usual  to  place  the  dams  at  sufficient  distances  from  one  another  to  allow  the 
level  of  the  waters  thus  kept  back  to  meet  the  level  resulting  from  the  natural  &11  of 
the  bed.  The  crown  is  kept  at  about  from  8  inches  to  1  foot  below  the  height  calcu- 
lated for  the  augmented  depth.  The  formula  for  calculating  more  exactly  the  dis- 
tance of  the  extreme  point  of  the  difference  of  level  created  by  the  dam  is  (supposing 
the  coefficient  of  contraction  to  be  0*70) 


j=«l-86/rfVrf  +  0-08  V, 
in  which  q  is  the  quantity  of  water  discharged  per  second  ;  Z,  the  width  of  the  dam  ; 
d,  the  distance  of  the  extreme,  point  sought ;  V,  the  mean  velocity  of  the  upHrtream. 
M.  D*Aubuis8on  prefers  the  formula 

q  =  fa\  V  2g.  Ih  yjh, 
in  which  m  is  the  coefficient  of  contraction  ;  A,  the  difference  of  height  between  the 
crown  of  the  dam  and  the  sheet  of  nearly  stagnant  water  which  is  found  above  it. 
Different  52.  There  are  two  methods  of  establishing  dams  in  rivers  ;  either  with  small  &ll8 

l2^™'^  often  repeated,   or  at  considerable  distances  asunder  with  great  falls.      The  latter 

system  has  the  advantage  of  causing  less  interruption  to  the  navigation,  and  of  losing 
less  time  in  the  passage  of  the  locks  ;  but  it  is  accompanied  by  great  increase  in  the 
expense  ;  for  as  the  weight  of  water  acting  upon  any  construction  increases  in  the 
ratio  of  the  squares  of  its  height,  the  strength  and  consequently  the  expense  of  the 
works  must  increase  in  the  same  ratio.  The  height  usually  adopted  for  river  locks  is 
rarely  above  6  feet  6  inches  :  when  there  are  no  locks  for  the  passage  of  the  boats,  the 
height  is  not  more  than  from  3  feet  8  inches  to  4  feet  8  inches.  The  nature  of  the  bed  of 
a  river  also  becomes  an  important  element  in  the  solution  of  the  question  as  to  the  posi- 
tion of  the  dams.  It  is  evidently  essential  that  they  should  be  placed  in  positions 
where  the  fall  of  the  cataract  is  not  likely  to  undermine  them. 

In  order  to  augment  the  width  of  the  section,  and  thus  to  diminish  the  Telocity  of 
the  stream  falling  over  a  dam,  it  is  frequently  made  with  an  inclination  towards  the 
stream.  But  as  the  direction  of  the  water  flowing  over  is  always  normal  to  the  line 
of  the  crown  of  the  dam,  it  is  likely  to  produce  corrosions  upon  the  banks  on  the 
down-side.  A  safer  way  of  augmenting  the  section  is  to  dispose  the  dam  in  a  convex 
form  to  the  up-stream  ;  or,  if  the  labour  upon  the  masonry  of  this  arched  shape  be 
too  great,  a  chevron  briie  may  be  substituted,  observing  that  the  salient  angle  is  ptre- 
sented  to  the  stream.     Both  of  these  forms  have,  however,  the  disadvantage  of  eon- 
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traoUng  the  watenrny,  and  of  facilitating  tbe  depoaidon  of  nit  inthsaBglea  orjnnetion 
witti  tbe  locks  or  Blnicea. 
'  53,  Duna  are  made  oither  with  lertical  &C««  Or  with  ilopes.  The  TCrtical  &oe 
presents  the  advantage  of  immediatelf  checking  the  veloeitj  of  the  oarrent  b;  the 
■BeelB  of  the  cataract ;  bnt  in  this  case  other  works  are  neceoaiy,  to  seenra  the 
foasdation.  If  tbe  down-eide  be  made  with  ■  Blopc,  the  eicavating  action  of  the 
water  ii  diminished,  bat  tbe  oiaea  of  tbe  canstmction  is  angnient^d.  Local  coniiden- 
tioDS  of  economj  mnst  gnidc  the  Engineer  in  tbe  choice  of  the  form  to  tie  adopted;  the 
nature  of  tbe  bed  alao  forms  a  very  important  object  of  consideration  in  tbe  detennina- 
tion  of  such  qoestions . 

Ad  example  of  tbe  mode  of  constmcting  the  dams  naed  in  the  United  Btates  to 
^Ten  in  figore  22,  page  S7S.  In  this  ease  they  were  made  in  sections  abont  20  (eet 
long,  as  in  the  example  given,  of  timbers  20  inches  sqnare,  notched  down  npon  one 
another  3  inches.  Theae  aectiana  were  gradoally  lonk  into  their  poaitiaaa,  well 
bsteued  together,  loaded  and  backed  np  with  ttonea  and  gravel.  Sii-ineh  planking 
it  laid  OD  tbe  upper  surfaces.  This  dam  has  an  inclination  of  ^B'  to  the  stream,  and 
neasnres  72  feet  acrcn  at  the  foot.  The  total  length  is  ISOO  feet.  A  portion  of  it 
to  execnted  in  nibble,  ibr  a  length  of  2T0  feet,  the  width  at  the  top  bung  13  feet,  and 
at  the  bottom  150  feet. 

Dams  are  aometimes  execnted  in  vertical  eases  of  itood-work,  nmilar  (o  coffer-dunt, 
and  consisting  of  main  and  sheet  piling,  filled  in  with  mbhle,  the  foot  of  the  daini> 
aide  being  protected  bj  loose  stone  left  to  find  its  natural  slope.  Agun,  at  othar 
times  an  open  frame-work  of  carpentry  is  driven  into  the  gnmnd,  which  is  filled  In 
aleo  with  rabble,  but  dr«ased  off  to  a  regular  slope,  which  U  much  greater  on  tbe  down 


Btone  Dun  m  the  Lesser  Saona  Blver. 
E4.  The  crown  of  a  dam  mnit  always  be  made  with  on  inclination  towards  the  up- 
stream, in  order  to  facilitate  the  affinx  of  the  sheets  of  the  Quid  towards  tbe  eitrem* 
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Anotber  rerr  necenarj  precaulion  to  ba  observed  in  oaDitnisting  th«  d»nu  of  timber- 
work  is  tu  prevent  a,ay  of  the  beami  frnm  traTening  the  whole  itnictaK,  u  they 
would  in  tint  case  act  as  pijics  ti  ilIIqw  the  watsr  to  ]iasd  through. 

The  plfttforiu  od  the  itowa-siile  ehontd  be  uumIo  of  >  length  equal  to  three  times  ths 
height  of  the  dam,  when  the  latter  ia  Terdcal.  It  is  sdviuble  to  itnngthea  the  part 
upon  which  the  wster  falU  directlj,  and,  if  pouible,  to  interpose  some  eUstio  lab- 
itance,  sach  for  instance  as  a  bed  of  fascicea.  Tlie  lower  eitremitj  of  the  platform 
nnit  be  guarded  bj  a  range  of  close  piling. 

In  soms  rivers  the  dame  are  made  with  openings,  to  whieh  gatea,  or  other  methoda 
of  closing,  are  applied  ;  so  thst  they  are  shot  during  the  drj  seaKni,  and  open  when 
the  waters  rise.  These  dams  present  a  leriai  of  piers  and  openings  in  the  river  pre" 
eiselj  analogam  to  the  piers  of  liritlges,  and  thej  require  the  sams  methods  of  constmo- 
tion  and  defence  those  works  would.  The  dimension  of  the  openings  is  r^uUted  b; 
the  mode  of  cloaing,  and  it  varies  from  13  to  2d,  or  even  to  4S  fett,  according  to  Uw 
aiie  of  the  boats  or  the  violence  of  the  Buods. 

SE.  Un  the  ]L(ame,  the  Youno,  and  the  Aade,  the  ajilem  of  closing  coniiata  in  a  set 
of  movable  blades  turning  on  a  pivot  at  the  bottom,  and  beiiring  against  a  bar  at  tlis 
top,  which  itself  is  movable.  A  bolt  being  drawn,  the  weight  of  the  water  force* 
the  top  bar  to  swlug  ruund,  and  the  blades  then  fall  to  the  bottom,  leaving  the  pass 
clear.  lu  other  cases  the  bladea  are  horiiontal,  and  shot  ag.unst  a  vertical  locking- 
bar,  or  the  blades  are  converted  into  a  solid  door  or  gut*.  When  tlte  openings  are  not 
intended  for  the  purposes  of  navigation,  the;  are  closed  by  vanes  set  in  moUun  bj 
crabe  or  winches,  or  b;  horiioulal  flaps  at  diSoreat  heights.  Sallj-gates  have  been 
used,  but  they  reqoire  too  great  an  eff.irt  to  open  them  against  the  stream.  Tuning- 
gat(«  upon  vei-tical  hiuges  have  slso  been  tried,  but  they  are  objectionable,  in  the  fint 
place,  because  they  liiuiier  the  naiigation ;  and  in  the  second,  because  tbey  require 
an  extra  thickness  of  very  expensive  masnniy.  In  cases  where  the  hraght  of  the 
water  kept  back  has  been  but  insignificant,  it  has  been  found  that  the  oae  of  dams 
which  open  and  shut  simply  by  the  weight  of  the  water  acting  v 


Mf^ctiiig  Dam  at  Foot  ds  k  Ptad^  at  Biosi. 
■naa-ered  tolerably  well.     Thtir  apptieatiou  is,  however,  very  limilod,  because  when 
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the  height  becomes  important,  the  oonstniction  of  these  'works  becomes  proportion- 
ally complicated  and  expensive ;  they  are  also  liable  to  be  easily  put  out  of  order,  and 
are  difficult  to  repair. 

The  width  of  the  sluices  left  for  the  flood-waters  or  for  floating  the  wood-rafts,  upon 
the  Continent,  yaries  from  10  to  26  feet.  In  order  to  economise  time,  and,  to  a 
certain  extent,  the  works  necessary  to  the  efficient  service  of  these  sluices,  it  is  genendlj 
found  to  be  advantageous  to  place  them  at  one  of  the  extremities  of  the  dam.  When 
locks  are  constructed,  the  sluioes  are  placed  close  to  them  for  the  same  reasons.  The 
floor  of  the  pass  of  the  sluice  is  kept  at  the  same  level  as  the  bed  of  the  upper  portion 
of  the  river,  and  is  joined  by  a  reguhur  fall  with  that  of  the  lower,  so  that  in  case  ot 
necessity,  the  sluice  may  be  used  for  the  passage  of  boats.  When  the  bed  of  the 
river  is  soft,  the  floor  of  the  sluice  must  be  protected  by  a  platform. 

The  dam  indicated  in  p.  281,  as  being  used  upon  the  Lesser  Saone,  is  a  mixed  oon- 

struction,  one  part  being  fixed,  the  other  movable.     The  fixed  part  varies  in  height 

rom  2  feet  to  4  feet  above  the  low  waters  ;  the  movable  parts,  which  consist  of  a 

series  of  leaves  turning  upon  horizontal  pivots,  vary  in  height  from  1  foot  4  inches  to 

4  feet  6  inches.     When  the  floods  attain  a  dangerous  degree  of  elevation,  they  over- 

balance  the  movable  parts,   which  fall  flat,   and   thus  allow  the  surplus  water  to 

escape.    * 

ovable  Dams.        56.  M.  Foir^,  Engineer  in  Chief  of  the  navigation  of  the  Seine,  introduced  upon 

the  Yonne,  and  subsequently  upon  the  Seine  itself,  a  kind  of  movable  dam  whose 

application  is  spreading  very  rapidly  in  Prance.     It  consists  in  the  use  of  a  series  of 

metal  frames,  fastened  together  at  the  top,  so  as  to  be  laid  flat  on  the  bed  of  the  river 

by  turning  on  their  bases  as  hinges.     The  frames  are  let  into  a  groove  suDk  in  the 

floor  of  the  dam,  in  such  a  manner  that  the  frames,  when  laid  flat,  do  not  project 

above  the  bed  of  the  stream.     The  frames  are  faiaintained  in  their  vertical  position  by 

a  movable  bar  which  fits  down  upon  them,  and  serves  to  keep  the  blades  closing  the 

waterway  in  their  positions  at  the  top.     At  the  bottom,  the  blades  fit  into  a  groove 

made  in  the  floor  of  the  passage.     They  are  of  wood,  from  4  to  5  inches  wide,  and 

are  pressed  against  the  top  bar  by  the  weight  of  the  water.     The  height  of  the 

frames  may  vary  from  4  to  10  feet ;  their  distance  apart  is  made  equal  to  their 

height,  with  a  small  allowance  for  play.     These  dams  are  exceedingly  economical, 

and  they  present  the  advantage  of  being  susceptible  of  leaving  the  whole  or  any 

portion  of  the  water  clear,  as  occasion  may  require,  whilst  they  are  equally  effective  in 

closing  it  entirely.     M.  Poirde  estimated  the  expense  of  such  dams  at  about  £iO  per 

yard  run. 

67.  Whatever  be  the  nature  of  the  dam  employed,  some  meana  are  required  to 
enable  the  navigation  to  pass  from  one  level  to  the  other.  For  floatable  rivers,  sluices 
suffice,  which  must  be  made  of  such  dimensions  as  to  be  able  to  pass  any  raft  of  the 
ordinary  construction  of  the  country.  The  wing-walls  of  the  passage  must  be  con- 
tinued down  the  stream,  to  guide  the  boats,  and  more  particularly  to  diminish  the 
curvilinear  fall  of  the  water.  The  danger  attending  the  difference  of  level  above  and 
below  the  dam  induces  Engineers  in  practice  to  recommend  that  the  sluioes  be  opened 
about  a  quarter  of  an  hour  before  boats  or  rafts  are  to  be  passed,  although,  by  so 
doing,  the  level  of  the  water  in  the  upper  bay  is  inconveniently  depressed.  For  the 
facility  of  guiding  boats  through  the  sluices,  it  is  desirable  that  they  be  placed  as  near 
the  towing-path  as  possible. 

Loch  for  jRiver  Navigation, 

icks,  iK.  for         ^3*  ^ho  ^^M  0^  sluioes  is  accompanied  with  so  much  danger  and  difficulty,  that  in 
all  cases  where  the  navigation  assumes  any  importance,  locks  are  substituted  for 
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tham.  Locki  mn;  U  e&Ued  bjrdranlie  mMhincs,  br  mwu  of  wfaioli  bcsTf  onmbroiu 
bodies  are  ruied  from  one  leral  to  anotbvr,  or  vict  vtriA.  Th«;  ooniUt  of  h  baaiii  of 
TarUble  >urAKe,  wbicb  is  cloaed  bj  galea  at  euh  end.  Tbe  floor  of  the  look  ii  on  k 
hnl  with  tha  bed  of  the  lower  ptrt  of  tha  river  to  be  oommonuated  vitb.  Tha 
croim  U  sligbtlj  abon  tbe  apper  aurfkoe  of  the  water.  Wbeo  a  boat  ie  to  be  pMwd 
from  the  one  to  the  other,  it  then  beoomei  neceuary  to  alter  the  lerel  of  tbe  water  in 
the  intennediate  buin,  bo  u  to  bring  it  to  that  of  tha  raapaetire  baj*.  The  boati  an 
thna  paued  from  ooe  to  tha  other  without  the  liak  of  shocki,  and  witb  the  least 
powible  axpeoie  of  water. 

G6.  ^ver  lockg  maj  ba  plaoed  in  tha  bad  of  a  rirar,  or  in  a  abort  branoh  made 
parallel  to  the  main  bank.     Whenarirer  diridea  into  several  branebea  natnrallf,  ik 
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i  nsnal  to  place  the  dam  at  tha  head  of  one  of  them  and  tiie  lock  at  tha  end  of  th* 
other,  m  that  tbe  tntannediate  portion  of  tbe  original  bed  of  tha  riTar  becomes  eon- 
verted  ioto  a  baun.  The  reasooi  for  which  this  Fartioolar  anangemeat  is  adopted 
are,  becaoee  it  ia  eaaier  to  constnict  the  lock  in  snch  positioaa,  bj  meralr  direrting 
tiie  waters  of  tha  river  in  the  mean  time  into  tbe  seeondarj  branch  ;  and  be<anaa  the 
itiU  water  thna  created  above  and  below  the  locks,  free  &om  the  agitation  of  tha 
eaecade  over  Ibe  dam,  is  found  to  be  higblj  adrantageons  to  tha  navigaUon.  Uora< 
over,  the  lock  itealf  in  such  poutioni  ii  leu  liketj  to  be  affeoted  b;  gravel  or  mod, 
eqteciall;  if  goard-gatea  are  placed  at  the  entrf  of  the  baiin  thos  fnmed. 
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!£,  however,  the  form  of  the  riyer  be  snch  as  to  render  it  indispensable  to  place  the 
lock  in  the  bed,  it  mnst  be  placed  at  one  extremity  of  the  dam,  so  that  the  side  wall 
forms  also  the  retaining  wall  of  the  towing-path.  The  tail-waUs  mnst  be  prolonged 
into  the  stream,  so  as  to  remoTC  the  boats  from  the  agitation  prodnoed  by  the  waters 
fijling  over  the  dam  ;  and  by  this  disposition  the  wing-walls,  npon  a  considerable 
portion  of  their  length,  are  removed  from  the  charge  of  the  water  in  the  npper  level 
or  pond. 

60.  A  very  important  question  to  be  decided  in  the  construction  of  river  locks  is 
whether  they  should  be  submersible  or  not.  In  the  former  case,  great  danger  is 
incurred  from  the  effects  of  the  waters  acting  upon  the  embankments  by  the  side  of 
the  wing-walls ;  and  it  is  necessary,  in*  order  to  guard  against  this  danger,  that  they 
be  covered  with  a  stone  paving  laid  on  a  bed  of  concrete.  The  gates  should  also  ISb 
opened  in  order  to  prevent  any  kind  of  cataract.  Where  the  locks  are  kept  entirely 
out  of  the  water,  they  offer  the  serious  impediment  to  the  navigation  of  requiring 
that  the  towing-paths  be  elevated,  sometimes  to  a  very  inconvenient  degree;  and 
they  also  require  long  inclines  to  reach  the  level  part  of  the  embankments.  It  may 
be  said,  however,  that  when  j9oods  attain  any  degree  of  elevation,  such  as  to  render 
it  necessary  to  keep  the  top  of  the  locks  inconveniently  high,  the  navigation  is  entirely 
suspended  :  all  the  advantages  are  therefore  in  favour  of  submersible  locks  for  river 
navigation. 

If  the  locks  be  insubmersible,  it  is  desirable,  to  facilitate  the  working  in  ordinary 
states  of  the  river,  that  the  tail-gate  especially  be  made  in  two  parts  ;  the  upper  part 
to  shut  against  a  rabbet  in  the  lower  one. 

With  the  exception  of  these  cases,  the  locks  are  closed  with  double  sally -gates,  the 
difference  of  level  of  water  being  obviated  by  means  of  vanes,  or  water-ducts,  as 
explained  in  the  following  Section  on  Canals.  It  is  advisable  in  all  such  works  to 
leave  grooves  in  the  wing-walls  to  receive  a  temporary  dam,  in  case  repairs  are  found 
necessary. 

The  same  perfection  is  not  required  for  a  river  lock  which  is  found  necessary 
for  canals,  as  they  are  hardly  ever  liable  to  be  short  of  water.  Still  there  is  so 
important  a  loss  of  time  resulting  from  the  infiltration  through  the  wing-walls, 
that  it  has  been  found  to  be  advisable  to  have  them  well  huilt.  The  same  motive  of 
economy  of  time  has  led  in  some  cases  to  the  placing  of  a  supplementary  pair  of  gates, 
in  order  that  when  small  boats  have  to  pass  the  lock,  it  may  not  be  required  to  fill 
the  whole  length  of  the  hasin.  When  the  navigation  is  very  active,  it  may  occasion- 
ally be  necessary  to  make  more  than  one  lock  :  in  that  case  it  would  be  better  to 
make  them  side  by  side,  as  the  middle  wing-wall  would  serve  for  the  two.  At  all 
times  it  is  necessary  to  pay  particular  attention  to  the  size  of  the  boats  frequenting 
the  river  or  its  afflaents,  for  that  must  regulate  the  dimensions  of  the  locks. 

61.  It  has  occasionally  been  found  advisable  to  establish  sluices  in  the  lock-gates^ 
for  the  purpose  of  scouring  out  the  mud,  especially  in  river  locks.  The  action  of 
these  sluices  is,  however,  very  imperfect  when  the  cascade- wall  is  high  enough  to  pre- 
vent the  water  from  sweeping  the  bottom  of  the  basin.  This  inconvenience  has  been 
remedied  in  some  cases  by  making  the  bottom  line  in  a  regular  incline  from  the  entry 
of  the  lock  to  the  tail-gate.  In  the  United  States,  the  cascade-wall  is  often  thus 
suppressed,  and  in  the  middle  of  the  basin  a  grating  is  fixed,  to  catch  any  aquatic 
plants  likely  to  interfere  with  the  opening  of  the  lower  gates.  On  the  Loire  an  inter- 
mediate system  has  been  followed,  by  which  the  height  of  the  cascade-wall  has  been 
diminished  without  being  entirely  suppressed  :  in  fact,  it  has  been  found  that  the 
extra  height  thus  given  to  the  upper  gates  rendered  their  action  slow  and  difficult. 

62.  Great  precautions  are  indispensably  necessary  as  regards  the  foundations  of 
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er  lock*,  to  protect  them  from  tbe  eitrema  force  of  tb«  ciuvftting  poven  of  the 
«BiiL  Even  when  tbe  bed  of  the  rirec  is  of  >  reiiBting  cbancter,  it  'a  ftdriatble  to 
tb«  fouDdati^nB  into  tbe  rock  Kbont  3  or  4  leet.  If  the  bed  be  likel;  to  jield,  k 
ig  platform  miut  be  eiecnled  both  above  and  below  tbe  lock,  «o  u  la  form  then 
least  a  eulid  bed.  If  the  work  be  upon  jiUa,  the  eitremitiea  miut  be  protected 
a  cuDtiDuouB  range  of  clcise  piling,  and  an;  projecting  part  beyond  the  line  of  (ha 
it  aet-oS  Dinat  be  caierall;  paved.  In  making  a  Boor  it  mnat  be  borne  in  mind 
it  the  wdght  of  the  water  of  the  upper  IctoI  acts  npun  it  to  blow  it  ap ;  tba 

Fig.  30. 


Lock-ain  penoratod  to  to 
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10  reaiet  this  action. 


u  always  preferable 


dimenuonn  most  theieG>re  be  bi 
to  execnta  the  Snor  as  an  invert 

In  the  United  States  man;  ineUned  planes  have  been  eiecnted  to  Carrj  vaiselB  over 
eonaiderabla  fatla.  Indeed  the  difficulties  attending  the  eatablisbmenl  of  lacks 
in  rivers  are  so  great,  that  thej  hare  led  Kngineen  to  prefer  the  constmctian  of 
lateral  canals,  whose  works,  especiallf  in  the  iu  termed  late  portions,  are  mirch  mora 
eaaj  of  eieention,  and  also  much  less  exposed  to  accidents  from  floods.  Details  of  the 
eiecntion  of  lock-gates  and  the  other  parla  of  such  constioctions  will  be  found  in  ths 
succeeding  pages. 

8ECTI0S   II. — CASALS. 

1.  The  daugen  alluded  to  in  the  Gnt  portion  of  tliis  ardele  as  attendant  npon  tba 
construction  of  wotka  in  the  bed  of  rivers,  and  the  constant  intarruption  to  which 
the  navigation  is  exposed  from  tlie  varioiia  conditions  of  their  ocorse,  sufficieDtlj 
explain  the  preference  accorded  to  lateral  canala.  These  canals,  however,  onlj  acrve  (o 
regulate  the  navigntion  in  the  direction  and,  generallj  speaking,  in  the  hydrograpfaical 
basin  of  the  eiisling  streams.  Another  ver;  important  (lass  of  canals  is  tbe  one 
designed  for  tiie  purpose  of  forming  a  navigable  communication  between  rivers  flowing 
perhaps  in  opposite  directions,  and  to  overcome  tbe  dilEcultiea  arising  Irom  the 
interposition  of  the  mountain  chains  whence  the  riTera  take  their  source.  Sach 
eauala,  then,  have  forcedlj  a  summit-level,  and  lock  down  in  both  diiectjon^  in  order 
to  carrr  the  navigation  over  the  differences  of  letel. 

From  tbese  circumitances  canals  oaf  be  separated  into  the  two  main  divisions  of 
lateral  csoals,  and  canals  with  a  summit- lerel. 

S.  Lateral  CatiaU. — This  first  category  comprises  all  derivatiool  from  tiven  which 
are  made  eitfaei  for  the  parposes  of  navigation,  far  irrigatioD,  or  fbr  ths  inpplj  of  the 
f  mill*  and  faotorie*.     They  mty  be  made  with  a  alight  ftU,  m  a*  t» 
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maintain  a  definite  yelodty  in  the  water,  or  they  may  be  made  bo  that  the  reBpeetive 
portions  between  the  locks  assume  the  character  of  pools  of  stagnant  water,  withont 
any  perceptible  flow.  The  former  arrangement  is  applicable  in  cases  where  the 
nayigation  only  takes  place  in  the  downward  direction,  or  where  the  motive  power  of 
the  water  is  to  be  made  use  of.  An  instance  of  a  canal  with  a  constant  hX\  is  to  be 
fonnd  in  the  Canal  de  TOarc,  near  Paris.  Upon  it  the  navigation  only  takes  place 
towards  the  capital,  and  the  derivation  itself  serves  also  to  carry  the  water  to  the 
town,  for  the  public  fountains,  washing  the  streets,  &c.,  and  likewise  to  furnish  the 
water  requisite  for  the  canal  which  runs  round  the  north  side  of  Paris, 
mont  ot  ^^^  formnls  which  express  the  conditions  of  the  movement  of  waters  in  a  canal 

whose  section  is  constant  and  fidl  uniform,  are  usually  given  thus  : 

Q  =  S  V  ;  from  which  equation,  v  =  -=; 

S 

Q  being  the  volume  discharged  per  second  ;  S,  the  section  of  the  stream  ;  v,  the  mean 
velocity  per  second.     Or,  M.  de  Prony  gives  another  formula  : 


r. 


Y=ulh.  tt  =  -0-07  +  A  /0005  + 
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in  which  I  is  the  mean  width  ;  A,  the  depth  ;  i,  the  fall ;  tt,  the  mean  velocity  per 
second.  Of  course  it  is  to  be  observed  that  in  all  the  formulsB  used  by  the  French 
Engineers,  they  have  exclusively  employed  the  metrical  system. 

8.  In  all  canals  where  it  is  desired  that  the  waters  should  have  a  definite  flow,  it  is 
indispensable  that  the  fall  be  maintained  uniformly  throughout  its  length.  On  the 
Canal  de  TOorc,  the  Engineer,  misled  by  his  theoretical  reasoning  upon  the  shape 
assumed  by  the  longitudinal  profiles  of  rivers,  adopted  the  plan  of  making  the  bed  of 
the  canal  a  species  of  catenarian  curve.  Upon  this  principle  the  fall  in  one  part  was 
made  0» '0000625  per  mdtre,  in  the  other  0'°0001236  per  mdtre,  instead  of  being  a 
uniform  fall  throughout  its  whole  length.  The  result  was,  that  the  flow  over  the  highly 
inclined  portions  became  rapid  and  the  depth  feeble,  whilst  in  the  more  level  parts 
the  flow  could  hardly  be  said  to  exist,  and  there  was  an  excess  of  water. 

An  important  observation  made  by  Dubuat  on  canals  of  this  description,  was  to  the 
effect  that  the  aquatic  plants  retard  the  flow  of  the  water  to  such  an  extent  as  almost 
to  require  that  the  inclination  be  double  that  indicated  by  theory. 

4.  It  is  usual  to  make  all  lateral  canals,  and  even  in  many  cases  summit-level 
canals,  with  falls  such  as  we  are  now  considering,  in  order  to  compensate  for  the  loss 
of  water  which  takes  place  from  evaporation,  lockage,  or  infiltration.  The  direction 
of  the  movement  of  the  navigation  does  not  affect  the  rate  of  fall  so  much  as  the 
consideration  of  the  stability  of  the  works,  although  doubtlessly  it  is  a  very  important 
element  in  the  solution  of  the  question.  Practically,  a  fall  which  would  produce  a 
velocity  of  so  much  as  1  foot  per  second  may  be  taken  as  the  extreme  limit  for  a 
oanal  navigable  in  both  directions :  1  in  20,000  is,  however,  sufficient  to  produce  a 
flow  sufficient  to  compensate  for  the  causes  of  loss  above  mentioned.  The  excess  of 
water  thus  admitted  into  the  respective  ponds  should  be  diverted  round  the  locks  by 
a  culvert,  rather  than  be  allowed  to  flow  over. 

The  works  connected  with  lateral  canals,  which  differ  the  most  from  similar  works 
upon  summit-level  canals,  are  those  by  which  they  communicate  with  the  upper  or 
lower  parts  of  the  river  ;  those  by  which  they  occasionally  pass  from  one  bank  to  the 
other ;  and  those  by  which  they  communicate  with  the  sea,  for  nearly  all  the  ship- 
canals  may  be  classed  amongst  those  now  called  lateral. 

5.  The  communications  with  the  natural  bed  of  the  river  are  of  the  most  serious 
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importance,  for  upon  them  depends  the  attainment  of  the  facilities  requisite  for  the 
management  of  the  boata.  The  security  of  the  latter  from  floods,  the  necessity  of 
always  commanding  a  sufficient  depth  of  water,  the  importance  of  keeping  the  entry 
clear  of  the  silt  of  the  river,  — all  combine  to  complicate  the  difficulties  and  to  increase 
the  importance  of  this  part  of  the  work. 
Upper  Junction.  A  careful  examination  of  the  most  successful  works  of  this  kind  leads  to  the  con- 
clusion, that  the  best  principle  to  be  followed  in  their  execution  is  to  place  them  at  a 
rather  acute  angle  with  the  natural  flow  of  the  rirer,  the  immediate  junction  being 
effected  either  by  a  large  basin  or  by  means  of  a  curve.  Under  all  circumstances,  it 
is  necessary  to  have  a  basin  at  the  point  of  junction,  on  account  of  the  differences  of 
level  the  rivers  are  constantly  exposed  to  from  floods  or  tides. 

If,  at  the  point  where  the  upper  junction  is  established,  there  be  not  sufficient 
depth  of  water  at  the  low  summer-level,  it  is  necessary  to  make  a  dam.  If  the  river, 
however,  be  one  which  brings  down  much  gravel  or  silt,  depositions  are  likely  to 
take  place,  which  would  render  such  works  useless.  The  silting  up  of  the  bottom  of 
the  basin  is  only  to  be  obviated  by  dredging,  or  by  establishing  powerful  sluices  to 
scour  out  the  portions  necessary  for  the  navigation. 

The  feeders  must  be  removed  from  the  influence  of  floods  ;  firstly,  in  order  to  avoid 
the  dangerous  effects  of  the  cascades  they  might  produce  ;  and,  secondly,  to  avoid  the 
silting  up  of  the  canal  by  the  muddy  waters  they  bring  down.  The  gates  at  the 
entrance  are  often  made  in  separate  portions  when  it  is  necessary  to  give  them  a 
great  height,  in  order  to  attain  the  object  of  shutting  out  the  floods.  Sometimes  the 
first  basin  of  the  lateral  canal  is  so  aiTanged  that  its  level  may  be  alternately  above  or 
below  that  of  the  river.     In  this  case  a  double  set  of  gates  is  necessary. 

6.  The  outfall,  or  bottom  junction  with  the  river,  may  be  either  directly  in  the 
stream  itself,  or  in  waters  which  communicate  with  it.  The  latter  course  is  taken 
when  there  is  danger  of  silting  up,  or  of  the  formation  of  natural  bars  by  the  deposits 
of  alluvium  from  the  river.  However  the  canal  may  communicate  with  the  river  or 
sea,  it  is  necessary  that  the  jy notion  take  place  in  such  a  manner  as  to  facilitate  the 
passage  of  boats  from  one  to  the  other ;  that  there  be  at  all  times  a  sufficient  depth 
of  water;  that  it  be  possible,  should  occasion  arise,  to  establish  sluices,  as  at  the 
upper  or  feeder  junction ;  and  that  the  last  basin  be  of  sufficient  dimensions  to  receive 
all  the  vessels  which  might  require  to  lie  there.  This  last  basin  also  should,  if  pos- 
sible, be  without  locks  towards  the  upper  part  of  the  canal,  and  only  be  closed 
towards  the  river.  On  any  lateral  canal  where  there  is  an  important  and  active 
navigation,  such  basins  or  docks  are  of  the  highest  utility,  both  for  the  safety  of  the 
boats,  and  for  the  facility  of  commerce.  On  the  lateral  canal  of  the  Mississippi,  and 
that  of  Pont  Chatrain,  in  a  length  of  about  five  miles  it  was  proposed  to  make  no  less 
than  fourteen  basins,  besides  three  docks, — two  at  the  entry  and  one  at  the  outfall. 
At  the  outfall  the  same  difficulty  is  met  with,  from  the  variations  in  the  height  of  the 
river-water  at  the  upper  junction.  But  as  the  outfalls  are  usually  in  the  tidal  parts 
of  the  river,  it  is  more  necessary  to  render  them  constantly  insubmersible  than  it  is 
in  the  latter  case.  (See  the  plans  of  the  upper  junction  of  the  lateral  canal  of  the 
Rhdne  at  Beaucaire,  of  the  passage  of  the  lateral  canal  of  the  Loire  from  one  side  of 
the  river  to  the  other,  and  of  the  junction  with  the  Med  way  of  the  former  Thames 
and  Medway  Canal. ) 

The  communications  between  lateral  canals  and  tidal  waters  are  necessarily  more 
complicated  than  those  in  ordinary  rivers,  from  the  great  difierences  of  level  met 
with  in  the  former.  It  is  usual  to  take  as  the  lowest  point  of  such  locks  the  levels  of 
the  mean  neap-tides  at  low  water.     Such  a  course  saves  time  in  passing  through  the 
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locks  when  once  open ;  but  boats  are  forced  to  wait  at  least  six  hours  between  tides, 
and  the  last  basin  is  liable  to  be  soon  silted  np. 

fDsions  of  7,  xhe  question  of  the  dimensions  to  be  given  to  the  locks  is  more  simple  in  the 
case  of  lateral  canals  than  in  those  of  an  ordinary  character,  for  thej  are  always  cer- 
tain to  hare  an  ample  supply  of  water.  They  may  then  be  made  so  large  as  to  receive 
two  or  more  boats  at  a  time  in  the  intermediate  basin.  It  is  questionable,  however, 
whether  the  delay  in  the  operation  of  filling  the  basin  does  not  more  than  counter- 
balance the  advantage  of  passing  simultaneously  several  boats.  At  the  outfiEdl  this 
consideration  may  be  overruled  by  the  facilities  large  locks  offer  for  the  entry  of  even 
sea-going  vessels  into  the  docks  or  basins. 

tion.  8.  As  far  as  it  is  possible,  lateral  canals  are  established  in  the  valley  in  which  the 

river  itself  rans,  in  order  to  avoid  any  extreme  differences  of  level  likely  to  require 
the  execution  of  deep  cuttings  or  tunnels,  and  also  in  order  to  have  close  at  hand 
the  means  of  supplying  any  loss  of  water.  Sometimes,  to  effect  this  object,  it  is  neces- 
sary to  embank  a  portion  of  the  bed  of  the  river  itself,  as  the  hills  often  terminate 
abruptly  in  steep  blufis,  washed  at  the  foot  by  the  stream.  Such  a  case  is  met  with 
in  the  lateral  canal  of  the  Tenessec,  in  the  United  States.  When  the  floods  of  such 
rivers  are  of  a  moderate  range,  it  is  desirable  to  make  the  dams  which  separate  the 
canal  from  them  of  a  height  sufficient  to  prevent  their  being  overflowed  ;  otherwise 
the  works  must  be  executed  in  such  a  manner  as  to  resist  the  action  of  the  water 
upon  them,  and  facilities  must  be  provided  for  the  cleansing  of  the  bed. 

log  with  ^*  Necessarily  in  following  the  valleys  of  the  main  stream,  lateral  canals  meet 

ents.  ^ith  all  the  affluents  which  fall  into  it ;  and  these  often  give  rise  to  serious  difficul- 

ties. It  is  easy,  of  course,  to  pas?  small  rills  through  culverts  ;  but  as  these  serve  to 
carry  off  the  natural  drainage  of  the  secondary  valleys,  they  are  in  their  turn  exposed 
to  floods.  Their  free  discharge  in  all  conditions  is  therefore  one  of  the  first  and  mpst 
important  means  of  insuring  the  stability  of  the  canal.  Sometimes  also  a  variation 
in  the  physical  and  geological  character  of  the  country  may  render  it  advisable 
to  change  the  position  of  the  canal  from  one  bank  to  the  other,  thus  adding  to 
difficulties  met  with  in  traversing  an  affluent.  This  is  sometimes,  as  in  the  lateral 
canal  of  the  Loire,  effected  by  making  the  passage  across  the  river  at  the  natural 
^  level  of  the  latter,  and  consequently  exposed  to  all  its  irregularities  ;  or  by  means 
of  an  aqueduct-bridge,  which  may  produce  very  serious  inconvenience  by  damming  up 
the  floods. 

Canals  wUh  a  Summit-Level, 

10.  Artificial  navigable  canals  may  be  regarded  as  roads  upon  which  the  transport 
is  effected  in  still  water,  so  as  to  allow  communication  between  two  valleys  having 
their  own  natural  navigation,  without  forcing  the  boats  to  be  unloaded.  The  objects 
to  be  attained  in  their  execution  are,  — firstly,  that  their  total  length  be  the  least 
possible ;  secondly,  that  the  difference  of  level  in  the  intermediate  distances  be  as 
small,  and  the  number  of  locks  as  few,  as  is  consistent  with  a  due  regard  to 
economy.  The  evaporation,  the  loss  of  water  from  filtrations,  and  the  passage  of  boats 
through  the  locks,  render  necessary  the  execution  of  important  works  to  insure  an 
efficient  supply  of  water.  It  often  haif^ns  that  this  necessity  leads  into  considerable 
expense,  and  causes  a  prolongation  of  the  course  of  the  canal. 

It  has  been  already  observed,  that  the  economical  conditions  of  traction  upon  a 
canal  are,  that  up  to  a  speed  of  3  feet  4  inches  per  second,  the  power,  whether  of  men 
or  of  animals,  is  sixty  times  more  effective  upon  a  canal  than  upon  a  good  road  ;  and 
it  is  about  five  or  six  times  as  efficient  as  upon  a  level  railway.  The  ratio  of  the 
power  diminishes  very  rapidly  as  the  speed  of  movement  through  the  water  increases^ 
VOL.  in.  u 
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at  least  ap  to  a  velocity  of  from  10  to  13  feet  per  feoond.  We  maj  then  SMeri  iluit> 
at  least  with  the  present  form  of  canal-boata,  cazials  are  only  adapted  for  the  eon- 
reyance  of  heavy  cumbrous  articles  which  do  not  require  a  high  apeed.  It  it  also'to 
be  borne  in  mind  that  the  passage  from  one  lock-level  to  another  (an  operation  in  all 
cases  of  from  fifteen  to  twenty  minntes*  doration)  adds  materially  to  the  length  of 
time  occupied  in  the  transit. 

The  remarkable  researches  upon  the  movement  of  boats  at  high  speeds  in  canals, 
began  by  Messrs.  Grahame  and  Fairbaim,  and  so  skilfiilly  oontinned  by  Mr.  Soott 
Bnssell,  have,  as  was  before  said,  thrown  a  fresh  light  upon  the  subject  of  the  resist- 
ance of  water  to  the  movement  of  boats.  The  laws  which  appear  to  regulate  its  action 
may  be  given  in  the  words  of  the  Report  of  the  British  Association  for  the  Advance- 
ment of  Science,  as  follows  : 

'*  The  resistance  of  a  fluid  to  the  motion  of  a  floating  body  will  rapidly  increase  as 
the  velocity  of  the  body  rises  towards  the  velocity  of  the  wave  of  displaeemeni 
caused  by  the  said  motion,  and  it  will  be  greatest  when  the  two  velocities  approach 
equality. 

*'  When  the  velocity  of  the  body  is  rendered  greater  than  that  due  to  the  wave,  the 
motion  of  the  body  is  greatly  facilitated.  It  remains  poised  on  the  summit  of  the 
wave,  in  a  position  which  may  be  one  of  stable  equilibrium  ;  and  this  effeet  is  such 
that  at  a  velocity  of  9  miles  per  hour  the  resistance  is  less  than  at  a  velocity  of  6 
miles  per  hour  behind  the  wave. 

*'  The  velocity  of  the  wave  is  independent  of  the  width  of  the  fluid,  and  varies  with 
the  square  root  of  its  depth. 

**  It  is  established  that  in  every  navigable  stream  there  is  a  velocity  at  which  it 
will  be  more  easy  to  ascend  against  the  current  than  to  descend  with  the  currents 
Thus,  if  the  current  flows  at  the  rate  of  1  mile  per  hour  in  a  stream  4  feet  deep,  it 
will  be  easier  to  ascend  with  a  velocity  of  8  miles  per  hour  on  the  wave  than  to  descend 
with  the  same  velocity  behind  the  wave. 

'*  The  velocity  of  the  wave  of  displacement  is  about  8  miles  per  hour.*' 

It  is  unfortunate  that  the  economical  results  of  the  application  of  the  ingenious 
researches  which  led  to  the  ascertaining  the  above  interesting  facts  should  not  have 
succeeded. 

11.  At  the  present  day  the  rage  for  railways  has  caused  canal  navigation  to  be 
somewhat  neglected.  A  more  efficient  system  of  working  them,  a  rectification  of 
their  course  in  some  cases,  and  an  improvement  in  the  forms  of  the  boats  to  be  em- 
ployed, would  enable  the  public  still  to  derive  extensive  benefit  from  a  class  of  con- 
structions far  too  much  neglected  at  present.  One  vital  error  in  the  management  of 
canals  has  lien  in  the  admission  of  private  persons  to  the  right  of  running  boats  upon 
them.  In  the  hands  of  Companies  able  to  pay  for,  and  whose  interest  it  would  be  to 
make  experiments  to  ascertain  the  poesible  improvements  to  be  introduced  (either 
in  the  mode  of  traction  or  the  form  of  boats),  it  is  nearly  certun  that  the  present 
system  would  very  soon  be  superseded.  As  it  is,  even  the  heavy  traffic  is  leaving  the 
canals,  in  spite  of  the  disproportion  of  the  exercise  of  power  necessary  to  carry  it  upon 
railways. 

The  elements  which  enter  into  the  constitunon  of  the  price  of  carriage  upon  canals 
shew,  indeed,  how  in  various  ways  the  present  organisation  of  their  traflic  acta  un- 
fiivourably  upon  their  beneficial  results.    These  elements  are — 

1st.  The  cost  of  loading  and  unloading,  which  can  never  be  so  economically  done 
on  a  small  as  upon  a  large  scale. 

2ndly.  The  cost  of  transit,  including  the  first  cost  and  the  subsequent  wear  and  tear 
of  boats  and  horses,  and  the  expenses  of  the  crews. 
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Srdly.  The  tolls,  or  the  payment  necessary  to  cover  the  interest  upon  the  capital 
employed  in  the  original  construction  of  the  canal,  and  the  annual  sums  expended  for 
its  maintenance. 

4thly.  Any  government  tax,  insurance,  risk,  &c. 

Now  all  these  elements  would  be  susceptible  of  diminution,  if  the  whole  traffic  were 
concentrated  in  the  hands  of  the  Companies.  The  public  would  also  gain  by  such  a 
ooune,  for  it  would  enable  canals  to  compete  more  favourably  with  railways,  and  thus 
to  break  down  the  monopoly  the  latter  are  arriving  at. 

Some  canals  with  a  summit-level  are  so  sitaated  that  the  fall  is  entirely  in  one 
direction,  as,  for  instance,  most  of  the  canals  in  Belgium,  and  that  from  Aries  to 
Bouc.  The  remainder  have  Mis  on  both  sides  from  the  summit,  and  they  thus  traverse 
the  mountain  chains  which  divide  the  respective  valleys  between  their  points  of  arrival 
and  departure.  Sach  are  the  Canal  of  Languedoc,  (the  first  work  of  the  kind  executed 
in  Burope,)  and  the  greater  number  of  the  canals  executed  in  France,  England,  Ger- 
many,  and  the  United  States.  The  first  description  may  be  considered  as  constituting 
canals  with  only  one  branch  ;  the  second  are  canals  with  a  basin  at  the  summit 'level, 
and  branches  descending  from  it  on  both  sides. 
9  of  12.  When  it  is  desired  to  construct  a  canal  between  any  two  particular  points,  it 

^^^  is  advisable  first  to  examine  with  great  care  the  nature  of  the  intermediate  country, 

and  to  ascertain  whether  there  be  any  points,  even  within  a  tolerably  wide  range, 
whose  natural  productions  are  of  sufficient  value  to  require  a  deviation  in  the  course 
of  the  canal  to  insure  their  passage  over  it.  The  situation  of  all  the  mines,  quarries, 
important  fiictories,  or  large  centres  of  consumption,  must  be  noted,  as  upon  them 
the  advantageous  results  of  the  undertaking  will  mainly  depend.  Trial  levels  and 
cross-sections  of  the  country  through  the  different  routes  which  appear  suitable,  must 
be  taken,  to  ascertain  the  nature  and  quantity  of  work  to  be  executed,  whether  of 
catting,  tunnel,  or  embankment.  The  various  springs  and  water-courses  must  be 
noted,  and  the  actual  uses  to  which  they  are  applied  carefully  considered.  In 
densely  peopled  and  highly  civilized  countries,  like  our  own,  we  often  find  indeed 
that  more  difficulty  and  expense  arise  from  interference  with  the  waters  of  ornamental 
gardens,  than  from  streams  more  usefully  employed.  In  new  countries  and  the 
colonies,  the  use  of  water  privileges  complicates  the  questions  connected  with  the 
diversion  of,  or  interference  with,  streams.  The  main  object  being,  however,  to  put 
the  two  extreme  points  in  communication,  it  is  essential  that  the  route  chosen  be  as 
short  as  possible,  without  losing  sight  of  any  collateral  traffic,  or  Incurring  needless 
expense. 
lit-LeveL  13.  In  case  the  country  to  be  traversed  should  be  of  a  very  irregular  nature,  one  of 
the  most  important  questions  to  be  solved  is  the  position  of  the  summit-level.  This 
must  be  placed  as  low  as  possible,  for  the  double  reason  of  obriating  the  necessity  for 
many  locks,  and  in  order  to  insure  the  most  perfect  supply  of  water. 

Occasionally,  but  very  rarely,  the  point  most  fitted  for  the  summit-level  is  found 
to  be  the  position  occupied  by  a  lake  or  pond  of  sufficient  importance  to  supply  the 
lower  portions  of  the  canal.  The  pond  of  Longpendu  is  an  instance  of  this  remark- 
able geological  formation.  It  pours  its  waters  into  the  Loire  on  one  side,  by  a  little 
river  called  the  Bourbince,  and  into  the  Saone,  on  the  other,  by  the  Heune.  The 
pond  of  Cony  is  also  in  an  analogous  position,  for  it  communicates  on  the  one  side 
with  the  Moselle,  by  the  Niche,  and  on  the  other  with  the  Saone.  Such  natural 
indications  of  the  route  are,  however,  quite  exceptional,  and  it  much  more  often 
happens  that  the  central  ridge  of  the  chain  to  be  passed  is  obliged  to  be  traversed  in 
tunnel. 

More  than  ordinary  care  must  be  taken  to  ascertain  exactly  the  sources  of  supply  of 
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^ater  to  the  sanmiit-leTel,  and  to  proportion  it  exactly  to  the  wants  of  the  navigation. 
All  the  streams  which  can  be  brought  into  it  must  be  carefully  ganged  in  evexj  stett 
of  the  temperature  or  of  the  year,  and  the  geological  constitnUon  of  the  ndlghbonzing 
country  examined,  to  ascertain  whether  it  be  possible  to  secure  a  supply  of  water  from 
wells.  The  quantity  of  water  to  be  furnished  by  the  summit-leTel  must  depend  upon 
the  length  of  canal  to  be  fed  by  it, — the  length,  breadth,  and  height  of  the  loeks^ — 
and  the  number  of  boats  to  be  passed  in  both  directions.  In  case  the  probable  supply 
of  water  be  exposed  to  occasional  interruptions,  or  be  deficient  in  quantity,  it  may  ba 
advisable  to  substitute  inclined  planes  for  locks,  or  it  may  be  neoessaiy  to  follow  the 
system  employed  on  some  of  the  American  canals,  of  substituting  a  railway  for  a  oni- 
siderable  distance. 

la  the  branches  from  the  summit-level  it  is  desirable  that  as  long  reaches  of  1ml 
canal  as  possible  should  be  constructed,  to  admit  of  the  concentration  of  locks.  On 
some  canals,  where  two  or  more  locks  have  been  constructed  dose  to  one  anotlieiv 
the  Companies  have  placed  a  man  specially  charged  to  keep  them  in  order ;  andiHwn 
they  have  been  detached,  the  damage  done  to  the  locks  has  often  forced  them  to  ereei 
a  lock-house  for  the  service  of  a  single  one. 
Bimensionfl  of  1^-  The  dimensions  to  be  given  to  a  canal  require  also  very  mature  oonsideEatioii, 
^^*'^^*  especially  when  the  total  development  of  the  inland  navigation  is  considerable.    In 

all  countries  but  England,  the  tendency  of  the  river  navigation  is  to  emjdoy  a  laiiger 
and  deeper  kind  of  boat  than  was  employed  before  the  works  for  the  improvemeni 
of  rivers  were  effected.  Our  own  large  tidal  rivers,  however,  as  was  said  before, 
place  us  in  an  entirely  exceptionable  position.  Sea-going  vessels  come  so  for  inland 
that  it  ia  not  necessary  to  send  our  canal-boats  to  sea.  Our  mode  of  working  oanala 
also  renders  it  preferable  to  use  a  boat  able  to  be  drawn  at  a  small  expenae  and 
worked  with  few  hands.  Mr.  Chapman  observes  that  **  the  system  of  small  eanab  !• 
peculiarly  eligible  for  countries  where  limestone,  coal,  iron  ore^  lead,  and  oHmt 
ponderous  articles  not  liable  to  damage  from  being  wet,  or  likely  to  be  stolen,  ara  the 
chief  objects  to  be  attended  to  ;  and  where  the  declivity  of  the  country  runstransvenely 
to  the  course  of  the  canal,  which  will  generally  be  the  case  along  the  sides  of  moon- 
tains,  at  an  elevation  above  the  irregular  ground  at  their  feet.'*  But  we  must  not 
forget  that  both  theoretically  and  practically  the  conditions  of  movement  through  n 
small  canal  are  less  advantageous  than  when  it  takes  place  through  a  wide  one. 
The  section  of  the  boat  in  the  former  bears  a  greater  proportion  to  the  water  ■eotioaa 
than  in  the  latter,  even  when  small  boats  are  used.  The  resistance  of  the  water  St 
consequentiy  greater. 

On  the  Eh6ne,  the  barges  in  use  carry  75  tons;  on  the  lower  Seine,  between  Fkris 
and  Havre,  they  are,  as  already  mentioned,  sometimes  as  much  as  from  500  to  600 
tons  burthen  ;  on  the  Mouse,  barges  are  employed  of  250  tons  burthen,  drawing  4 
feet  of  water.  The  steamers  which  navigate  those  parts  of  the  Tenessee  formed  bj 
canals  are  of  120  tons  burthen,  with  a  draught  of  water  of  5  feet.  The  limits  of  tiM 
size  of  the  boats  are  not  finally  determined ;  and  the  inference  to  be  drawn  frem 
the  above  foots  is,  that  in  the  future  development  of  commeroe  it  ia  d^i^in^t^i^^  |o 
make  a  canal  as  wide  as  possible,  in  accordance  with  motives  of  economy  and  the 
supply  of  water. 

On  some  of  the  French  canals  the  width  was  setUed  without  any  reference  to  the 
dimension  of  the  boats  frequenting  the  rivers  thus  put  into  communieation.  The 
consequence  was  that  goods  were  necessarily  transhipped  at  both  ends  of  the  flaaal 
at  an  enormous  expense.  The  Administration  of  Public  Works  in  that  ooontiyi  to 
avoid  a  recurrenoe  of  this  blunder,  have  adopted,  since  the  year  1822,  the  foUowiag 
dimensions  : 
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Caiutls  for  *  grande  nayigation '  are  made  33  feet  4  inches  wide  upon  the  floor- 
line,  and  49  feet  6  inches  upon  the  water-line,  by  5  feet  5  inches  depth  of  water. 
The  locks  are  106  feet  8  inches  long  by  about  17  feet  wide ;  the  towing-paths  13 
feet  wide. 

Canals  for  *  petite  nayigation '  are  made  only  33  feet  4  inches  wide  upon  the  water- 
line,  and  22  feet  on  the  floor,  with  a  depth  of  water  of  5  feet.  The  locks  are  100  feet 
long  by  9  feet  1  inch  wide.    The  Canal  de  Berri  is  of  this  dass. 

Some  of  the  French  canals  for  steam  navigation  haye  locks  from  26  to  40  feet  wide, 
and  of  lengths  between  150  and  283  feet  in  clear  of  the  gates. 

In  England,  no  yery  definite  rule  appears  to  haye  been  followed  in  fixing  the  dimen- 
sions of  canals.  Those  executed  for  the  important  internal  lines  yary  from  31  to  48 
feet  upon  the  water-line,  with  an  ayerage  depth  of  aboye  5  feet.  The  locks  are 
generally  70  feet  in  length  by  firom  14  feet  6  inches  to  18  feet  wide.  Small  canals, 
in  the  mining  districts,  haye  in  some  cases  been  executed  with  a  width  of  not  more 
than  16  feet  upon  the  water-line,  and  they  range  from  that  to  28  feet.  The  locks  are 
made  of  the  same  length  as  for  large  canals,  but  of  only  half  the  width. 

Ship  canals  haye  been  made  of  much  larger  dimensions,  such,  for  instance,  as  the 
Caledonian  Canal,  which  has  in  parts  122  feet  upon  the  water-line,  with  a  depth  of 
20  feet.  The  Gloucester  and  Berkeley  Canal  has  a  water-line  of  70  feet,  and  a  depth 
of  18  feet.  The  Thames  and  Medway  had  a  width  of  50  feet  by  a  depth  of  7  feet  ; 
the  Ulyerstone,  65  feet  by  15  feet ;  the  locks,  of  course,  being  in  proportion  to  the 
sixe  of  the  canals. 

In  the  United  States,  the  same  irregularity  occurs  in  the  dimensions  of  canals  as  in 
onr  own  country.  Two  extreme  cases  of  ordinary  works  may  be  cited,  in  the  Erie 
and  the  Morris  canals.  The  first  is  70  feet  wide  on  the  water-line  by  7  feet  deep ; 
the  second  is  32  feet  wide  by  4  feet.  The  lateral  canal  of  the  St.  Lawrence  is  in  some 
parts  as  much  as  150  feet  wile,  and  occasionally  as  much  as  10  feet  deep.  All  such 
ship  canals  are,  howeyer,  executed  in  situations  where  an  unlimited  supply  of  water  ia 
to  be  found. 
'Of Water.  15.  The  dimensions  of  the  canal  being  once  settled,  it  becomes  necessary  to  deter- 
mine the  positions  and  dimensions  of  the  reseryoirs  and  feeders.  The  consumption  of 
water  arises  from  seyeral  causes ;  some  of  which  are  regulated  by  the  activity  of  the 
traffic, — some  of  them  are  independent  of  it. 

The  causes  of  loss,  independent  of  the  nayigation,  are — firstly,  the  eyaporation ; 
secondly,  the  filtration ;  thirdly,  the  escape  through  the  defectiye  parts  of  locks  or 
other  works ;  and  fourthly,  the  loss  occasioned  by  filling  the  whole  canal  after  the 
waters  haye  been  let  out  for  the  purpose  of  repairs. 

The  causes  of  consumption  of  water,  dependent  upon  the  nayigation,  are — the  loss 
occasioned  by  lockage,  and  the  quantities  of  water  it  is  often  necessary  to  bring  down 
from  the  upper  leyels  to  compensate  for  the  deficiencies  caused  by  the  too  sudden 
affluence  of  boats  to  the  lower  ones, 
ation.  16.  The  loss  of  water  by  evaporation  is  greater  in  proportion  to  the  surface  exposed 

and  the  nature  of  the  canal.  It  varies  with  every  position,  and,  in  the  same  country, 
with  the  seasons,  according  to  the  difiierent  hygrometric  states  of  the  air,  the  prevail- 
ing winds,  and  the  extremes  of  heat  or  cold.  The  quantity  of  rain  which  falls  upon, 
or  may  run  into^  the  canal,  must  be  deducted, — but  these  are  very  variable.  In 
warm  latitudes  showers  are  rare,  and  although  they  are  sometimes  excessive,  they  are 
of  little  importance  as  far  as  they  afiect  the  supply  of  a  canal,  which  requires,  above 
all  things,  an  uniformity  of  level  upon  its  water-line.  In  the  temperate  latitudes  of 
Europe,  the  mean  fall  of  rain  may  be  taken  at  2  feet  per  annum,  and  the  evaporation 
at  firom  4  to  5  feet^  in  districts  through  which  canals  usually  pass.    The  daily  loss 
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nnder  raefa  circnmitanees  i%  then,  about  from  |i^  to  J^  of  an  iaek  per  daj,  on  the 
arerage.  In  the  fummer,  howerer,  the  erapoiation  ia  great  witlioat  any  cam- 
peniaUoD,  and  in  gnch  periods  it  maybe  neeenary  eren  to  raVmlate  wptm  a  Ion  of  not 
less  than  4  inches  in  the  twenty-fonr  hoars.  Allowanees  for  the  waste  of  water  fraoi 
this  canse  must  be  calculated,  and  also  that  upon  the  loeks^  leacifuirs,  and  feeders 
of  canals. 

The  loss  from  filtration  must  dei>end  upon  the  nature  of  the  strata  trarereed  aud 
of  the  materials  used  to  form  the  bed  of  the  canaL  When  these  are  homogmeoas, 
the  rat«  of  filtration  depends  upon  the  sur&ee  wetted,  the  depth  of  the  water,  the 
extent  of  the  permeable  strata  at  the  bottom,  and  upon  their  degree  of  sataratioo. 
The  amount  of  lose  from  this  cause  usually  Taries  from  one-half  to  as  mudi  as  twiee 
that  from  eraporation.  Instances  have  been  known  in  which  all  the  water  of  a  canal 
has  disappeared  in  twenty-four  hours  ;  in  other  cases  the  depth  of  water  lost  has  been 
no  leas  than  2  feet  8  inches  in  that  time,  eren  after  the  canal  had  been  in  use  for 
fifteen  years ;  in  others  the  narigation  has  been  suspended  for  the  greakert  part  of  the 
year.  When  such  serious  losses  do  occur,  the  best  remedy  appears  to  be  to  line  tlM 
bottom  of  the  canal  with  a  bed  of  concrete  executed  in  hydraulic  lime.  Puddling  ia 
but  an  inferior  substitute,  for  the  day  of  which  it  is  mably  oomposed  ia  liable  to 
shrink  and  crack  with  great  heats,  and  thus  takes  on  itself  the  aotion  it  was  intro- 
duced to  remedy.  On  the  Canal  St.  Quentb,  where  the  filtration  took  place  to  aueh 
an  extent  as  to  render  nayigation  impossible  during  eight  months  of  the  year,  concrete 
was  introduced  in  the  manner  shewn  in  the  following  sketches ;  a  small  step  hemg 
formed  in  the  angle  to  preyent  the  clay  lining  from  slipping.  In  ordinary  caaea  an 
allowance  for  filtration  of  2  inches  per  24  hours  may  be  considered  as  ample ;  but  it 
must  be  observed,  that  the  first  time  water  is  turned  on,  eren  upon  a  water-tight  bed, 
the  lerel  will  fall  at  least  4  inches  in  the  24  hours ;  and  this  loss  will  be  repeated 
crery  time  the  canal  is  laid  dry  for  repairs. 


Fig.  1. 


Canal  St.  Quenthi. 

Loss  from  Leeks.  17.  The  defectiye  execution  of  lock-gates  giyes  rise  to  a  yery  serious  loss  of  water. 
Even  when  they  are  new,  the  weight  of  water  in  the  upper  basin  forces  the  water 
through  the  meetings  of  the  heel  and  mitre  posts.  After  some  years*  wear  this  neoes- 
sarily  Augments,  and  attains  sometimes  such  importance  as  to  give  rise  to  a  loss  of 
not  less  than  10,000  feet  cube  per  24  hours  from  one  lock.  In  order  to  be  sure  of  a 
constant  supply  of  water,  it  is  advisable  to  establish  the  reservoirs,  with  a  view  to 
prevent  such  a  loss. 
Lois  frotu  clean-  ^S*  ^^  loss  of  water  occasioned  by  the  repairing  and  cleansing  the  beds  of  canals 
togthoBwlofa  depends  greatly  upon  the  length  of  time  during  which  they  are  left  dry.  Every 
reason,  economical  or  sanitary,  requires  that  this  should  be  as  short  as  possible ;  for 
not  only  is  the  navigation  suspended  during  these  operations,  but  also  there  are 
dangerous  exhalations  from  the  slimy  bed,  and  at  the  same  time  the  latter  is  exposed 
to  crack,  to  shrink,  and  dry,  in  proportion  to  the  time  it  is  hud  bare.  Under  the 
most  favourable  circumstances,  as  explained  in  the  hist  paragraph,  there  must  be  a 
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great  loss  from  the  new  filtrationB.  A  Baviog  of  water  may  sometimes  be  effected  by 
cleansing  one  bay  or  basin  at  a  time,  working  upwards ;  so  that  the  immediate 
loss  may  nearly  be  confined  to  the  contents  of  the  longest  basin,  with  the  filtrations  in 
addition. 

jr  Lockage.  19.  The  loss  occasioned  by  the  passage  of  boats  through  the  locks  must  depend  not 
only  upon  their  number,  but  upon  their  proximity  to  one  another,  and  also  upon 
the  relatire  directions  in  which  the  navigation  takes  place.  A  tole^ly  accurate 
estimate  may  be  formed  upon  the  supposition  that  every  passage  through  a  lock  of 
the  ordinary  dimensions  of  large  canals  will  require  nearly  18,000  cubic  feet  of  water. 
This  quantity  is  far  more  than  is  absolutely  necessary  to  restore  the  level  in  case 
of  passage,  but  there  is  always  a  waste  from  the  defects  of  the  gates  or  firom  careless- 
ness of  the  lock-men,  which  renders  it  advisable  to  count  upon  double  the  quantity 
absolutely  required. 

When  numerous  boats  remain  in  a  canal,  they  give  rise  to  a  displacement  of  water 
which  can  only  be  compensated  for  by  a  supply  from  the  upper  levels.  The  quantity 
necessary  to  establish  this  compensation  has  been  taken  at  ^\h  of  tiiat  required  for 
the  passage  of  the  locks. 

roirs.  20.  The  dimensions  of  the  reservoirs  must  be  calculated  so  as  to  meet  all  the  future 

possible  requirements  of  the  navigation.  The  upper  basin,  or  summit-level,  should 
itself  be  established  in  such  a  position  as  to  act  to  a  certain  extent  as  a  reservoir,  and 
consequently  occupy  the  lowest  position  in  the  mountain  range.  But  there  is  often 
an  inconvenience  in  deriving  all  the  supply  from  one  source,  namely,  that  the  water 
is  likely  to  attain  a  velocity  susceptible  of  injuring  the  works,  or  at  any  rate  of 
retarding  the  navigation.  Artificial  reservoirs,  wherever  placed,  present  great  advan- 
tages over  the  irregular  supplies  frt>m  springs  or  streams,  as  it  is  easy  to  regulate  the 
flow  from  them  in  such  a  manner  as  to  maintain  a  constant  level  in  the  canal ;  whereas 
streams  furnish  occasionally  ten  times  as  much  as  at  others,  and  are  often  exposed 
to  periods  of  perfect  drought. 

ion  of  21.  The  preceding  calculations  of  the  loss  of  water,  &c.,  suppose  that  the  Engineer 

has  already  traced  out,  provisionally,  the  dii'ection  to  be  followed  by  the  canal,  so  as 
to  form  an  approximate  estimate  of  the  length  and  the  number  of  locks  to  be 
constructed.  Having  also  ascertained  the  probable  supply  of  water,  the  definitive 
line  must  be  chosen.  In  leaving  the  summit-level,  the  two  descending  branches 
follow  the  valleys  of  the  water-courses  which  determined  the  position  of  that  point. 
If  it  be  possible,  that  side  of  the  valley  should  be  chosen  which  presents  the  fewest 
affluents  and  is  the  least  intersected  by  common  roads  ;  bearing  always  in  mind  that 
circumstances  may  arise  in  which  it  is  desirable  to  use  the  secondary  streams  as 
feeders  for  the  canal. 

Bocky  soils  are  the  most  favourable  for  the  foundations  of  locks,  bridges,  or  such 
works ;  but  they  render  the  earthworks  very  expensive.  If  they  be  of  a  porous  or 
fissured  nature,  they  are  likely  to  cause  dangerous  filtrations.  Schistose  rocks 
decompose  under  the  combined  actions  of  air,  water,  and  frost ;  and  then  they  pass 
into  a  soft  mud.  If  the  soil  be  clayey,  it  will  be  sufficiently  solid  for  the  foundations 
of  the  locks,  and  it  will  be  well  adapted  to  retain  water,  and  easily  excavated ;  but  if 
the  beds  be  inclined,  or  if  springs  filter  through  at  any  intermediate  height,  such  clay 
soils  are  exposed  to  dangerous  land-slips,  certainly  the  most  serious  difficulty  to  be 
met  with  in  the  execution  of  engineering  works. 

Whenever  it  becomes  necessary  to  pass  from  one  side  of  a  valley  to  another,  the 
position  must  be  chosen  so  that  the  passage  be  as  short  as  x)03sible,  and  that  the 
land  upon  the  banks  of  the  canal  present  sufficient  solidity.  The  curves  by  which 
the  junctions  between  the  changes  of  direction  of  the  course  of  a  canal  are  effected 
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must  be  made  as  easy  and  of  as  large  a  radiiu  as  is  oonyenient.    They  must  at  least 
be  such  as  to  allow  two  boats  to  pass  one  another  easily. 

In  all  ciTilized  countries  many  difficulties  arise  from  the  complicated  relations  of 
property,  which  render  it  impossible  to  carry  out  the  works  in  the  most  desirable 
directions.  Too  much  care  and  pains  cannot,  thereforci  be  bestowed  upon  the  pre- 
liminary  investigations  of  the  country  to  be  traversed.  Maps  must  be  made,  indicating 
the  bounda A  of  every  parish  and  township,  what  counties  the  canal  is  intended  to 
traverse,  the  proper  names  of  the  owners  and  occupiers  of  the  land.  All  the  public 
and  private  roads,  paths,  or  communications  which  exist  in  the  direction  to  be 
followed  ;  all  brooks  or  streams,  and  p|^ticularly  such  as  lead  to  or  supply  a  mill ; 
the  situation  of  any  houses,  villages,  or  towns,  upon  the  line,  and  even  within  some 
miles  of  the  intended  canal,  require  to  be  carefully  ascertained  with  the  greatest 
accuracy. 
Position  of  Locks  22.  A  complete  plan  of  the  line  being  made,  indicating  all  the  lateral  cuts, 
md  Bridges.  branches,  feeders,  and  reservoirs,  the  precise  position  of  the  locks,  bridges,  and 
culverts  must  be  definitively  arranged.  Those  of  the  locks  will,  to  a  certain  extent, 
be  regulated  solely  by  the  nature  of  the  ground,  and  should  be  chosen  at  the  bends  in 
plan,  or  at  the  points  where  the  natural  level  of  the  country  changes  rapidly ;  and 
it  is  desirable  that  the  positions  of  locks  coincide  with  those  of  the  bridges.  In  such 
cases  there  is  a  considerable  saving  of  masonry  effected  by  making  the  wing-waUs 
of  the  locks  serve  as  foundations  for  the  abutments  of  the  bridges.  At  the  inter- 
mediate positions,  bridges  must  be  erected  so  as  to  cause  as  little  derangement 
of  the  existing  traffic  as  possible.  The  dimensions  of  culverts  must  be  sufficient  for 
the  discharge  of  any  floods  likely  to  occur  in  the  secondary  valleys :  at  times  they 
may  be  obviated  by  means  of  new  channels  opened  to  concentrate  the  flow  of  several 
small  streams  into  one,  situated  in  a  more  favourable  position  for  the  establishment  of 
a  new  outfall. 

The  proportions  of  locks  per  mile  of  canal  is  necessarily  very  variable.  A  table 
is  subjoined  of  that  which  is  foimd  to  exist  upon  some  of  the  most  important 
canals  in  our  own  country,  in  France,  and  in  America.  It  is,  however,  only  given  as 
an  approximation,  and  as  a  means  of  comparing  the  probable  results  to  be  obtained 
from  any  new  work  of  the  kind.  There  is  one  lock  in  a  distance  varying  upon  the 
several  canals  as  follows  : 


ENGLAHD. 

On  the  Rochdale 

one  lock  in 

,    .     0-88  miles  English. 

Mersey  and  Irwell 

.     0  60 

Grand  Junction 

.     0-65 

Thames  and  Severn 

.     .     0-67 

Kennet  and  Avon 

.     .     0-88 

Forth  and  Clyde 

.     .    1-08 

Birmingham  and  Liverpool    „ 

.     1-08 

Birmingham 

>»              < 

.     .     1-10 

Grand  Trunk 

>» 

.     1-25 

Leeds  and  Liverx>ool 

FRANCE. 

.     .     1-43 

On  the  Canal  du  Nivenuus, 

one  lock  in 

,    •     0*66  miles  English. 

,,      de  Bourgogne 

>>             • 

.     0-80 

>> 

,,      du  Rhin 

f»              < 

.     .     0-87 

f) 

„      du  Centre 

»t 

.    .    0-87 

ft 
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On  the  Canal  da  Hant  Bhin  one  lock  in^ 

.     .     0*98  miles  English. 

yi     de  Berri                    ,, 

.     .     1-28      „ 

„      de  rille  et  Bance     ,, 

.     .     1*64      „ 

,,      duMidi                    ,, 

.     .    1-89      „ 

,,      deSt.  Quentin         ,, 

.     .    2-12      „ 

On  ihe  canal  from  the  Rh6ne  to  the  Rhine  a  lock  oocors  in  every  distance  of  1  '81 
of  an  English  mile. 

In  America^  npon  the  Erie  Canal,  one  lock  oocors  in  eyery  distance  of  4 '36  miles ; 
on  the  Chesapeake  Canal,  one  in  a  distance  of  4*61  miles. 
)lford  on  23.  Telford  laid  great  stress  npon  the  necessity  which  existed  for  a  series  of  inyes- 

irings.  tigations  into  the  nature  of  the  substrata  and  the  heights  to  which  land-springs  might 

rise.  He  cautioned  Engineers,  very  properly,  against  a  dangerous  error  that  the 
latter  may  become  available  for  the  supply  of  the  canal.  It  often  happens,  as  he  justly 
observes,  that  such  springs,  from  having  a  variety  of  other  vents  or  outlets  at,  or 
very  near  to,  the  same  level,  are  incapable  of  being  dammed  or  raised  higher  than 
they  were  before.  When  the  canal  is  filled  with  water  to  a  higher  level,  the 
course  of  such  springs  can  be  reversed,  and  the  porous  strata,  through  which  they 
passed,  may  serve  to  absorb  and  discharge  the  water  at  other  places  to  a  very  fatal 
extent,  land-springs,  or  such  as  run  only  in  winter,  have  generally  the  same  effect, 
and  in  summer  as  copiously  take  in  water,  when  their  own  source  fails,  as  they  before 
discharged  it. 

After  all  these  preliminary  investigations  have  been  made,  it  will  be  necessary  to 
revise  the  whole  plans,  in  order  to  secure  an  equalization  between  the  cuttings  and 
embankments  ;  to  ascertain  that  the  locks,  bridges,  and  other  works  are  placed  in  the 
most  advantageous  positions  ;  and  that  the  curves  as  well  as  the  general  direction  of 
the  canal  are  of  the  most  favourable  nature.  The  preliminary  estimates  will  have  to 
be  based  upon  the  results  of  this  last  and  definitive  plan. 

Execution  of  Works  upon  Canah. 

24.  Earthtoorkt. — When  the  works  are  really  to  be  commenced,  the  resident 
Engineer  must  proceed  to  trace  accurately  the  levels  of  the  different  ponds  or  reaches 
of  the  canal,  and  to  put  in  level-pegs,  more  or  less,  according  as  the  ground  is  more 
or  less  undulating  as  he  proceeds.  In  canal,  as  in  rtdlroad  earthworks,  the  great 
object  to  be  attained  is,  that  the  stuff  dug  from  one  part  of  the  work  shall,  with  the 
least  labour  or  distance  of  moving,  exactly  supply  or  form  the  banks  that  are  to  be 
raised  in  another ;  so  that  upon  the  completion  of  the  works  no  spoil-banks,  or  heaps 
of  useless  soil,  shall  remain,  or  any  ground  be  unnecessarily  rendered  unfit  for  culti- 
vation by  the  excavations  or  pits  of  the  side-cuttings.  Six  different  cases  will  be 
ound  to  occur  in  the  cutting  or  forming  of  a  canal,  as  in  the  accompanying  sketches ; 
the  main  principles,  to  be  observed  in  all,  being  to  economize  the  removal  and  trans-' 
port,  to  a  distance,  of  material ;  and  in  cases  where  deep  cutting  occurs,  to  make  a 
berm  which  shall  prevent  the  disintegrated  portions  of  the  rocks  on  the  upper  side 
from  falling  into  the  canal :  any  streams  likely  to  fall  into  it  from  the  upper  lands 
must  also  be  intercepted  if  they  be  likely  to  bring  down  any  alluvial  matters. 

The  Engineer  will  find  abundant  instances  of  diagrams  4,  7,  and  8,  in  all  their 
degrees,  and  in  which  there  will  be  either  a  want  of  stuff  to  form  the  banks,  as  in  7, 
or  a  redundancy  from  the^deeper  cuttbg,  as  in  4 ;  and  the  perfection  of  his  skill,  will 
be  shewn  in  so  conducting  the  line  that  every  embankment  (as  at  7)  shall  have  deep 
cutting  at  both,  or,  at  least,  one  of  its  ends,  to  furnish  the  exti-a  stuff  with  the  least 
expense  in  moving  it.    In  like  manner,  every  deep  cutting  (as  at  4)  should  have 
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embankments  at  one  or  both  of  its  ends,  to  remye  the  extra  staff.    In  practice,  an 
infinite  yariety  of  sucli  cases  will  occur,  rendering  necessary  great  slull  on  the  part  of 


Fig.  3. 


LtVEL  curriNO 


Fig  4. 


DEEP  CUTTINO 


Fig.  5. 


Fig  C. 


SIDE  LYING  CROUNO 


h//''//^/v<ff"" -j' 


^ii>i»" 


S2«A^A};> 


Fig.  7. 


Fig.  8. 


EMBANKMCNTt 


the  Engineer  in  laying  oat  the  line  so  as  to  balance  the  amoants  of  his  earthwork, 
and  to  avoid  inconyenient  sharp  carves,  sach  as  Telford  so  strongly  eensares,  in  nuuiy 
English  canals. 

The  first  operation  in  staking-oat  the  ground  will  consist  in  tracing  the  oatside  line 
to  be  followed  by  the  cutting  or  embankment  when  completed ;  and  subseqaently  in 
staking-out  the  centre  line.  The  positions  of  the  different  works  to  be  erected  most 
then  be  indicated,  and  provision  made  to  secure,  in  one  case  the  earth  neoetsaiy  to 
back  up  the  bridges  or  locks,  and,  in  the  other,  to  widen  cub  the  banks  when  it  be- 
comes necessary  to  erect  a  toll-house,  warehouse,  or  other  building. 

In  narrow  canals,  or  branches  of  that  description,  wider  places  most  be  provided  at 
intervals,  to  allow  the  barges  to  turn  and  to  lie  in  whilst  others  pass  them.  These 
must  be  so  situated  that  bargemen  can  mutually  see  each  other  approaching,  and  be 
able  to  pass  one  another  without  being  obliged  to  drag  their  boats  back  again  to  a 
passing-place.  At  the  same  time  they  should  be  chosen  in  such  low  podtions  as  will 
admit  of  widening  the  canal  without  much  extra  expense. 

When  the  line  is  staked-out,  the  foundations  of  the  locks  and  bridges  should  be 
immediately  put  in ;  the  several  drains  and  culverts  executed  as  rapidly  as  is  con- 
sistent ;  any  water-pipes  for  the  supply  of  neighbouring  properties  laid  down  at  such 
depths  as  to  preclude  any  possibility  of  their  injuriously  acting  upon  the  canal.  The 
vegetable  soil  should  also  be  carefully  removed  from  the  whole  sur&oe  of  the  ground. 

25.  Telford,  and  perhaps  the  bulk  of  our  Engineers  at  the  present  day,  attached 
very  great  importance  to  the  study  of  the  means  of  rendering  canals  impermeable  by 
means  of  puddle ;  and  they  consequently  devoted  much  attention  to  ascertaining 
whether  materials  fit  for  the  purpose  were  to  be  obtained  easily.  The  introduction 
of  the  use  of  concrete  made  of  hydraulic  lime  has  simplified  the  qaestion  in  many 
cases ;  for  its  expense,  although  considerably  greater  in  the  first  instance^  is  more 
than  compensated  for  by  the  economy  it  introduces  by  effectually  stopping  filtrations. 
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The  erentiud  saying,  In  coontries  at  least  where  lime  is  at  a  reasonable  price  (eyery 
lime  being  susceptible  of  becoming  hydranlic  to  any  required  degree  of  energy),  is, 
hoveyer,  decisiye  upon  the  question.    Yet  in  countries  like  Holland,  and  in  some  of 
our  own  Colonies,  the  use  of  puddle  may  still  be  necessary.    Puddle  consists  of  day 
reduced  to  a  semi-fluid  state  by  working  and  chopping  it  about  with  a  spade^  while 
water  just  in  tiie  proper  quantity  is  added,  to  render  the  mass  homogeneous,  and  so 
much  condensed  that  water  cannot  afterwards  pass  through  it,  or  only  so  pass  yery 
slowly.     The  best  puddling  stuff  is  rather  a  lightish  loam,  with  a  mixture  of  coarse 
sand  or  fine  grayel  in  it :  yery  strong  clay  is  unfit  for  the  purpose,  on  account  of  the 
great  quantity  of  water  it  will  hold,  and  its  disposition  to  shrink  and  crack  as  this 
escapes.     Vegetable  mould  or  top-soil  is  yery  improper,  on  account  of  the  roots  and 
other  matters  liable  to  decay  and  leaye  cayities  in  it,  but  more  on  account  of  the 
temptation  that  these  afford  to  worms  and  moles  to  work  into  it  in  search  of  their  food. 
Where  puddling  stuff  is  not  to  be  met  with  containing  a  due  mixture  of  sharp  sand  or 
rough  small  grayel  stones,  it  is  not  unusual  to  procure  such  to  mix  with  the  loam  to 
preyent  moles  and  rats  from  working  in  it ;  but  no  stones  larger  than  about  the  use 
of  musket-balls  ought  to  be  admitted.     Telford  states  that  the  operation  of  chopping 
up  and  beating  the  puddle  consolidates  it  to  such  an  extent^  that  it  only  occupies  two- 
thirds  of  its  original  bulk ;   and  that  the  commonly  recdyed  opnion  in  his  day, 
that  the  first  coat  should  be  allowed  to  dry  before  the  second  and  sacceeding  ones 
were  applied,  was  not  founded  upon  any  rational  grounds.    Whateyer  be  the  expense 
of  rendering  canals  impermeable^  it  is  neyerthelee^f  so  eyidently  the  interest  of  all 
parties  connected  with  them,  either  as  shareholders  or  neighbours,  that  they  be  ren- 
dered so,  that  it  is  to  be  desired  some  stringent  legislatiye  enactments  were  enforced  to 
insure  their  fulfilling  the  aboye  condition. 

Obser^Uons  to       26.  In  England  and  in  the  United  States  the  execution  of  large  public  works  is 

bo  made  upon  o    «- 

execution  of        generally  carried  out  by  contractors,  who  undertake  the  whole  or  portions  of  tiie 

works.  work.    In  France  and  Germany,  howeyer,  and  doubtlessly  in  our  own  East  Indian 

and  other  Colonies,  that  useful  class  can  hardly  be  said  to  exist ;  at  any  rate,  it  is 
yery  difi&cult  to  find  contractors  i>08se88ing  the  capital  and  skill  required  to  carry  on 
works  according  to  English  practice.  Under  these  circumstances,  the  Engineer  is  forced 
to  treat,  as  it  were,  directly  with  the  sub-contractors  or  piece-workmen,  or  eyen  to 
haye  some  works  executed  by  day-labourers.  His  duties  in  this  case  become  compli. 
cated  by  the  financial  parts  of  the  execution,  and  require  great  knowledge  both  of  the 
manners  and  mode  of  treating  workmen,  and  also  of  the  amount  of  work  they  ought 
to  do.  Under  any  circumstances,  and  eyen  when  a  contractor  is  employed,  it  is 
desirable  that  careful  observations  should  be  made  upon  the  number  of  men  em- 
ployed, and  upon  the  mode  of  carrying  on  the  works.  Too  strict  a  superintendence 
of  the  different  operations  is  impossible ;  and  the  system  of  leaving  the  contractor 
almost  master,  so  to  speak,  which  is  the  unfortunate  tendency  of  our  actuaT  method, 
should  be  carefully  guarded  against.  In  letting  earthworks,  all  barrows,  wheeling- 
planks,  horsing-blocks,  and  other  implements,  are  generally  found  by  the  Company. 
Formerly,  in  England,  a  stage  of  wheeling  was  considered  to  be  from  20  to  25  yards 
in  length,  and  the  price  per  cubic  yard  was  fixed  in  proportion  to  the  number  of 
stages  the  soil  was  to  be  moved.  The  French  Engineers  reckon  the  stage  at  83  yards 
upon  the  level,  and  at  22  yards  when  upon  an  incline  of  1  in  10.  Where  the  distance 
to  be  traversed  exceeds  100  yards,  horses  may  be  economically  employed.  Upon 
railways,  it  may  be  added,  the  use  of  a  locomotive  is  preferable  if  the  lead  be  above 
1 J  mile. 
Consolidation  of  ^^*  When  the  canal  is  to  be  carried  upon  an  embankment,  it  is  necessary  that  the 
Embttikinentfl.    earth  be  well  consolidated  before  it  is  attempted  to  turn  in  the  waters.     The  French 
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En^een  inBist  that  all  inch  works  be  eieooted  in  Ibtbib  of  not  more  thui  8  inehm 
in  thiclcneiB,  and  that  Mch  conree  be  well  nnuned,  after  being  preriooilr  TBtersd 

28.  If  the  bottom  of  the  canal  be  paddled,  it  moBt  be  executed  in  Mrenl  oonne^ 
nnder  tiie  mod  carefnt  and  InocBsant  anperintendence.  The  conim  ahonld  never 
exceed  from  ID  to  12  inches  in  tbicknen  ;  and  vben  the  whole  is  completed,  tlia 
puddling  muat  be  bronght  to  a  total  thickaeM  of  S  feet.  When  (he  top  eoniM  ia 
Kt,  a  layer  18  inches  or  2  feet  tbicli  of  the  common  soil  or  itnff  ahoold  be  laid  erenl 
Dpon  it,  and  the  bottom  IcTelled  :  this  covering  of  the  bottom  ahould  be  rather  diy, 
and  not  in  large  Inmpa,  or  with  gieat  BtoneB  or  sticks  in  it.  The  sideaare  not  nmally 
pnddled  to  ao  great  a  Uuckness  as  the  bottom  :  IS  inclies  is  the  oidinaij  tbjekD«, 
which  ia  again  corered  oTer  with  the  common  Boil  to  prevent  the  slipping  of  tho 
pnddle  ;  and  it  ma;  be  here  repeated,  that  when  the  eitnt  depth  of  exeaTation  rs- 
qaired  (or  the  pnddling,  and  the  amonnt  of  labout  inTolred  in  iti  eiecnlion,  beddea 
the  Ter7  doubtfnl  nahire  of  the  regnlte  attained,  are  taken  into  acooont,  the  advan- 
tages of  employing  it  inalaad  of  a  good  hjdranlic  concrete,  are  more  than  qneitionBUA. 
The  solution  of  this  qneition  iB,  howerer,  one  which  must  entirely  depend  npon  local 
conaideraldonB,  and  therefore  admits  of  no  abaotnto  decision  ipriori. 

WhatcTcr  be  the  means  adopted  to  insure  the  impemieability  of  the  bed  of  the 
canal,  the  attainment  of  that  state  most  be  a  lint  qu&  non  for  ila  aconomiaU 
woTking.  AU  anthora  npon  the  subject,  all  the  experience  of  the  most  leientiEa 
Engineers,  are  in  accord  in  thia  respect.  Telford  repeats,  again  and  again,  bit  Mntjona 
upon  the  neoessit;  of  its  being  executed  in  the  most  perfect  manner,  and  also  upon 
tbat  of  preieDting  any  Bprings  fmra  rising  up  throagh  the  bottom. 

The  management  of  spoil-tianks  (or  the  deposits  of  earth  extracted  from  the 
enttings  in  excess  of  the  embaakmenta),  and  of  the  side-cuttings  (or  sxeaTationa  to 
fitniish  earth  when  the  cnttinga  are  not  anfficient  in  quantity,  or  would  reqnlra  too 
heavy  an  expense  of  transport),  is  precisely  the  same  with  canals  as  it  ia  with  common 
roads  or  rajlroadg.  The  mounds  prodaced  by  the  foi-mer  should  not  be  formed  until 
tiie  v^atable  soil  has  been  removed  &om  the  position  they  are  to  ooonpr ;  when 
dreased  off,  the  nme  soil  should  be  spread  over  the  top,  to  encourage  the  growth  of 
vegetation. 

TTorlt  a/ Art  upon  CanaU. 

2B.  Beitnoin, — Eeservoirs  onght  to  be  entirely  distinct  from  the  navigable  parte  of 
the  canal,  in  whatever  poaition  they  may  be  placed  in  reference  to  the  tummit-level. 


Unniden  It«KirTo  r  Huddorsao  d  CuuU 
It  frequently  happens  tbat   t  is  neoesBary  to  lay  dry  the  whole  length  of  the  <»b»t, 
and  under  such  drconuitancea  there  would  be  an  evident  advantage  In  iiolaling  the 
reservoin.     If  any  natural  ponds  are  to  be  met  with,  the;  should  be  mftdans*  of; 
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but  emudJeratioiu  of  ecanom;  in  Uis  origiiul  coDstmction  mmrt  not  lead  to  the  neglect 
of  farnuhing  urUGcikl  meuu  of  tapplj,  in  cue  the  position  of  neb  pondi  be  not 
kdkpted  to  tba  vuiti  of  tlie  can&I. 
Fig  10 
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Fig  13. 


30.  When  reserroira  Bra  not  formeil  b;  meuu  of  nstural  poftdl,  (bej  m  pUoed  in 
ToUe;!,  the  he&da  of  vhicli  are  daiuined  acrosa  bo  u  to  ratain  kll  the  iratan  which 
ma;  (UI  upon  the  apper  coantr;.  It  ma;  happen  that  a  coaudenble  nppl;  of  mUx 
11  to  be  dcrired  from  a  parallel  Mcondar;  tsU^;,  bj  caiTTiiig  the  atraam  through  the 
■eporating  ridge  in  a  tiumel.  la  the  muin  valley,  the  podtion  of  the  dam  mnM  be 
choKD  at  the  point  where  the  rilley  ia  the  nairoweat,  or  vhere  the  iliata  On  wbioh 
it  is  to  be  constructed  ara  Buch  as  to  be  able  to  resiet  the  tcmdenoj  to  enih,  or  to 
slip,  caused  b;  luch  eDormouB  inustent  weights. 

The  couditians  neceoar;  to  be  obBerved  in  the  coftrtrnetion  of  reseTToin,  ai  far  aa 
T^ardi  the  quautjt;  of  Bappl;,  hare  been  alreadj  diacuBiad.  The  water  thej  fnrniih 
mmt  be  at  all  timeB  available  for  refilling  the  Moat,  and  tnuit  alao  be  lo  free  from 
allnrial  mattera,  bo  deroid  of  velocity,  aa  not  to  be  likel;  to  iqjnie  the  banks  or 
to  choke  up  the  canal  There  must  be  provided,  tiien,  in  every  reaarroir  ;  lit,  A 
dam  to  cloBe  the  head  of  the  valley,  in  which  meani  to  let  off  the  watn,  and  to 
regulate  its  flow,  mu«t  be  provided.  A  parapet,  vatyiiig  in  height  aocording  to  the 
aor&ce  of  the  basin  and  the  prevailing  winda,  must  also  be  prorided.  2ndl7,  A  waate 
weir,  or  overflow,  to  carry  off  a»j  surplus  water  which  may  enter  the  rfeerroira. 
Sidly,  Ad  aqueduct  at  the  bottom,  through  which  anymndd;  water  may  escape,  0(  by 
means  of  which  the  reeervdr  may  be  empljed  in  case  any  repairs  are  required.  Ithly, 
A  temporary  baiin  in  which  the  mountain  atreams  may  deposit  the  mnd  and  gravel 
they  bring  down. 

31.  Dams  of  reservoirs  may  be  executed  in  varioDS  mannerB,  either  of  earthwork, 
lined  with  pudille,  and  consolidated  on  one  or  both  sides  by  a  paving  of  dry  (tone 
pitching  ;  or  by  an  embankment  &eed  on  both  tddes  by  walls  ;  or  finally  by  a  wall. 
They  are  Bometimes  executed  of  a  curvilinear  form  in  plan,  presenting  their  convex 
side  towards  the  interior.  Beeerroin  have  been  executed  in  England  and  France 
with  dams  of  not  less  than  from  10  to  70  feet  in  beigihl,  which  have  stood  very  well. 
Borne  of  the  dams  executed  by  the  Uoors  in  Spun  are  of  more  extraordinary  dinien- 
sioni  itill :  the  dam  of  the  Fonntain  Beserroir  of  the  Crolon  Aqueduct  at  New  Tork, 
which  covers  a  Bor&ce  of  100  acres,  is  not  leai  than  S3  feet  in  height,  and  on  the 
Bideaa  Canal  there  ia  one  60  feet  high.* 

When  the  duma  of  reservoln  are  executed  wit^  an  embankment  between  two  or 
more  waits,  there  is  great  danger  to  be  apprehended  &am  the  swelling  of  the  earth 
npon  its  imbibing  water.  The  thickncas  of  the  walls  has  to  ba  so  much  augmented 
to  resist  this  action,  that  there  does  not  appear  to  be  any  real  economy  in  the  mixed 
■ystem.    Under  usual  dreamrtanees,  it  appears  preferable  to  form  the  dam  entirely 

*  See  vols.  L  IL  and  It.  of  PnTialonil  Fqien  oT  U>«  Oon*  e(  the  Boyil  Eogtncen 
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in  maflonryi  especiaUy  when  good  hydranlic  lime  is  easily  obtained.  The  dam  shonld 
be  made  of  middliug-sized  materials,  and  a  coat  of  hydraulic  concrete  interpoMd 
between  it  and  the  water. 

Fig.  14. 


Boservoir  of  Ck>u8on. 


Canal  de  Gisors. 


Whatever  be  the  mode  of  constructing  the  embankments  and  dams  of  the  reservoir 
chosen,  it  is  an  indispensable  condition  that  the  soil  upon  which  it  is  to  be  built 
be  of  a  nature  not  to  allow  of  unequal  settlements,  and  that  it  do  not  permit  the 
passage  of  water.  To  secure  these  conditions  it  has  often  been  necessary  to  carry 
down  the  foundations  to  such  a  depth  as  to  require  as  much  masonry  below  as  above 
the  natural  level  of  the  ground  ;  in  some  cases  as  far  as  50  feet. 

Telford  recommends,  that  if  the  strata  upon  which  the  reservoir  is  to  be  formed 
should  be  of  a  porous  nature,  such  as  to  allow  of  the  infiltration  of  the  water,  the 
whole  of  the  bottom  of  the  valley  should  also  be  puddle-lined.  The  face  of  the  dam 
must  also  in  such  a  case  be  puddled  towards  the  water,  and  it  is  even  advisable  to 
make  an  extra  puddle-ditch  in  the  centre,  to  guard  against  any  accidental  slip  of  the 
face  lining.  There  are  few  operations  in  canal -making  of  more  importance  than  those 
necessary  to  economise  water  in  reservoirs,  and  the  enormous  expense  entailed  by  the 
above-named  precautions,  to  insure  their  impermeability,  will  shew  the  necessity  for 
extreme  caution  in  the  choice  of  their  positions,  as  well  as  for  an  intimate  knowledge 
of  Geology. 

In  executing  the  dams,  trenches  should  be  dug  in  the  foundations,  so  as  to  break 
their  horizontal  line  into  a  series  of  steps.  Such  a  course  offers  a  greater  resistance 
to  the  latetal  thrust  of  the  water,  and  renders  the  dam  less  liable  to  slip.  Of  course 
the  same  precaution  must  be  taken  for  the  sides.  Another  advantage  in  these  steps 
is,  that  they  break  the  direction  of  any  stream  which  may  filter  through  the  bank, 
and  facilitate  the  deposition  of  any  earthy  matter  carried  by  the  water,  causing  the 
crack  *to  take  up,'  to  use  the  workman's  phrase. 

If  the  dam  be  executed  in  earthwork,  it  should  be  made  from  13  to  16  feet  wide 
at  top,  with  slopes  varying  from  1^  to  24  base  to  1  in  height  The  best  mode  of 
making  such  dams  appears  to  be  to  employ  clay  mixed  with  a  certain  proportion  of 
sand ;  this  should  be  watered  at  every  course  with  a  little  lime-water,  and  well 
rammed,  taking  care  to  leave  certain  asperities,  or  toothings,  upon  the  face  of  the 
different  layers,  to  prevent  the  upper  ones  from  sliding  upon  those  beneath  them.  It 
is  also  necessary  to  follow  on  the  work  rapidly,  to  prevent  the  lower  courses  from  drying 
before  the  upper  ones  are  added. 

Beservoirs,  if  enclosed  by  a  dam  of  masonry,  require  precisely  analogous  pre- 
cautions ;  the  filtrations  must  be  prevented  as  far  as  possible  by  stepping  the  founda- 
tions ;  and  care  must  be  taken  to  break  the  horizontaJity  of  the  beds.  If  the  length 
of  the  dam  be  considerable,  it  will  be  necessary  to  introduce  many  counterforts ; 
not  so  much  for  the  purpose  of  saving  masonry  in  the  dam  itself  as  to  resist  the 
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sach  thkt  Uk;  become, 
>f  *  natore  toeipoM  tbem 
goii^  it  U  aeoeuM7  to 
from  tntihing 


tttideiiej  of  long  bodiet  of  mtlllDg  to  »gnm8  a  catcoar;  form  o 
IwaTj  presanre. 

Tbo  aie  of  the  reaeiroirs  of  tLe  more  important  canals  ii 
in  fact,  lakcB  of  slJlI  w«t«r  ;  and  as  tbeir  poiiUonS  ac 
to  the  riolcnt  action  of  tbs  prerailing  winds  of 
atnj  the  dam  about  6  feet  aboTS  the  water-lerel,  t< 
the  upper  portione  c!  the  enelDBore.  Precaationa  moat  be  taken,  in  the  event  of  the 
vatera  overfloiring  the  crawn  of  the  dam,  to  prerent  iQJory  to  the  itmctnre.  A.n 
accident  of  this  nature  took  place  during  the  execution  of  the  works  for  the  Croton 
Aqncduct,  when  the  floods,  rising  over  the  dam  in  an  eitiaocdinaij  manner,  carried 
awaj  in  a  few  hours  tbe  whole  itractore,  and  spread  death,  rain,  and  desolation 
thronghont  the  course  of  the  stream. 

32.  From  tbe  moremanta  remarked  in  the  masonr;  of  some  dams,  it  woold  appear 
to  be  □eceacarj'  to  gire  the  walls  doulile  the  Uucknees  required  b;  the  strict  applica- 
tion of  theoretical  rulEs,  Indeed,  in  each  works  the  tendency  to  slip  upon  Uie  bed 
complicates  the  conditions  of  equilibrium  to  a  serious  eitent ;  it  is,  in  Gut,  greater 
than  (lie  teadency  to  torn  over  on  tiie  extreme  edge.  EepresenUng  the  height  of  tbe 
water  b;  h,  the  UuckoesBes  which  appear  to  be  Ibe  tuDat  adriaable  to  gire  to  the 
dams  of  moaonr;  at  the  following  paints  in  their  beight,  are,  x  being  the  tbicknesB 

it  the  top,        a;  =  A  X  0-30 

In  the  middle,  x  ^  7i  x  0-GO 

At  the  bottom,  x  ^  A  x  070 

Sach  thicknesses  arc,   perhaps,   rather  in  excess  ;    hut  the  terrible  consequences 

arising  from  the  bnratlng  of  a  dam,  and  the  more  perfect  impenneahUitj  of  a  large 

moss  of  masonry,  iboold  rather  induce  a  preference  in  this  direction. 

The  importance  of  reservoirs  to  the  regular  working  of  canals  may  be  judged  of  by 
the  oolossal  conBtroctione  executed,  in  dry  warm  climates  espedatlj,  to  iasan  their 
constant  supply. 

The  Birmingham  Canal  has  a  reservoir  of  SO  aerea  surface,  with  a  deptli  of  45 
eet  at  the  bead  of  the  reUining  bank.  That  of  the  Union  Canal  of  PennsylTania  is 
not  lets  than  730  acres  superScial,  by  an  extreme  depth  of  10  feet,  and  it  hold* 
572, 609,000  cubic  feet  of  water. 

The  principal  reserroirs  in  France  ore  spedfied  in  the  following  Table,  with  their 
hdght  of  water,  capacity,  &c. 


CaDal. 

Eaorrelr.        NMursofdam. 

^^^^    \            Q^^dty. 

Da  Midi 

Ntuil«s  a'SrEBt 
Du  Centre 
Du  Bri^re 

St.  F6riol      I  Earth  and  wall 
Qros  Bols        Wall 
Cercey            Barth 
Viorcao          Wall 
T»rcy                Eartb,  lined 
Urande  Kue  ,  Ei.rth 

lOBft.  Din.    223,0DO,OO0cnbicfL 
Oe  „   8  „      300,510,000      „ 
30  „   3„      130,800,000      „ 
33  „   0„    1282,396,000       „ 
36  „   3„    1     S3,300,000       ,. 
2ii  ,,  H  .,     130,000,000 

of  the  Rngli^h  canals  are  rarely  of  sncb  colossal  dimenaioni  as  thota 


The 

of  Prance ;  but  the  new  waterworks  reserroLii  of  some  of  our  northern  dUe*  ood  of 
our  colonies  may  be  compared  with  tbem.  The  capacities  of  a  few  of  tbeas  stmctonB 
are  subjoined  : 

CaoBl  and  RaerTolr.  Capacity. 

Uancheater  and  Hsodesfield        .         .      291,915,089  cubic  feet. 

ToTton  and  Bntwyitl«    ....      101^000,000         „ 
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Belmont 75,000,000  cubic  feet. 

Manoheeter  Waterworks .  .  .  .  584,866,716  „ 
LiTerpool,  Riyington  Pike  .  .  .  506,581,059  ,, 
Yaa  Yan,  Victoria  (in  round  numbers)  .    1, 000, 000, 000         , , 

fcribution  33.  For  tbe  service  of  the  canal,  the  water  is  usually  drawn  from  the  reservoirs  by 

n  Reservoirs,  means  of  a  series  of  sluice-gates,  placed  at  different  levels  to  draw  off  the  water  in 

such  a  manner  as  to  prevent  its  acquiring  any  velocity  from  the  head  above  it.     In 

some  reservoirs  the  sluices  are  replaced  by  large  cocks,  so  constructed  as  to  be  worked 

by  screws;  but  whatever  means  may  be  adopted  for  distributing  the  water,  it  is 

necessary  that  the  flow  be  kept  under  the  most  accurate  and  instantaneous  control. 

iftsional  34.  It  very  frequently  occurs  that  springs,  streams,  or  rivers,   in  the  course  of  a 

louroes.  canal,  may  be  advantageously  substituted  as  a  source  of  supply  for  the  more  expensive 

means  furnished  by  reservoirs.     This  method  is  more  commonly  employed  in  the 

United  States,  where  the  greater  portion  of  the  canals  are  replenished  by  feeders 

from  such  accidental  sources.     In  Belgium  and  Flanders  it  frequently  happens  that 

a  set  of  locks  occurs  in  such  immediate  proximity  to  one  another,  that  there  is 

advantage  in  returning  the  water,  passed  through  the  locks,  to  the  upper  level,  by 

means  of  steam  or  water  power.     Local  considerations  must,  however,  decide  the 

question  as  to  what  system  should  be  adopted  in  every  particular  case. 

85.  When,  therefore,  feeders  from  side-streams  are  to  be  made  use  of,  their  beds 
should  firstly  be  rendered  as  impermeable  as  possible  ;  the  new  course  of  the  feeder 
should  be  made  as  direct,  and  the  Ml  be  as  small,  as  may  be  required  to  conduct  the 
water  with  an  uniform  velocity  suitable  for  the  purposes  of  the  canal.  As  with  the 
streams  directed  into  reservoirs,  care  must  be  taken  to  prevent  them  from  carryin|; 
any  impurities  likely  to  obstruct  the  bed  of  the  canal.  The  use  of  streams  for  mill- 
power  renders  their  application  for  the  supply  of  canals  often  extremely  difficult.  In 
certain  positions  springs  form  the  most  economical  means  for  meeting  the  losses  of 
the  navigation.  In  low  alluvial  plains,  situated  in  large  basins  of  the  older  and  more 
impervious  strata,  and  in  some  portion  of  the  rocky  districts  through  which  the 
summit-level  is  carried,  it  is  very  common  to  meet  with  springs  of  great  abundance. 
In  the  former  case  their  overflowings  may  be  advantageously  employed  in  the  lower 
levels  of  the  canal  :  in  the  latter  it  may  often  admit  of  deliberation  whether  it  would 
not  be  more  economical  to  execute  the  summit-level  in  tunnel,  so  as  to  be  able  to 
meet  and  employ  the  springs  which  so  frequently  occur  in  the  interior  of  the  hills  to 
be  traversed.     Such  questions  again  require  an  intimate  knowledge  of  Gkology. 

In  some  cases  the  depth  of  the  summit-level  pond  has  been  increased  for  the 
purpose  of  making  it  serve  as  a  reservoir.  But  Telford  justly  objects  to  this  course, 
on  the  ground,  that  inasmuch  as  the  level  of  the  lock-sills  must  be  established  with 
reference  to  the  lowest  state  of  the  water,  every  time  a  lock  is  filled  it  causes  a  waste ; 
and  it  therefore  appears  desirable  to  make  the  bottom  level  of  the  reservoir  at  such  a 
height  above  that  of  the  canal  as  to  allow  of  its  waters  flowing  easily  into  it  when- 
ever a  deficiency  is  felt  from  any  cause  whatever. 

The  section  and  the  fall  to  be  given  to  a  feeder  must  be  calculated  upon  the 
formulsB  which  regulate  the  calculations  upon  the  flow  of  runmng  water.  In  practice, 
however,  it  is  usual  to  maintain  the  fieill  between  the  limits  of  from  1  to  5  in  10,000, 
unless  the  peculiar  position  of  the  streams  which  supply  the  feeders  be  such  as  to 
require  an  increase  of  velocity ;  and  it  is  obvious  that  in  order  to  furnish  equal 
quantities,  a  slight  fall  requires  a  larger  section,  and  is  objectionable,  because  it  is 
more  exposed  to  evaporation  and  to  filtrations.  A  sharp  fall  gives  too  great  a  velodtj 
to  the  stream ;  it  is  likely  to  injure  the  banks,  and  especially  to  carry  down  troubled 
waters  into  the  basins. 

YOL.  lU.  X 
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Navigable  36.  If  the  feeders  are  intended  to  be  nsed  for  the  purposes  of  nayigation,  k  odii- 

feeders.  dition  which  often  arises  in  France  and  America  especially,  their  dimenBions  must  be 

regulated  witb  reference  to  the  boats  they  are  to  receiye.    Their  fall  must^  howeyer, 

not  be  more  than  is  necessary  to  giye  the  waters  a  yeloeity  not  exceeding  12  to  14 

inches  per  second. 

The  same  precaations  alluded  to  for  reseryoirs  require  to  be  taken  with  the  feeders, 
in  order  to  preyent  their  supply  exceeding  the  wants  of  the  canal.  Waste-weirs  and 
regulating-sluices  must  be  formed  to  control  the  flow ;  and  if  the  feeders  be  upon  a 
bill-side,  catcb-water  drains  must  be  formed,  so  as  to  allow  the  mountain  streams  to 
deposit  the  mud  they  hold  in  suspension  before  flowing  oyer  into  tbe  feeders.  It  is 
also  recommended  to  form  settling  reseryoirs  from  distance  to  distance  in  the  bed  of 
the  feeder  itself. 

Bed  of  the  Canal. 

37.  The  longitudinal  section  of  the  difierent  portions  of  a  canal  should  be  made 
with  a  gentle  fall,  to  allow  the  water  to  flow  with  sufficient  freedom  to  compensate  for 
the  loss  occasioned  by  passing  boats  througb  the  locks,  or  in  case  it  be  adyisable  to 
leaye  tbe  bed  dry.  On  some  parts  of  the  Erie  Canal  a  £bJ1  of  1  incb  in  a  mile  was 
giyen,  whilst  in  others  it  was  reduced  to  one-half  that  inclination  :  the  consequence 
was,  tbat  great  yigilance  was  required  to  maintain  the  leyel  of  tbe  water  when  the 
nayigation  was  actiye. 

Dubuat^s  formula  for  ascertaining  the  proportions  of  the  section  of  a  canal, 

R=r ,  in  whicb  R  =  the  resistance  in  a  canal ;    r  =  the  resistance  in  any 

S' 
undefined  fluid ;  S  and  S',  the  transyerse  sections  of  the  canal  and  of  the  boat, — 
would  require,  supposing  R  and  r  to  be  equal,  that  S  were  six  times  S'.  In  practice 
it  is,  howeyer,  usual  to  make  the  bottom,  or  floor-line,  of  a  canal  twice  the  width  of 
the  boats  it  is  intended  to  carry,  witb  an  allowance  of  frx)m  6  to  8  inches  play  on 
botb  sides.  The  lowest  basins,  or  any  intermediate  ones  wbere  boats  are  likely  to  be 
stationed,  require  to  be  widened  out  according  to  the  nature  of  the  traffic  Sometimes 
in  expensiye  rock -cutting,  or  in  tunnels,  the  canal  is  only  made  wide  enough  for  the 
passage  of  one  boat  at  a  time ;  in  such  cases  the  canal  must  be  widened  out  imme- 
diately before  arriying  at  the  narrow  part.  Such  extra  width  must  also  be  giyen  at 
any  sharp  curye  or  sudden  change  in  the  direction. 

The  depth  of  water  must  be  from  1  foot  to  18  inches  more  than  that  of  the 
deepest  laden  barges  ;  because,  firstly,  the  bottom  is  liable  to  silt  up,  and  secondly, 
numerous  aquatic  plants  quickly  take  root.  Such  extra  depth  is  also  neoessaiy  for 
the  compensation  required  by  the  lockage  of  the  boats. 

The  sides  of  a  canal,  partly  from  the  shape  of  the  boats,  and  partly  from  the  nature 
of  the  materials  of  which  the  banks  are  formed,  haye  an  inclination  which  may  yaiy 
from  1*5  to  3  in  1.  At  the  water-line  it  has  been  found  necessary  to  make  a  species 
of  banquette,  to  break  the  force  of  the  wayes  or  the  shock  of  the  boats,  upon  the 
edge  of  the  towing-path.  Such  banquettes  are  planted  with  aquatic  plants  (the  iri% 
reeds,  &c.),  to  increase  their  retarding  action  upon  the  wayes.  Another  method  of 
guarding  the  towing-paths  is  to  line  the  sides  with  stone  pitching  :  on  one  occasion 
east-iron  plates  were  employed  for  this  purpose, 
rowing-paths.  ^^*  Towing-paths  should  be  kept  much  as  before  explained ;  and  if  the  hauling  be 
done  by  men,  the  width  need  not  exceed  from  4  to  6  feet.  When  horses  are  used,  it 
should  be  from  12  to  16  feet  wide :  the  latter  dimension  is  the  one  adopted  on  the 
United  States'  canals. 
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^ceasionallj  the  action  of  the  winds  may  be  such  as  to  render  it  necessary  to  tow 
from  both  sideai,  to  preyent  the  boat  from  '  hugging  *  one  bank.  In  such  cases  a 
double  towing-path  is  required,  of  the  same  dimension  as  the  normal  one.  At  all 
times,  howeyeri  it  is  advisable  to  construct  a  narrow  footpath  on  the  opposite  side, 
varying  from  4  to  6  feet  in  width.  Should  there  be  any  excess  of  earth  from  cuttings 
or  excavations,  it  should  be  employed  in  widening  out  the  above  paths.  The  towing- 
path  itself  should  be  made  with  nearly  the  same  perfection  as  a  carriage-road ;  and 
in  cases  where  fly-boats  travelling  at  great  speeds  are  used,  the  maintenance  of  these 
paths  becomes  a  matter  of  serious  expense.  When  the  towing-paths  are  in  deep 
euttings,  a  side  ditch  must  be  formed  to  carry  ofif  the  rain-water.  In  embankment, 
its  form  and  the  slope  to  be  given  to  its  external  edge  must  depend  upon  the  materials 
employed.  | 

Tunnels. 

39.  When  the  catting  required  to  maintain  the  level  of  a  canal  would  become  too 
expensive  from  the  mass  of  earth  to  be  removed,  or  when  there  is  a  probability  of 
meeting  copious  sources  of  water  in  the  interior  of  a  hill,  tunnelling  should  be  adopted. 
On  some  occasions  Engineers  have  preferred  to  diminish  the  width  of  the  catting  to 
merely  that  required  for  the  passage  of  a  single  boat,  rather  than  to  execute  a  tunnel ; 
but  local  circumstances  modify  all  these  questions  to  such  an  extent  that  it  is  impos- 
sible to  lay  down  any  invariable  rule.  Usually,  however,  if  the  depth  of  the  cutting 
be  above  50  feet,  especially  if  it  be  long,  there  is  economy  in  adopting  a  tunnel  in 
preference  to  an  open  cutting. 

The  economy  of  executing  a  deep  cutting  for  the  passage  of  only  one  boat  is,  com- 
paratively speaking,  insignificant ;  for  the  bulk  of  the  earth  removed  in  such  cases  is 
that  required  to  throw  out  the  slopes.  The  quantity  saved  is,  in  faot^  only  that 
occupied  by  the  diminished  width  multiplied  by  the  depth.  With  a  tunnel,  however, 
the  expense  is  diminished  in  a  much  more  important  proportion,  for  it  is  relative  to 
the  area.  The  larger  a  tunnel  is,  the  more  difficult  are  the  excavations  ;  the  more 
necessary  is  it  to  line  throughout,  and  the  more  expensive  is  such  lining.  At  the 
game  time  it  must  be  observed,  that  in  addition  to  the  time  lost  by  the  boats  waiting 
their  turn  at  either  end,  small  tunnels  ofifer  serious  impediments  to  the  navigation  on 
account  of  the  resistance  of  the  air  and  the  water. 

Whether  the  tunnel  be  executed  for  one  or  two  boats  at  a  time,  it  is  usual  to  give 
about  2  feet  play  on  each  side.  On  the  Canal  St.  Quentin  there  are  two  towing-paths 
4  feet  wide ;  but  it  is  preferable  to  make  only  one  of  double  that  width.  In  the 
tunnel  executed  for  the  Thames  and  Medway  Canal,  and  in  the  Harecastle  Tunnel, 
there  is  only  one  towing-path,  but  of  rather  smaller  dimensions  than  is  desirable. 
Generally  speaking,  the  boats  are  drawn  through  tunnels  by  men,  although  horses  are 
occasionally  used,  in  which  case  the  towing-path  must  be  made  wider,  and  a  parapet 
formed.  In  some  tunnels  executed  by  Brindley  it  is  necessary  to  pass  the  boats  by 
'  loggers,'  a  class  of  men  who  propel  them  by  pushing  against  the  tops  and  sides  of  the 
roof  with  their  feet,  whilst  lying  upon  their  backs.  In  other  tunnels  the  bargeman 
draws  the  boat  himself  by  means  of  a  tow-rope  fastened  to  the  opposite  end  ;  in  others, 
agun,  there  are  machines  fixed  at  the  ends  to  haul  the  boats  through. 

The  height  given  to  timnels,  where  boats  without  masts  have  to  pass,  varies  from 
'  11  to  16  feet  from  the  top  of  the  water  to  the  intrados  of  the  vault.    On  the  canal 
from  the  Chesapeake  to  the  Ohio  the  height  was  made  17  feet  3  inches,  to  allow  the 
passage  of  the  sloops  and  river-craft* 

The  forms  given  to  tunnels  are  very  various,  being  either  circular,  elliptical,  or  in 
the  shape  of  a  Gothic  arch.     Sometimes  the  sides  are  inclined  towards  the  top,  and 
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the  mtsrmedi&te  porUon  joined  b;  &  upment  of  *  eirele.     TMi  farm  appean  t*b« 
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BUnrorth  Tunnsl. 


TuniiBl,  Cuu]  of  St.  Quintiii. 
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lesort  to  Ihitt  methixl. 
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^e  fonn  of  the  sides  depends  upon  the  dip  of  the  strata  to  be  trayened,  and  it  is^ 
usual  to  make  them  i>ortion8  of  circles  of  great  radius.  The  bottom  shonld  be  an 
inverted  arch. 

The  thickness  of  the  masonry  must  depend  upon  the  nature  of  the  strata  and  their 
permeability  to  water,  as  well  as  upon  the  materials  employed  in  the  construction. 
Bxperience  appears  to  indicate  3  ft.  4  ins.  to  8  ft.  6  ins.  as  the  extreme  thickness 
requisite  in  the  worst  ground  and  for  large  canal-tunnels :  2  ft.  6  ins.  is  the  limit 
for  smaller  ones.  The  sides  should  be  made  from  6  to  12  inches  thicker  than  the 
roof 

The  cost  and  time  employed  ui>on  sundry  tunnels  in  England,  France,  and  America, 
are  stated,  in  round  numbers,  in  the  following  Table. 


Name. 

Canal. 

SoU. 

Length. 

Width,  te. 

Time. 

Cost  peryrd. 

Blisworth 

Grand  Junction 

Blue  cky 

8080  yds. 

16Jft.  xlSft. 

•  ■  • 

£    8.     d. 

17  18    0 

Foulndge 

(    Leeds  and    ) 
(    Liyerpool 

Partly 
quicksand 

1680    „ 

17    ft.  X  18  ft. 

•  •  • 

24    0    0 

Thames  & 
Medway    ( 

Eilsby .     . 

same  name 

Chalk 

4 2  miles 

22^  6"  X  39'  8" 

3  yrs. 

32    0    0 

Lond°.&Bir».  > 
Railway      J 

Earth,  sand, ) 
water      ) 

2898  yds. 

•  •  •                 •  •  • 

i  „ 

120    0    0 

Harecastle    . 

Tetney  Hayen 

Clay 

2926    „ 

14fl.xl8ft. 

2  „ 

40    0    0 

St.  Aignan    . 

Cn'.  des  Ardennes 

Blue  lias 

800    „ 

19  ft.  X  26  ft. 

•  •   • 

42    0    0 

Pouilly. 

„    deBourgogne 

Schistose  marl  8610    ,, 

20  ft.  X  26  ft. 

8  „ 

86    0    0 

Gomptich .     . 

1  •  •                 •  •  • 

1010    „ 

14  ft.  X  18  ft. 

... 

36    0    0 

Charleroy 

•••                 •••              1         •••                 ••• 

1400    „ 

14ft.xl8ft. 

... 

52    0    0 

Tunnel  on  canal  from  Chesapeake  | 
to  the  Ohio.                    ( 

7330   „ 

...         ••• 

... 

116    0    0 

An  important  obseryation  to  be  made  with  respect  to  tunnels  is,  that  it  is  preferable 
to  lengthen  the  tunnel  itself,  rather  than  to  have  a  deep  long  cutting  before  entering 
it.  The  bottom  of  a  yalley  is  usually  ill  adapted  for  the  commencement  of  such 
works,  because  in  such  positions  it  is  difficult  to  keep  out  the  waters  of  the  yalley,  or 
to  get  rid  of  the  land-springs  during  the  construction  of  the  tunnel. 

It  may  be  also  stated,  that  in  the  piercing  of  tunnels,  wheneyer  the  length 
exceeds  from  200  to  300  yards,  there  is  an  advantage  in  working  from  wells,  instead 
of  from  the  ends  only.  Such  wells  or  shafts  are  placed  from  40  to  100  yards  aparti 
or  even  at  greater  distances,  depending  upon  the  rapidity  with  which  it  is  desired  to 
push  the  works,  and  the  nature  of  the  strata  traversed. 


Loch. 

40.  A  lock,  or  pound,  is  constructed  upon  a  canal  for  the  purpose  of  connecting 
two  portions  which  are  upon  different  levels ;  and  in  the  part  called  the  lock 'chamber 
the  water  can  be  made  to  coindde  with  the  level  of  that  in  either  the  upper  or  lower 
portions  of  the  canal.  This  is  effected  by  means  of  two  pairs  of  doors,  or  gates,  one 
at  each  end  of  the  lock-chamber  ;  in  which  gates,  or  through  the  side- walls  of  th# 
chamber,  small  sluices  or  paddles  are  provided,  by  which  water  can  be  let  from  the 
higher  portion  to  fill  the  chamber  to[the  upper  level  when  the  lower  gates  are  shut  close, 
or  to  empty  the  same  to  the  lower  level  when  the  upper  gates  are  closed.  It  is  thus 
that,  supposing  the  lock-chamber  to  be  at  the  lower  level,  a  vessel  arriving  upon  the 
lower  portion  of  the  canal  enters  the  chamber,  and  the  lower  gates  are  shut  after  it. 
The  water  is  then  drawn  from  the  upper  level  by  means  of  the  sluices  or  gates  until 
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it  stands  at  the  same  height  in  the  chamber  aa  in  the  upper  lerel ;  the  gates  are  then 
easily  opened,  and  the  boat  passes  into  the  seeond  portion  of  the  canaL  When  a 
boat  has  to  pass  from  an  npper  to  a  lower  level,  the  mode  of  proceeding  is  iheiererse  : 
the  gates  are  shut  upon  it,  and  the  water  is  allowed  to  ran  from  the  npper  to  the 
lower  leveL     These  operations  are  called  '  locking  np'  and  '  locking  down.' 

One  advantage  in  uniting  several  locks  in  the  same  locality,  so  as  to  fiicilitate 
repairs  and  to  concentrate  the  superintendence,  has  been  already  explained.  Another 
reason  for  such  sudden  changes  in  the  level  of  a  canal  will  often  be  found  in  the 
economy  they  admit  in  the  execution  of  the  earthworks,  as  by  these  means  either 
deep  cuttings  or  heavy  embankments  are  frequently  avoided.  There  are,  how- 
ever, certain  inconveniences  attending  the  grouping  together  of  the  locks  in  this 
manner.  Firstly,  the  pressure  upon  the  floor  of  the  lowest  chamber  becomes  dan- 
gerously augmented ;  the  tendency  to  filtration,  and  to  produce  upward  move- 
ments of  the  floor,  is  also  increased  by  the  same  cause.  Secondly,  such  concentrated 
fidls  consume  more  water  than  would  be  required  if  the  space  between  each  lock 
were  of  the  average  dimensions.  But  the  saving  in  superintendence,  and  the  eventual 
economy  of  time  in  the  passage  of  the  boats,  more  than  outweigh  the  importance  of 
these  objections,  especially  in  such  positions  as  enable  the  Engineer  to  command  much 
water,  or  where  the  natural  form  of  the  ground  is  very  abrupt. 

41.  The  number  of  locks  required  to  compensate  any  given  di£ference  of  level  must 
of  course  depend  upon  the  fall  given  to  each  of  them.  As  a  general  rule,  the  fiJls 
should  be  made  equal,  in  order  to  economize  water  in  the  passage  of  boats.  At  the 
summit-level,  however,  there  may  occasionally  be  an  advantage  in  making  the  fidl 
rather  less  than  in  the  lower  parts  of  the  canal,  where  water  is  more  abundant  Great 
falls  procure  economy  of  time  in  the  passage,  and  diminish  the  number  of  locks  to  be 
constructed,  and  are  worked  by  fewer  men.  They  require,  nevertheless,  greater 
strength  of  construction,  and  often  entail  the  necessity  of  extensive  earthworks. 

General  usage  confines  the  falls  of  locks  between  the  limits  of  from  5  to  10  feet  for 
canals  having  6  feet  deep  water  :  8  feet  to  8  ft.  6  ins.  are  the  usual  heights  given. 
Such  a  lock  would  require  as  long  a  time  to  pass  as  a  boat  would  occupy  in  traverting 
a  distance  of  one-third  of  a  mile  on  the  ordinary  parts  of  the  canal. 

Fig.  21. 


LockB  on  the  lateral  Canal  of  the  Loire. 


hxia  of  Locks. 


42.  The  parts  of  a  lock  may  be  considered  as  being,  firstly,  the  upper  chamber,  or 
head,  with  its  gates,  and  the  breast-wall ;  2ndly,  the  intermediate  lock-chamber, 
between  the  breast-wall  and  the  extreme  point  of  the  projection  of  the  lower  gates  ; 
and  Srdly,  of  the  lower  chamber. 

43.  On  many  canals  the  form  of  the  lock-chambers  is  made  such  as  to  give  the  aide- 
walls  a  concave  direction  towards  the  water,  with  the  intention  of  opposing  a  greater 
resistance  to  the  pressure  of  the  earth.  There  does  not  appear  to  be  anything  really 
gained  by  this  course,  because,  even  supposing  the  walls  do  resist  the  thrust  of  the 
embankment   more  effectually  in  this  shape  with  the   same  quantity  of  maaoniy, 
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Fi«  a. 


Lock*  OD  tbe  Cro»l  Ciuuil. 


0  eoDitnieUd  wut«  nan 
'  tlu  cztn 
tiucknwa  nqniied  to  b«  giTsa  to 
tb«  iocx  on  MOooDl  of  the  m 
attmi  ipui  Deorl;  eqiuli  the 
uiing  in  the  nlhi  Xhe  beet 
modern  cankli  at  m&de  with 
locki  of  a  re«tiline>r  fonn,  nnular 
to  those  indloiWd  in  the  above 
tketchee.  Sometimn  Uu  ndei 
hsTe  been  eiecat«d  in  itope,  but 
the  loM  of  water  at  ererj  paaaage 


I,  and  tbe  prolongation  of  die  wing  walli  of  both  the  nppec  and  the 
lower  chamben  ie  often  more  than  enough  to  oompennte  tor  the  enia!!  saniig  of  the 
^e-walla,  eipeeiall;  when  the  danger  of  filtratioDe  U  taken  into  aoconnt.  From  these 
eonaiderationa  it  haa  become  the  practice  to  make  tbe  nde-walli  TerticaL 

H.  Id  Holland  and  in  tbe  United  Stktea,  loek-ehambera  bare  been  frequently 
neented  in  wood,  on  Meonnt  of  the  high  price  of  maionry.  Bat  euch  vorki  have  a 
Terr  limited  doration,  and  are  hardly  erer  water-Ughb  In  onr  own  Coloniee  it  maj 
■ometimea  be  adnuUe  to  adopt  tbe  Mune  method,  from  motirei  of  economy  ;  bnt  it 
must  only  be  conridered  a*  a  temponuy  mbatitnte  for  a  better  material.  Details  of 
•erne  Ameiiean  wooden  iMka  are  lubjolned. 

The  top  of  tbe  lide-walb  of  looki  ihoald  be  kept  2  feet  above  tbe  n 
^■lat-llBe. 
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45.  To  Mow  mMSB  of  repuring  the  woAa  of  locks,  it  ii  uml  to  foRO  giooTM  in 
bott  the  apper  and  lower  cli&mben  to  nctln  ■  dam  to  be  thmwn  kenas  tcmporuilj'. 
Endi  grooves  lire  made  abont  8  incbei  bj  8  inobea,  and  of  tba  vhole  hd^t  of  the 
■Id«-irftll«;  thtj  &r«  onull;  plkoed  from  2  to  1  feat  &om  th«  rttoming  of  the  ride- 
voUi.  A  reveal  U  to  be  formed  to  TocdTS  each  leaf  of  the  gataa,  aboat  i  iiiAaa 
deeper  than  their  thickness,  and  6  inches  longer  than  the  leaTea  IhamaelTaa.  In 
order  to  protect  the  gates  when  shot  back  into  thaee  rereali,  tlie  tide-walls  nnst  ba 
earned  from  S  to  7  feet  beyond  them  on  the  upper  ride  ;  and  on  the  lower  the  tail- 
wall  should  be  prolonged  accoriing  to  the  wid^  of  the  opening.  Thus  for  a  15-&et 
lock,  it  should  be  prolonged  12  feet;  for  an  18-feet  lode,  14  feet;  for  a20-faat 
lock,  lefeet,  and  so  on. 

46.  Id  calcnlsting  the  thickneaa  to  be  giren  to  the  aide-walla,  the  backing  mnit  be 
r^rded  as  a  semi-flnid  deoaec  than  water,  and  the  nuua  of  the  walla  must  be  tnffi- 
deat  to  nast  its  momentum.  Some  Engineers  make  them  equal  in  thickneas  to 
half  the  height ;  bat  the  nsaal  practieeTariea  between  0'28  toO'GO  of  that  dimanaion. 
Jt  would  appear  that  0*40  is  the  moat  rationaL  It  is  advisable  to  «i«ngUieD  the 
walls  below  the  tail-gal«a ;  and  when  a  lock  is  joined  to  a  dam,  as  in  liier  naviga- 
tion,  the  end-wall  to  the  Btr«am  mnat  also  be  stiengtheaed,  in  order  to  reaist  the 
weight  of  water  and  to  p[«TeDt  filtraUona 

The  Boor  of  a  lock  ia  uanallj  eiecnted  with  an  inrert,  to  rewat  the  npward  throat 
of  the  Gltrations  from  the  upper  larel  of  the  canal.  It  is  nsnal  to  calcnlate  ila  thick- 
ness npoQ  the  anppoaition  that  it  would  be  exposed  to  an  eStort  equal  to  that  prodnoed 


br  a  head  of  water  equal  to  the  total  depth  of  the  lock,  The  nanal  thickneai  |pTen 
to  the  floor  of  a  16-feet  wide  lock  is  2  feet  8  inches ;  that  for  a  20-feet  wide  lock  ia 
S  feet  4  inches.  But  whatever  thickness  be  given,  precautions  nmat  be  taken  to 
prevent  Gltrations  from  the  upper  level,  b;  either  driving  a  row  of  dcae  tiling,  or  bj 
atepping  the  foundations  below  the  level  of  the  ordinary  parts  of  the  chambers,  so  •« 
to  break  the  thread  of  any  stream  which  might  work  throngh. 

47.  The  aiUi  are  laid  with  aaalljto  the  upper  level  of  from  )tb  to  |rd  of  the  width 
of  the  opening.     Tbe  moat  anaent  locka  were  all  made  with  aallies  of  jrd  to  jtit ; 
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Bodem  jmctiM  nogat  bttirMn  tbi  limiti  of  (th  ud  ^(h.  Froftnor  Barlow  wiMttm, 
Uut  tha  bsrt  proportion  would  be  between  Jth  and  ^tli,  or  cnob  M  wonld  eorraipond 
viUiuiui«leaflB°-24. 

Tbe  dill  an  raised  abore  tlie  lerel  of  the  floon  of  tbe  npper  and  low«r  ehainbtn 
rapediTelj,  to  form  ■  projection  igainat  which  (he  gate*  are  to  ahnt.  It  ia  UBoal  to 
aecnre  the  maaoar;  of  the  body  of  the  lilla,  and  to  protect  their  eitfnal  edgM  bj 
neani  of  oitlier  wooden  or  eaat-iron  clapping-sills,  which  reoeiTe  the  ihocki  of  the 
gates.     Felt  ihonid  be  placed  between  the  cUpping-Eilla  and  the  maaanrj.    The 


projection  of  the  ulla  Tuiet  from  10  inchei  to  1  foot,  to  aa  Ui  allow  the  gate*  to  bear 
for  a  depth  of  from  6  to  6  ioche*,  and  to  afford  the  ume  plaj  nndemeath.  Tbe 
maionj;  at  the  back  of  the  clapping-cilia  ia  anull;  eieonted  aa  a  portion  of  an  arch 
abutting  npoa  the  nde-walla.  Oeeaaionall}  the  whole  of  the  nil  ia  executed  in  wood* 
work,  aa  in  £gi.  26,  28. 

IS.  The  breaat-wall  ia  utnallj  made  concave  to  the  lock-chamber,  in  order  to 
eeoDomiie  masonr;,  and  to  receiTe  the  prows  of  boats  while  between  the  gates. 
FormcTly  the  breast-valls  were  executed  in  a  perfectly  vertical  pcaiUoD,  and  (heir 
horiiontalitT  with  the  top  of  the  upper  cUp[niig-nlla  and  chamber  carafoUr  preMrred. 
Of  late  jtaxt,  the  upper  portion  of  the  breaet-wall  baa  been  made  with  an  incline 
towards  the  loek-chamber,  and  the  lace  has  been  disposed  with  a  concave  front 
towaida  the  same  direction,  so  as  to  break  the  fall  of  the  water  from  the  slnieea  In 
the  gatea.  It  ia  uanal  to  give  a  thickneaa  oT  from  2  to  3  fbet  of  maaonry  behind  the 
sills,  whatever  be  tha  mode  of  finiahiuB  the  wall.  Care  muat  be  taken  that  no  parts 
of  the  masonrj  project,  to  catch  boats  during  their  passage  through  the  locks.  The 
same  observation  appliaa  to  the  coping  of  the  aide-walla,  whioh  muat  be  made  flnih 
with  their  lertieal  Ueet. 
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»  modem  locks,  breast-walls  hare  been  aupprtased  altogether.     Tha  n; 
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jook-gates. 


level  of  the  canal  is  deepened  with  a  gradual  inclination  to  the  upper  chamber,  and 
the  first  pair  of  gates  is  made  sufficiently  high  and  strong  to  resist  its  pressure.  The 
economy  of  this  system  is  more  than  questionable,  and  the  management  of  the  gates 
much  more  difficult  than  in  common  locks. 

The  grooves  in  which  the  heel-posts  of  the  gates  work,  the  floor  they  traverse^  and 
the  clapping-sills,  are  the  portions  of  the  fixed  work  of  canals  which  require  the 
greatest  possible  care  in  execution.  In  some  cases  they  are  all  executed  in  dressed 
stone,  or  ashlar  ;  in  others,  in  wood  of  the  hardest  and  best  description  ;  in  others. 

Fig.  28. 


Cast-iron  Locks. 

again,  in  cast  iron.  It  is  indispensably  necessary  that  the  fitting  of  the  posts  should 
be  perfectly  water-tight,  and  that  friction  at  the  bottom  of  the  gates  should  bo  pre- 
vented. 

49.  On  the  Bllesmere  and  Chester  Canal,  Telford  executed  some  of  the  locks 
entirely  in  cast  iron,  upon  foundations  of  little  better  than  running  sands.  Thej 
answered  admirably  in  such  positions,  but  the  first  cost  was  necessarily  very  con- 
siderable. Perhaps,  in  such  positions  no  other  system  could  have  succeeded  at  all, 
with  the  exception  of  wood  locks,  but  these  have  the  serious  inconvenience  of  early 
decay. 

Owing  to  the  agitation  produced  in  the  lower  chamber  by  the  escape  of  the  water 
through  the  sluices,  it  is  advisable  to  prolong  the  floor  into  the  |)ed  of  the  canal,  for 
a  distance  of  40  feet,  for  an  ordinary  &11  of  8  feet  in  the  lock.  The  entry  to  the 
upper  chamber  is  also  frequently  i>aved  to  about  the  same  distance,  in  order  to  pre- 
vent the  excavations  which  might  be  occasioned  by  the  increased  velocity  given  to  the 
water  at  the  upper  gates. 

50.  For  the  most  important  canals,  the  lock-gates  consist  of  two  leaves,  fitting 
close,  and  bearing  against  the  sills  at  the  bottom  as  well  as  the  grooves  in  the  side- 
walls.  They  are  generally  made  of  wood  ;  but  of  late  years  many  gates  have  been 
executed  in  cast  or  even  in  wrought  iron,  or  in  a  compound  system  of  oast  and 
wrought  iron  and  wood.     (See  Plates  II.  III.  IV.  and  VII.) 

The  gates  are  composed  of  the  upright  posts,  the  turning-post  being  known  as  the 
'  heel-post,'  and  the  meeting  one  as  the  '  mitre-post.*  These  posts  are  united  together 
by  horizontal  rails,  which  support  the  pressure  of  the  water,  and  are  variable  in 
number  according  to  the  height  of  the  gate.  Against  these  rails  the  planking  or 
wrought-iron  plates,  which  close  the  gates,  are  fiurtened. 

The  posts  are  kept  about  2  inches  clear  of  the  floor,  so  as  not  to  bear  immediately 
upon  it  in  their  revolutions ;  they  arc  made  from  8  inches  to  10  inches  above  the 
water  when  the  gates  are  opened  by  machinery,  and  somewhat  longer  when  that 
operation  is  performed  by  a  long  lever  on  the  top  of  the  gates.  The  lowest  rail  is 
usually  placed  4  inches  above  the  floor  ;  the  upper  rail  fimshee  about  4  inches  above 
the  maximum  water-line.  The  intermediate  nuls  are  spaced  according  to  the  effort 
they  have  to  resist    A  raking  brace  is  introduced  between  the  rails  when  the  span  is 
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great^  and  a  wronght-iron  tie  joiiuB  the  foot  of  the  mitre-post  to  the  top  of  the  heel- 
post,  to  present  the  frame-work  from  giving  at  the  foot.  As  the  load  of  the  water  in 
a  lock  presses  with  greater  weight  at  the  bottom  than  at  the  top,  it  follows  that  the 
lower  rails  must  be  kept  closer  together  than  the  npper  ones,  so  that  the  resistance 
may  angment  with  the  e£fort.  In  the  gates  for  a  lock  17  feet  wide  with  an  8-feet 
lift,  it  is  nsnal  to  make  the  posts  and  top  and  bottom  rails  of  the  lower  gates  about 
12  inches  deep  by  from  11  to  12  inches  wide  ;  the  fonr  intermediate  rails  are  abont 
from  10  inches  deep  to  from  9  to  11  inches  wide.  The  npper  gates  are  made  with 
posts  and  top  and  bottom  rails  11  inches  square ;  the  one  or  two  intermediate  i*ails 
being  in  proportion.  The  tenons  haye  one-third  the  width  of  the  rails,  and  enter  the 
post  to  half  its  thickness. 

When  the  gates  are  planked^  the  least  thickness  that  can  be  given  is  2  inches,  or  it 
would  be  impossible  to  canlk  them.  Sometimes  the  planking  is  applied  horizontally, 
sometimes  diagonally.  To  obviate  the  effects  of  any  obstruction  in  the  bottom  of  the 
chamber  upon  the  solidity  of  the  framing,  it  is  usual  to  let  in  wrought-lron  squares, 
flush  with  the  wood- work,  and  bolted  through  at  the  meeting  of  each  rail  with  the 

Fig.  29. 
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Elevation  of  Upper  Gates. 

upright  posts.  These  squares  are  of  iron,  from  2  to  3  inches  wide  by  from  ^  to  {  inch 
thick  ;  the  tie  from  the  foot  of  the  mitre  to  the  top  of  the  heel -post  is  of  iron,  from  5 
\A^\  inches  wide  by  from  J  to  If  inch  thick. 

It  is  important  in  setting  out  the  frame-work  of  lock-gates  to  keep  the  unsupported 
extremity  about  2  inches  higher  than  it  is  required  to  be  in  execution.  This  differ- 
ence will  barely  compensate  for  the  shrinking  of  the  framing. 

The  heel-posts  turn  upon  a  metal  pivot,  working  in  a  metal  socket ;  the  former 
being  let  into  the  floor  of  the  chamber,  and  the  latter  into  the  post,  which  must  also 
be  shod  with  a  wrought-iron  hoop.  In  some  of  the  ancient  locks  the  socket  was  in 
the  floor,  and  the  pivot  upon  the  heel-post ;  but  it  was  found  that  the  mud  in  the 
canal  choked  up  the  socket  very  rapidly.  The  upper  part  of  the  heel-post  turns  in  a 
collar,  made  with  the  hinges,  and  secured  into  the  land  by  a  set  of  long  wrought-iron 
anchors  let  into  the  masonry.  If  the  posts  do  not  mount  for  the  purpose  of  receiving 
levers,  they  may  work  at  the  top  upon  a  pivot  concentric  with  the  lower  one.  The 
size  of  the  collars  is  usually  from  3  to  4  inches  wide  by  |  to  1 J  inch  thick  ;  the  land- 
ties,  or  anchors,  are  5  feet  long  by  from  \\  inch  to  3  inches  square,  with  tieing-down 
bolts  3  feet  long. 
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Fig.  81. 


Elevation  of  Lower  Qfttes. 
Collars. 


Mr.  Barlow  recommends  that  in  large  lock-gates  the  leaves  shonld  present  a  cur- 
Tilinear  section  in  plan,  because  Bnch  a  form  presents  a  greater  resistance  for  the 
same  cubic  quantity  of  wood.  Theoretically  the  best  form  appears  to  be  that  re- 
sulting from  a  portion  of  a  circle  passing  through  the  points  found  by  the  piyots  and 
the  sally  of  the  sail.  He  further  recommends  that  in  practice  the  form  of  a  Gothic 
arch  should  be  preferred,  making  the  apex  from  1  foot  to  18  inches  beyond  that  of  the 
circle  so  ascertained.  The  objection  to  this  form  of  gate  is,  that  it  is  difficult  to  find 
wood  with  a  natural  currature  suitable  for  the  purpose.  When  cast  or  wrought  iron 
is  used,  this  form  should  be  adopted. 

Sometimes,  when  the  gates  are  of  great  height,  they  are  made  in  two  portions,  to 
&cilitate  the  opening.  It  has  also  been  proposed  to  execute  a  portion  of  the  upper 
part  with  hinges,  to  allow  of  its  being  thrown  down  towards  the  end  of  a  lockage,  for 
the  purpose  of  expediting  the  operation  of  filling  the  chamber. 

51.  The  water  is  passed  from  one  level  of  the  look  to  the  lower  one  by  means 
cither  of  sluices  formed  upon  the  gates  themselves,  or  by  small  culverts  passing  from 
one  level  to  the  other,  or  by  syphons.  The  usual  proportion  of  the  waterway  of 
the  sluices  is  about  0*002  to  0*013  of  the  surface  of  the  chamber.  Formerly  the 
sluice-valves  used  to  be  executed  upon  the  gates  themselves,  and  the  whole  was  in 


BIfBB   AND   INLAND    NATIOATION. 


817 


wood.  This  ni  fbimd  to  Bugment  the  thickneu  of  tbe  gates  to  be  lodged  In  tbe 
ride-Talli  to  ui  iDconTeiuent  extent,  end  Utterlj  Ixith  the  gM»  and  tbeir  frames 
iMve  been  executed  in  metal. 

The  TelTei  upon  tlie  gates  should  dose  benneticallf,  and  ba  eaulj  manageable ; 
the;  must  be  u  large  is  poenbta,  to  allow  of  the  locks  being  filled  in  the  shortcat 
poesible  time,  espedall;  during  the  latter  etagea  of  the  operation.  To  fulfil  tbeae  Don- 
ditioni  (he;  must  be  abont  i  feet  vide,  b;  from  1  foot  i  inches  to  1  foot  8  inches 
high.  In  the  laleit  vorks  of  this  deecription,  wbenerer  the  raking  brace  ii  inp- 
pnased,  the  whole  tpaee  between  the  posts  is  devoted  to  the  opening  of  the  tsItcs. 
On  the  Canal  do  Centre,  in  Franoe,  it  was  notiMd  that  the  water  rose  S  feet  in  6 
minntes,  and  the  laat  8  inches  alone  took  4  minntes  more.  To  remed;  (his  loss  of 
time,  on  the  Canal  St.  QnenUn  a  folding  leaf  of  1  foot  wide  was  adapted  to  the  top  of 
the  gate,  and  with  tolerable  saceess.  Bat  tbe  lock-men  in  practice  expedite  the 
operations  b;  opening  the  gates  when  the  difference  of  level  is  abont  6  inches :  to  do 
this  in  a  manneT  not  likel;  to  iiuore  the  gates,  the  chord  b;  which  (he;  on  opoied 
most  be  fixed  at  (  of  the  height. 

The  orifice  of  the  vanes  mast  be  placed  as  nearl;  as  posuble  in  the  centre  of  the 
leaves  of  Ihe  gate^  in  order  that  the  jeU  ma;  meet  and  destro;  their  reciprocal  efieete. 
Thej  are  opened  either  bj  a,  rock  and  pinion,  bj  aa  endless  screw,  or  b;  a  long  lever. 
Freqaentlj  the;  ore  made  with  a  connUrpoise,  to  diminish  the  &ic(ion.  The  sloice- 
valves  are  alwaj^s  placed  on  the  npper  side  of  the  gates. 

Han;  inetoocet  occnr  in  which  iJie  water  passes  throngh  tunnels  froni  (lie  upper  to 
the  lower  level ;  but  sach  a  sjstem  is  liable  to  the  ver;  serious  objections  of  ong- 
nenting  connderabi;  the  qnontil;  of  masonr;  in  the  first  cose,  requiring  more 
ezpenrive  machinery  in  the  second,  and  finall;  in  being  mnch  more  Elcel;  to  get  on(  of 
order.  In  bet,  the  ahmpt  corvee  which  are  Decesearil;  mode  in  inch  (nonels  serve 
to  retain  (be  water  and  an;  mnd  the;  hold  in  snspenmon,  and  thas  cause  the  tnnnel 
to  be  rapid!;  choked  np ;  it  is  also  vet;  difficult  to  repair  or  dean  tliem  ouL  Rgs. 
82  and  33  repieeea(  the  (annels  need  on  the  Canal  de  Briare. 

mg.M. 


An  inconvenience  attached  to  this  mode  of  changing  the  levels  of  the  water  in  the 
lock-chamber  arose  from  the  fiKt  that  the  two  lateral  streams,  issuing  fram  the 
tnnnels,  impressed  on  oscillator;  movement  npon  (he  boats,  cansing  tiuaa  to  strike 
alternate);  npon  the  side-walla.  An  attempt  to  remed;  this  was  made  b;  bringing 
the  month  of  the  tumels  ander  the  breaat-walL  Bnt  snch  a  method,  alHioDgh  it 
obviates  the  lateral  shocks,  is  stjil  objectionable,  inasmach  as  the  strength  of  tbe 
Intrt-wall  ia  mnoh  diminished.      Fnctioall;,  Bngineera  at  the  preaent  da;  have 


HiVEK    AND    INLAND    NATIOATIOK. 


returned  to  the  ajicl 
being  the  simplest  u 


^^ 


In  pToportioaiDg  the  uie  of  the  opeaiog  of  the  ilnioet  It  mnct  b«  honie  in  mind 
that  the  efFectiTC  discharge  from  them  is  nerer  eqafti  to  the  tlieoretioil  di»olil>rge. 
Both  from  the  contraction  of  the  fluid  rem  m  the  first  moiemeDl*  of  th«  fiov,  and  tlie 
diminished  discliarge  owing  to  the  smaller  head  of  water  at  tlie  end,  it  haa  been 
found  that  On  results  ohtuned  from  theorr  differ  Tory  mnch  from  those  which  o«cur 
in  practiw.  When  onlj  one  sluice  is  in  operation,  it  appears  that  the  real  dJJebarga 
is  only  D'G25  of  that  obtained  from  the  elenienta  fnnushed  b;  the  head  of  water  and 
the  snrface  of  the  openibg.  When  two  ainices  are  in  operation  the  eoeffieient  beoomes 
0-S19.  Or  theqnantit}  discharged  throngh  two  slaice-gates,  drawing  vatv  &om 
the  same  aource,  and  whose  streams  meet  immediatelj  after  leanng  the  npper  lerel, 
ma;  be  represented  by  the  formula,  Q  =  m  S  t/^  £1 H ;  in  which  n  =  U 
giren  aboTe ;  S  ^  the  sectional  area  of  the  sloicee ;  ?  =  the  nnmeriea]  e 
grarity  at  the  intended  position  of  the  lock ;  and  H  =  the  height  of  the  head  ahoTe 
the  opening. 

G2.  In  eoostmcUng  the  locks  it  is  desirable  to  provide  mooriag-posts  at  the  ends, 
and  towing'rings  in  the  lide-walls,  to  fitcilitate  the  movements  of  the  boats.  Some- 
times Udders  are  let  into  the  side-walls  to  allow  of  viaiting  and  repairing  the  lower 
parts  of  the  chambers.     Proviuon  of  some  kind,  either  by  means  of  a  rope  stretched 


Bldo-Fond  on  Iha  Cuial  d'ADtoin;. 
B  (lie  lock,  or  by  a  boom,  moat  be  made  to  prerent  boats  ^m  striking  a 
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the  gates  whilst  waiting  to  be  passed  from  one  level  to  the  other.  The  entries  to  the 
chambers  most  also  be  arranged  in  such  a  manner  as  to  allow  boats  to  be  directed 
easily  into  them. 

When  the  navigation  is  active  it  is  necessary  to  have  two  locks  side  by  side,  one 
locking  np  whilst  the  other  locks  down.  Such  an  arrangement  enables  a  considerable 
economy  to  be  effected  in  the  consumption  of  water ;  for  if  an  aqnednct  be  made 
between  the  two,  all  the  water  which  passes  from  one  to  the  other  is,  in  &ct, 
economized  npon  the  quantity  required  from  the  upper  level.  In  warm  dry  climates 
many  systems  have  been  introduced  to  save  the  water  in  lockage,  an  example  of 
which  from  the  Canal  d*Antoing  is  given  ;  but  the  construction  of  such  works  resolves 
itself  at  last  into  a  simple  question  of  economy.  On  the  same  canal  a  veiy  admirable 
system  was  adopted,  which  may  probably  be  found  capable  of  more  general  ap- 
plicability. It  consisted  in  the  establishment  of  a  double  steam-engine  of  112 
horses*  collective  power,  which  pumped  up  the  water  from  the  lower  level  of  a  series 
of  five  locks  placed  in  juzta-position.  The  water  thus  passed  down  through  the  locks 
was  made  to  serve  a  second  time  at  an  expense  not  exceeding  0*00228  of  a  penny 
per  foot  cube.  Such  a  use  of  steam-power  is  not,  however,  cited  as  a  novelty,  for 
many  of  our  own  canals  employed  it  largely.  Telford  appears  to  have  arrived 
at  the  conclusion  that  the  use  of  side-ponds  rather  lengthened  the  operations  of 
lockage.  • 

The  opening  of  the  gates  sometimes  necessitates  the  establishment  of  some  machi- 
nery upon  the  platform  of  the  locks,  especially  when  their  dimensions  are  considerable. 
Small  locks  are  opened  either  by  means  of  a  lever  formed  by  the  prolongation  of  the 
top  rail,  or  by  pushing  or  pulling  the  gates  with  a  kind  of  boat  hook.  Larger  ones 
require  to  be  moved  by  a  rope  or  chain  working  upon  a  barrel  set  in  movement  by  a 
wheel  and  pinion. 

The  communication  between  the  two  sides  of  the  platforms  of  a  lock-chamber  is 
usually  effected  by  means  of  a  footpath  carried  upcn  the  gates  themselves,  care  being 
taken  that  no  projection  be  left  towards  the  chamber  to  interfere  with  the  movements 
of  the  boats. 

Telford  describes  a  system  employed  on  the  Shrewsbury  Canal,  which  may  be 
advantageous  in  eases  where  small  or  short  boats  are  in  general  use.  It  consists  in 
so  forming  the  locks  as  to  admit  either  one,  three,  or  four  boats  to  pass  at  a  time, 
without  the  loss  of  any  more  water  than  what  is  just  necessary  to  regulate  the  ascent 
and  descent  of  the  boat  or  boats  that  are  then  in  the  locks.  This  is  accomplished  by 
having  gates  that  are  drawn  up  and  let  down  perpendicnlarly,  instead  of  being 
worked  horizontally,  each  lock  having  three  gates. 

Substitutes  for  Locks. 

58.  In  some  situations  it  has  been  found  necessary  to  adopt  a  different  method  of 
passing  boats  from  the  higher  to  the  lower  level  of  a  canal  than  by  the  use  of  locks. 
Such  a  necessity  may  arise  from  a  want  of  water,  or  from  the  fact  of  the  natural 
form  of  the  ground  being  so  abrupt  as  to  make  the  number,  or  the  fall  of  the  locks, 
inconvenient.  The  different  means  of  effecting  the  object  in  question  have  varied  in 
an  infinite  degree,  but  they  may  be  conveniently  classified  under  two  heads,  viz. 
balance-locks,  or  inclined  planes. 

Telford  mentions  several  descriptions  of  balance-locks  proposed  from  time  to  time, 
for  details  of  which  the  reader  is  referred  to  the  'Repertory  of  Inventions,'  vols.  i.  ii. 
and  ix.,  and  to  Chapman's  'Observations  on  Canal  Navigation.'  On  the  Grand 
Western  Canal  a  balance-lock  of  this  nature  has  been  executed,  by  which  a  difference 
of  level  of  46  feet  is  compensated  with  a  remarkable  saving  of  time  and  w»ter.    It 
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consists  of  two  chAmbera,  with  a  pier  of  masonry  between  them,  of  the  dimensions 
necessary  to  receive  a  case  into  which  the  boats  are  floated.  Strong  chains  pass  oTer 
a  series  of  wheels  supporting  the  cases,  working  in  the  chamber  in  such  a  manner 
that  one  is  kept  upon  the  upper  level  whilst  the  other  corresponds  wiih  the  lower 
one.  The  quantity  of  water  admitted  into  the  upper  case  is  so  arranged  aa  to  give  it 
a  slight  preponderance  oyer  that  of  the  lower,  sufficient  to  impress  a  gradual  and 
easily  regulated  moyement  to  the  machinery.  The  passage  from  one  lerel  to  the 
other  does  not  occupy  more  than  three  minutes,  and  the  consumption  of  water  is  about 
two-thirds  of  what  would  be  required  to  fill  a  lock  of  the  same  dimension.  The  only 
objection  to  such  a  system  is  its  eTpenae,  and  the  difficulty  of  maintaining  it  in  workii^ 
condition. 

Inclined  planes  hare  long  been  in  use,  and  offer  great'  &cilities  for  orerooming 
*  differences  of  level,  when  these  pass  certain  limits.  In  all  these  cases  it  is  important 
not  to  lose  sight  of  the  fact,  that  the  applicability  of  such  substitutes  for  locks  is 
an  economical  question,  in  which  it  is  necessary  not  only  to  consider  the  cost  of  the 
first  establishment,  but  also  that  of  the  working  and  maintenance.  Unless,  there- 
fore,  the  difference  of  level  be  very  great,  there  can  be  no  advantage  in  departing 
from  the  ancient  system  of  looks. 
Pont  Aux  54.  Telford  mentions  the  construction  of  a  '  pont  aux  rouleaux '  on  a  canal  nev 

Bomeaux*  Saamdam ;  this  consisted  of  a  set  of  rollers  placed  at  short  distances,  over  which,  by 

means  of  a  water-wheel,  the  boats  were  hove  up  to  the  ridge  separating  the  two 
waters  to  a  point  a  little  higher  than  the  level  of  the  upper  one,  and  were  launched 
down  to  the  other. 
Inclined  Planes.  55.  On  the  Duke  of  Bridgewater's  subterranean  canals  one  Inclined  plane  was 
formed  85|  yards  high  and  151  yards  long :  the  water  escaping  from  the  upper 
chamber  in  this  case  served  to  work  the  air-pumps  of  the  lower  level  of  the  mines. 
On  the  Shropshire  canal  there  are  three  inclined  planes,  respectively  of  126,  120, 
and  207  feet  rise,  which  were  completed  in  the  year  1792.  The  boats  are  adapted 
to  frames  upon  carriages  made  to  run  upon  railroads,  and  they  are  set  in  motion  by 
a  steam  engine  acting  upon  an  endless  rope  coiled  upon  a  drum.  On  one  of  these 
inclines,  600  jAtdB  in  length  and  42  yards  rise,  six  boats  were  taken  up  and  six  taken 
down  in  an  hour,  the  steam  engine  and  three  men  only  being  employed.  The  boats 
were  only  of  5  tons  each.  On  the  Shrewsbury  Canal,  Telford  executed  a  plane  228 
yards  long  and  25  yards  rise  on  the  same  principle. 

On  the  Canal  du  Centre  similar  inclined  planes  have  been  introduced,  on  account 
of  the  want  of  water.  On  the  Morris  Canal,  in  the  United  States,  there  are  no  less 
than  fourteen  such  planes,  each  about  100  to  102  feet  high,  with  an  inclination  of 
4  feet  base  to  1  foot  in  height.  M.  Bdtancourt  indicates  as  the  limits  of  Inclination 
a  range  between  8^  and  25*^,  or  from  7  to  46  in  100. 

On  the  Duke  of  Bridgewatei^s  Canal  the  consumption  of  water  for  the  passage  of 
a  boat  is  only  equal  to  about  one-half  a  lockful,  whilst  the  ordinary  system  would 
have  required  no  less  than  from  28  to  30  times  that  quantity.  The  boats  are  run 
into  a  lock  at  either  extremity,  and  the  whole  case  traverses  the  inclined  plane  to  the 
lower  level,  where  the  boat  floats  into  the  ordinary  ][>art  of  the  canal.  On  the 
Shropshire  inclines  they  are  simply  let  into  carriages,  which  are  subsequently  carried 
over  a  summit  closing  the  end  of  the  canal,  and  then  let  down  into  it.  On  the 
Morris  Canal  the  locks  themselves  traverse  the  planes,  so  as  to  maintain  the  boats 
constantly  floating  during  the  passage.  Each  lock  is  50  feet  long,  9  feet  wide,  and 
8  feet  deep,  and  contains  45  tons.  It  rests  upon  a  triangular  frame  running  upon 
rollers,  weighing,  with  the  empty  lock^  15  tons,  or  60  tons  when  full.  The  boats 
usually  weigh,  loaded,  25  tons.    The  cost  of  the  oonstmetion  of  this  series  of  planes 
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upon  the  Morrii  Ouml  wm  only  half  thai  requinte  for  a  set  of  locks  able  to  prodnoe 
the  same  result,  as  fitf  as  compensathfig  the  difierenee  of  lerel  ie  conoenied :  the 
eoonomy  of  water  is  therefore  a  pure  gain. 

(hftr-Bridges, 

56.  When  it  is  necessary  to  er^  bridges  oyer  canals,  the  height  from  the  water- 
line  to  the  under  side  of  the  arch  should  not  be  less  than  18  feet,  if  the  locks 
are  17  feet  in  width.  If  constructed  to  reoeiye  large  boats,  and  the  locks  are 
26  feet  in  width,  it  is  preferable  to  augment  the  height  to  18  feet.  The  water-way 
should  be  from  1  foot  4  inches  to  2  feet  wider  than  in  locks,  for  boats  do  not  stop  to 
pass  through  them,  as  in  the  latter  case.  A  bridge  should  be  placed  in  such  a  position 
that  the  canal  should  be  in  a  straight  line  above  and  below  it  for  about  200  or  800 
yards. 

On  the  Dutch  and  Belgian  canals  it  has  been  found  necessary  to  execute  many 
swivel  or  lifting  bridges,  to  carry  roads  over  the  canals.  Such  erections  are  very 
costly,  and  they  entail  considerable  expense  for  maintenance  and  management.  If 
therefore  they  can  be  ayoided,  and  permanent  works  substituted  for  them,  it  is  very 
desirable.  The  roles  which  regulate  the  construction  of  canal-bridges  are  equally 
applicable  to  all  similar  works :  the  reader  is  therefore  referred  to  the  articles 
'  Bridges,*  and  *  Passage  of  Rivers.' 

Culverts  and  Aqueduct  Bridges, 

57.  In  traversing  a  line  of  country  of  any  length,  especially  in  mountainous  regions, 
streams  holding  much  foreign  matter  in  suspension  are  frequently  to  be  diverted,  so 
as  not  to  discharge  their  waters  into  the  canal.  Such  streams  may  be  encountered 
at  different  levels,  either  above  or  below  the  water-line  of  the  canal,  requiring  a 
different  system  of  construction  in  either  case. 

If  the  level  of  the  stream  be  much  above  that  of  the  canal,  the  simplest  mode  of 
dealing  with  it  is  to  carry  the  aqueduct  at  once  at  the  higher  level.  But  such  a  case 
rarely  occurs,  and  the  streams  mostly  are  but  little  removed  from  the  level  of  the 
canal,  rendering  necessary  the  construction  of  a  syphon  or  a  straight  culvert  Such 
culverts  are  simple  enough ;  but  the  syphons  are  difficult  to  repair,  and  they  very 
soon  choke  up  if  the  waters  brought  down  by  the  stream  be  at  all  troubled.  They 
should  only  be  used  for  veiy  limpid  waters,  and  settling  reservoirs  should  be  formed 
before  the  entry  of  the  syphons. 

When,  however,  the  stream  assumes  any  considerable  dimensions,  it  is  neces- 
sary to  carry  the  canal  over  it  by  a  bridge,  the  form,  nature^  and  expense  of  which 
depend  on  the  size  of  the  river  to  be  traversed.  Such  a  bridge,  in  addition  to  the 
ordinary  difficulties  attending  the  construction  of  similar  works,  becomes  more  diffi- 
cult from  the  necessity  of  rendering  it  water-tight.  Leakages,  in  fact,  compromise 
the  solidity  of  the  works  in  the  same  proportion  as  they  entail  a  loss  upon  the  water 
in  the  canal.  For  small  bridges  this  object  may  be  effected  by  lining  the  bottom  of 
the  bed  with  lead  or  zinc  ;  for  larger  works  such  a  course  is  not  applicable,  and  the 
bridge  itself  must  be  made  to  retain  the  water. 

The  width  of  the  water-way  in  a  bridge  aqueduct  need  not  be  more  than  8  inches 
on  each  side  than  the  widest  boats  likely  to  traverse  it,  or,  in  fact,  a  little  more 
than  that  of  the  locks  upon  the  same  canaL  Only  one  towing-path  is  absolutely 
necessary,  although  it  is  usual  to  execute  two  :  if  for  men,  8  feet  is  sufficient ;  if  for 
horses,  they  should  be  6  feet  wide. 

When  the  bridge  is  executed  in  masonry,  the  actual  bed  of  the  canal  should  not  be 
eonstrucbed  until  the  centres  hare  been  struck,  and  all  settlements  have  taken  their 

TOL.  m.  T 


322  RITXa    AND   INLAND    NATIQATtOH. 

fbll  effect  Th«  bed  shaiild  ba  exeeated  in  eoaerttt,  mtAe  lerj  cazttutlj  nitli  tb* 
twit  hjdjBulic  lime  ;  and  it  ii  a  Teij  neaunrj  pracntion  to  form,  in  the  haniMliw 
of  tbe  arches,  aqcedaete  to  cany  off  the  waten  vbich  might  filter  throng  Whoi 
the  bed  It  eiecQt«d  in  maeonry,  care  mtut  be  tak en  to  coat  tlie  iDtradoi  of  th«  atiJie* 
with  ndur  aiphall  or  coDOrete,  and  the  iuiide  of  the  mMonij  mnit  be  ptonted  and 
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rendered  with  hydnnlic  oemeni.    The  water  most  be  introdaced  as  80on  as  poauble, 
in  order  to  prerent  fissures  from  the  sadden  drying  of  the  lining. 

58.  The  aqnedncts  of  Digoin  and  of  the  Allier,  execnted  nnder  the  orders  of 
M.  Jolien,  are  perhaps  the  most  carefoUy  executed  works  of  this  description  erected 
of  late  years.  That  of  Digoin  is  810  feet  long,  and  consists  of  eleyen  arches ;  that 
over  the  Allier  is  1298  feet  long,  with  eighteen  arches,  and  three  locks  comprised  in 
the  prolongation  of  the  wing-wall  on  the  down  side.  The  first  aqnedact  cost  about 
£192  per  metre,  or  £172  per  yard ;  the  second  cost  £296  per  metre,  or  £266  per 
yard. 

On  the  aqueduct  for  the  Union  Camd  in  Scotland,  a  warm-air  fine  was  introduced 
to  present  the  injurious  effect  of  the  frost.     (See  fig.  87.) 

On  the  Bllesmere  and  Chester  Canal,  Telford  constructed  one  of  the  most  remark- 
able and  original  works  which  he  oyer  executed,  to  carry  the  canal  over  the  yalley  of 
the  Dee.  It  consists  of  an  aqueduct  1007  feet  in  length  by  a  maximnTn  height  of 
127  feet  The  piers  are  about  45  feet  apart  from  centre  to  centre,  by  7  feet  6  inches 
wide,  and  13  feet  broad  at  the  top.  The  trough  is  formed  of  cast-iron  plates,  sup- 
ported upon  four  cast-iron  arched  beams  of  7  feet  6  inches  chord  to  the  intrados, 
well  cross-braced  and  tied  together.  The  towing-path  is  supported  in  such  a  manner 
as  to  allow  the  water  to  flow  freely  under  it.  The  side  and  bottom  plates  are  firmly 
bolted  and  riyeted  together.  The  total  expense  of  this  truly  wonderful  work  was 
£47,018,  or  about  £141  per  yard;  and  conaidering  the  boldness  of  its  conception, 
the  skill  with  which  its  details  were  carried  out,  and  its  moderate  cost,  the  superior 
attainments  of  this  eminent  Engineer  must  be  admitted. 

In  the  United  States,  where  wood  is  cheap,  and  masonry  and  iron- work  excessiyely 
dear,  aqueducts  haye  been  executed  in  carpentry.  The  most  remarkable  work  of  this 
kind  is  that  which  carries  the  Canal  of  Alexandria  across  the  Potomac  at  G^rgetown. 
It  is  about  1077  feet  long  between  the  abutments,  and  has  nine  arches.  The  piers 
are  about  7  feet  2  inches  wide  at  top,  with  a  batter  of  ^th  on  each  nde,  and  they 
receiye  the  trough  at  a  height  of  about  29  feet  aboye  high- water  mark.  Three  of  the 
piers,  howeyer,  are  of  an  extra  width,  so  as  to  form  intermediate  abutments ;  they 
are  made  12  feet  10  inches  wide  at  the  top.  The  length  of  the  ordinary  piers  is  41 
feet  at  the  summit ;  measured  upon  the  cut- water,  at  high-tide  leyel,  they  are  47  feet 
6  inches.  The  trough  was  executed  in  wood- work,  upon  Town*s  system,  with  double 
lattice  on  each  side,  18  feet  8  inches  deep.     (See  Plate  V.) 

The  most  extraordinary  canal  aqueducts  hitherto  executed  are,  howeyer,  those 
lately  erected  upon  the  irrigation  canals  of  India,  by  Colonels  Cantley  and  Baird 
Smith,  Lieut.  Haig,  and  the  officers  of  the  Indian  army.  Thus  the  Gunnarum 
Aqueduct  oyer  the  Godayery  is  2248  feet  long,  and  has  49  arches  of  40  feet  clear 
water-way  ;  the  Solani  Aqueduct  is  750  feet  long,  it  has  17  arches  with  50  feet  clear 
water-way,  and  a  transyerse  section  of  not  less  than  1700  superficial  feet  in  the 
water-way  of  the  canal  itself. 

There  are  numerous  inconyeniences  attached  to  the  erection  of  bridge  aqueducts, 
which  should  lead  the  Engineer  to  prefer  carrymg  the  canal  in  embankment,  eyen  at 
an  increased  expense,  if  there  be  no  insurmountable  difficulty  in  so  doing.  The  dimi- 
nution in  the  width  of  the  canal  renders  the  traction  more  difficult :  much  time  is 
lost  by  the  boats  being  forced  to  wait  their  turn ;  the  maintenance  is  always  a  source 
of  great  outlay  ;  and,  lastly,  the  great  cost  of  such  erections  often  leads  to  lowering 
the  canal  on  one  side  to  rise  again  on  the  other,  in  order  to  saye  the  height  of  the 
piers.  If,  howeyer,  the  erection  of  a  bridge  aqueduct  be  ineyitable,  it  is  necessary,  in 
addition  to  the  precautions  already  mentioned,  to  place  waste-weirs  aboye  the  entry, 
so  that,  in  case  of  flood,  water  may  not  fall  oyer  the  sides  of  the  embankment. 
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Meeting  a  Biver  on  the  tame  Levd. 

59.  Many  of  the  affluents  of  the  nren  irhkik  nm  in  the  ndletja  iHuwe  direotion  a 
canal  follows  most  ocoasionaUy  cross  it  at  the  same  leveL  If  th^  be  not  diTorted 
and  passed  under  the  canal,  bat  made  use  of  for  its  supply,  caze  must  be  taken  to 
form  settling  reserroirsi  and  a  dam  with  jpwper  slaioes  to  regolate  the  quantity  of 
water  to  be  admitted,  and  to  destroy  the  Telocity  it  might  haye  acquired  in  its 
natural  flow. 

When  the  stream  is,  howeyer,  sufficiently  large  to  be  nayigable,  it  is  necessary  to 
construct  such  a  system  of  locks  as  to  be  able  to  close  either  nayigation  which  may 
not  bo  required  ;  the  normal  position  of  the  locks  being  such  as  to  Tnaintain  a  con- 
stant leyel  of  water  in  the  canaL  The  great  danger  to  be  feared  in  cases  of  this 
description  is,  that  the  streams  may  bring  down  foreign  matter  to  choke  the  bed  of 
the  canal. 

On  the  Canal  du  Midi  an  ingenious  system  for  dosing  the  bed  of  a  toirent  at  the 
Ume  of  floods  was  introduced.  It  consists  of  a  pontoon,  one  side  of  which  is  fixed 
▼ertically,  and  the  opposite  side  is  made  with  a  hinge.  At  the  time  of  floods  this 
pontoon  is  floated  to  the  mouth  of  the  torrent,  and  the  hinged  side  is  let  down,  the 
yerUcal  one  forming  a  dam.  When  the  floods  are  oyer,  the  side  Lb  raised  and  the 
pontoon  floated  away.  It  is  maintained  in  its  position  by  walls  in  masoniy  at  the 
intersection  of  the  stream  with  the  canal. 

An  example  of  a  canal  meeting  a  nayigable  liyer  is  giyen  in  the  Plates. 

Su2>pli/  ValveSf  Waste  Weirs,  and  Supplementary  Worhs. 

60.  The  introduction  of  water  into  canals  is  efiected  by  means  of  conduits^  which 
are  regulated  by  gates  whose  openings  are  proportioned  to  the  wants  of  the  nayiga- 
tion. The  nature  of  these  works  yaries  so  much  with  the  nature  of  the  supply  of 
each  particular  canal,  that  no  general  rule  can  be  laid  down  for  their  construction. 
They  must  of  course  be  laige  enough  to  admit  the  flow  of  water  with  tolerable 
rapidity,  in  order  to  fill  the  canal  with  the  least  possible  loss  of  time  after  it  has  been 
laid  bare. 

Waste-weirs  must  also  be  proyided  in  each  long  reach  of  a  canal,  sometimes  with 
a  channel  to  lead  the  surplus  water  into  the  natural  discharge  of  the  surrounding 
country.  In  other  cases  the  surplus  water  may  be  allowed  to  fall  oyer  the  lock-gate 
or  be  led  by  a  tunnel  to  the  lower  leyel.  Care  must  however  be  taken  that  no  cataract 
be  formed  in  positions  likely  to  injure  the  solidity  of  the  works,  and  that  the  waters 
be  not  allowed  to  have  a  dangerous  yelocity  at  their  place  of  discharge.  Mr.  Thorn 
introduced  upon  the  conduits  leading  water  to  Qreenock  seyenJ  systems  of  self-rogn* 
lating  sluices,  which  might  be  adyantsgeously  applied  upon  canals. 

Safety-gates  haye  been  occasionally  used,  which  serve  to  dose  the  canal  when  a 
current  is  formed  in  any  particular  direction  by  a  fissure  of  any  kind.  Th^y  are^  how- 
ever, of  doubtful  utility,  for  they  hardly  ever  act  efficiently  in  cases  of  need. 

Outfalls  must  be  provided  in  each  long  reach  of  canal,  to  allow  of  its  being  laid 
dry  for  repairs  or  examination.  Indeed,  as  this  suspension  of  the  navigation  must 
take  place  once  a  year  on  account  of  the  deposit  of  mud,  or  the  development  of  the 
aquatic  plants,  it  is  important  that  it  should  be  efieeted  with  the  least  possible  loss  of 
time. 

Junction  with  Itivers,  and  Termini, 

61.  The  termination  of  a  canal  in  a  river  usually  requires  a  doable  lock  to  main- 
tain the  level  of  the  waters,  dther  against  the  upper  or  under  stream,  especially 
when  the  emboaohare  is  partly  exposed  to  tidal  action.    It  is  advisable  that  raoh 
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loekB  be  preceded  by  a  b«am  or  dook  of  mifieieiit  dimeniioiu  to  allow  lea-going  TOMele 
to  enter  eimiiltaiieoiiily  with  barges ;  and  in  snoh  oaiei  it  ie  usual  to  proride  a  set  of 
loek-gates  to  doae  the  end  of  the  eanal  whieh  joins  the  basin.  An  ezoellent  example 
of  such  a  basin  exists  at  the  terminns  of  the  Regent's  CanaL 

In  ordinaxy  oases  the  entry  into  a  riyer  must  be  placed  on  the  eonoaye  bank,  to 
ayoid  the  destmctiye  action  of  the  stream ;  bat  as  deposits  take  place  on  the  ooneaye 
sides,  means  most  be  pnmded  to  scour  the  passage  to  the  locks.  The  entry  mnst 
be  aboye  any  affluent  which  might  be  in  the  netghbonrhood  ;  and  its  direction  shonld 
form  an  acute  angle  with  the  stream  of  the  main  riyer,  as  was  obsenred  nnder  the 
head  of  *  Biyer  Nayigation.'  The  upper  jetty  shonld  project  into  the  stream  so  as  to 
render  the  water  in  the  entry  perfectly  still ;  the  lower  one  shonld  join  the  bank 
with  an  easy  corre.  Mooring-i)OBts  and  guard-booms  should  be  proyided  at  the 
entries,  to  £Eu:ilitate  the  moyement  of  the  boats,  and  to  guard  the  lock-gates  from  the 
shocks  of  the  yessels. 

The  first  look  should  be  placed,  at  least,  one  dear  boat's  length  from  the  extremity 
of  the  normal  line  of  the  bank  on  the  up-stream  side.  Basins  must  be  formed  both 
at  the  termini  and  at  the  intermediate  d6p6t8,  and  also  such  roads,  sheds,  machinery, 
and  offices  as  the  nature  and  importance  of  the  nayigation  may  require. 

Fences  and  Enclosures,  Ac. 

62.  Lastly,  it  is  necessary  that  a  canal  be  carefully  protected  from  injury  by  tres- 
passers, or  by  the  cattle  in  country  districts,  by  means  of  strong  and  efficient  fencing. 
Such  fences  should  be  backed  by  a  hedge  and  ditch,  for  the  double  purpose  of  render- 
ing the  enclosure  more  perfect,  and  of  carrying  off  the  rain-water  it  is  considered 
desirable  not  to  direct  into  the  canal.  In  the  interior  of  towns,  or  upon  the  borders 
of  a  highly  frequented  road,  it  is  often  necessary  to  enclose  a  canal  with  a  solid  wall, 
or  at  least  with  a  close-boarded  fencing.  Basins,  or  intermediate  ports,  are  especially 
necessary  in  such  positions  as  require  i)erfect  enclosure,  both  for  the  security  of  the 
canal  itself  and  for  that  of  the  goods  transported. 

D^p^ts  must  be  formed,  at  conyenient  distances,  of  all  the  materials  necessary  for 
the  maintenance  and  repairs  of  either  the  bed  of  the  canal  or  of  the  works,  induding 
under  that  term  locks,  bridges,  culyerts,  and  aqueducts.  It  is  advisable  to  have  in 
such  d6p6t8  all  the  materials  necessary  to  form  a  dam  across  the  canal,  in  case  it 
becomes  requisite  to  execute  on  an  emergency  any  repairs  which  would,  without  such 
a  precaution,  require  the  canal  to  be  entirely  laid  dry.  Materials  for  the  repair  of  the 
towing-path  must  also  be  proyided  at  convenient  spots. 

The  dangers  arising  from  the  burrowing  of  moles  and  rats  are  so  great  that  it  is 
expedient  to  have  a  person  specially  charged  to  destroy  those  animals.  But  perhaps 
the  best  remedy  would  be  to  execute  a  concrete  lining  to  the  canal,  instead  of  merely 
puddling  it. 

Constant  superintendence  on  the  part  of  the  resident  Engineer  cannot  be  too  much 
insisted  upon.  The  embankments,  cuttings,  tunnels,  locks,  lock-gates,  bridges,  and 
culverts,  are  all  exposed  to  injury ;  but  a  slight  repair  in  the  first  instance  would 
often  save  immense  outlay  in  the  end,  and  it  is  but  bad  economy  to  endeavour  to  dis- 
pense with  skilful  superintendence. 

68.  A  statistical  account  of  the  canals  in  diffisrent  countries  wotdd  &r  exeeed  the 
limits  of  this  artide  :  the  following  statement  will,  however,  indicate  the  commercial 
importance  of  the  subject,  and  serve  as  a  guide  to  the  Engineer  in  forming  approxima- 
tive estimates  of  the  cost  of  similar  works. 


826 


EIVER   AND   INLAND   NAYIOATION. 


lUinUnanoe. 


Detailad  Costa. 


In  England,  according  to  Mr.  G.  BennSe'a  Report  to  the  Britiah  Aaaooiation,  in  the 
years  1838  and  1889,  no  leas  than  2277  milea  of  canal  naTigation  had  been  ezeeated 
up  to  that  period  ;  in  Scotland  not  mach  more  tlian  200  miles ;  and  in  the  whole 
island  of  Great  Britain,  2236  miles  of  riyer  naTigation  had  been  improved. 

In  the  United  States,  up  to  the  year  1837,  more  than  2000  miles  of  canal  had  beea 
constructed,  at  an  average  cost  of  about  £4600  per  mile. 

In  France,  to  about  the  same  period,  according  to  the  statistics  communicated  to 
Mr.  Q.  Bennie^  there  was  executed  for  the  seven  lines  of  junction  between  two  seas 
a  length  of  canal  of  8,068,876  metres,  at  a  cost  of  806,429,601f.  50c  The  length 
of  the  lines  leading  to  Paris  was  1,020,022»'64,  at  a  cost  of  143,985,916  franca. 

64,  The  maintenance  of  the  New  York  Canals  cost,  up  to  1837,  no  less  than  £180 
per  mile ;  that  of  the  Ohio  canal,  £64.  On  the  French  canals,  the  maintenance  haa 
varied  from  £60  to  £87  per  mile. 

65,  It  may  be  estimated  with  tolerable  safety  that  the  average  cost  of  canals  is  about 
£4  per  yard,  with  an  addition  of  about  £1000  per  yard  of  the  fedl  of  lockage.  Each 
lock  on  an  ordinary  canal  costs  about  £3000.  On  the  Caledonian  Canal,  where  the 
locks  are  170  feet  long  by  40  feet  wide^  and  8  feet  fall,  the  cost  was  about  £6000  per  lock. 

The  waste  weirs  for  a  laige  canal  cost  about  £1500  each. 

Basins  and  ddpdts  on  the  intermediate  parts  of  the  line  require  an  additional  sum 
of  about  £1500  each.  Those  at  the  termini  vary  so  greatly  in  importance  that  it  is 
not  possible  to  predicate  their  expense. 

Common  under-bridges,  of  not  more  than  30  feet  span,  cost  about  £500  each,  on 
the  average.    Small  over-bridges  may  be  taken  at  the  same  price. 

It  is  difficult  to  estimate  the  ezx>ense  of  large  aqueducts  ;  but  as  an  approximation, 
it  may  be  stated  that  some  of  the  most  expensive  have  cost  as  much  as  £2  per  yard 
superficiakof  waterway,  when  they  have  been  about  130  feet  high. 

Working  and  Tolls, 

66,  In  the  working  of  canals,  the  expense  of  loading  and  unloading  the  barges  may 
be  taken  at  from  7d,  to  IQd,  per  ton ;  and  the  traction  and  expenses  of  navigation, 
upon  a  well-managed  canal,  should  not  exceed  5d,  per  mile  traversed  by  a  boat.  The 
tolls  must  necessarily  vary  with  the  number  of  locks  and  the  first  cost  of  the  canal : 
they  may,  however,  be  assumed  as  being  about  the  same  as  the  traction,  or  5d.  per 
mile  traversed. 

The  loss  upon  the  goods  transported,  owing  to  the  leakage  of  the  beats,  is  some- 
times as  much  as  1  per  cent,  on  their  value  ;  and  a  similar  allowance  is  commonly 
made  for  the  pilfering  to  which  the  cargoes  are  exposed. 

The  principles  which  have  guided  the  French  Legislature  in  fixing  the  tolls  to  be 
taken  by  the  Companies  constructing  canals  in  that  country  have  been  to  allow  a 
charge  of  0''10  per  ton  and  per  kilometre,  or  1***6  per  ton  per  mile.  Empty  boats 
returning  pay  ouly  Is.  i>er  lock  passed. 

EOADS.* 

PAET   I.— TRACING  AND   C0N8TETJCTI0N. 
8E0TI0K   I. — TRACina  Of  ROADS. 

No  surer  indication  can  be  afforded  of  the  extent  of  a  country's  trade,  or  even  of 
its  advancement  in  civilization,  than  the  existence  of  good  and  sufficient  means  of 
internal  communication.  For  since  it  is  one  of  the  wise  dispensations  of  Providence 
that  many  of  those  commodities  which  the  present  artificial  state  of  society  teaches 
us  to  regard  as  necessaries,  are  very  unequally  distributed,  some  being  wanting  in 
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oertun  localities  where  again  others  are  only  found,  it  becomes  necessary,  in  order 
that  all  may  he  equally  well  served,  that  an  interchange  of  these  commodities  shonld 
take  place,  so  that  the  whole  conntry  may  participate  equally  in  the  enjoyment  and 
use  of  those  things  which  would  otherwise  be  confined  to  only  certain  districts. 
Thus,  we  may  have  in  one  part  of  a  country  huge  forests,  stocked  with  yarious  kinds 
of  timber  ;  in  another  extensive  tracts  of  fertile  land,  capable,  if  properly  cultivated, 
of  yielding  supplies  of  com  and  other  produce,  sufficient  for  the  support  of  a  densely- 
populated  country  ;  in  a  third  mineral  treasures,  coal  and  iron,  or  the  more  precious 
metals  ;  in  "another  stone,  well  adapted  for  the  construction  of  houses,  and  for  other 
building  purposes :  and  yet,  with  all  these  latent  treasures  dispersed  throughout  the 
country,  of  what  avail  would  they  be,  unless  the  means  were  possessed  of  conveying 
them  to  every  part  of  the  land,  and  thus  distributing  to  all  what  would  otherwise  be 
enjoyed  but  by  few  ? 

It  is  not,  however,  only  for  the  purposes  of  its  own  internal  trade  that  good  means 
of  communication  are  required :  they  become  even  more  necessary,  to  insure  an 
extensive  commerce  with  foreign  countries,  to  enable  the  peculiar  produce  of  the 
several  districts  to  be  brought  together  to  those  parts  of  the  coast  which  have  been 
either  naturally  or  artificially  formed  into  ports,  and  then  ag^  to  distribute  to  every 
part  of  the  country  the  goods  brought  in  exchange  from  foreign  lands,  comprising  fre- 
quently the  necessaries  as  well  as  the  luxuries  of  human  life. 

And  further,  good  means  of  internal  communication  are  essential  for  the  proper 
defence  of  a  country  (whether  island  or  continental)  against  either  the  attacks  of 
foreign  aggressors  or  civil  tumults,  rendering  a  much  smaller  standing  army  necessary 
for  this  purpose  than  would  otherwise  be  required. 

Such  being  the  case,  it  will  not  be  a  matter  of  surprise  that,  from  the  earliest 
periods,  and  in  all  nations  having  any  pretensions  to  civilization,  the  establishment 
and  improvement  of  the  means  of  internal  communication  has  always  been  regarded 
as  a  consideration  of  primary  importance ;  and  one  which  has  engaged  the  highest 
talents  of  the  Military  or  Civil  Engineer,  the  result  of  whose  exertions,  devoted  to  the 
aooomplishment  of  this  object,  has  been  the  perfection  of  common  roads,  railways, 
and  canals. 

It  is  not  necessary  to  enter  into  the  comparative  merits  or  advantages  of  these 
several  means  of  communication,  in  order  to  establish  the  importance  and  necessity  of 
common  roads.  For  although,  under  certain  circumstances,  it  might  be  questionable 
which  of  the  three  would  be  the  best  adapted  for  serving  the  tract  of  country 
through  which  it  was  to  pass,  there  are  an  innumerable  number  of  cases  in  which 
only  the  common  road  could  be  advantageously  employed.  Bailways  and  navigable 
rivers  or  canals  may  be  regarded  as  the  arteries  of  traffic ;  while  common  roads  are 
■imply  the  veins  or  smaller  ramifications  through  which  the  means  of  conveyance 
are  carried  into  every  nook  and  comer  of  the  land.  It  would  be  quite  impracticable 
so  to  intersect  any  country  with  canals  or  railways  as  to  obviate  the  necessity  of 
common  roads,  or  to  make  the  former  universally  supersede  the  latter. 

The  formation  of  a  perfect  general  system  of  railway  communication  necessitates 
the  construction  of  several  new  common  roads,  in  order  that  towns  situated  at  some 
distance  from  the  nearest  line  of  railway  may  fully  participate  in  the  benefits  to  be 
derived  from  it. 

Before  entering  into  practical  details  on  the  construction  of  such  roads,  it  will  be 
desirable  to  explain  the  manner  in  which  a  person  should  proceed  in  exploring  a 
tract  of  country  for  the  purpose  of  determining  the  best  course  for  a  road,  and  the 
principles  which  should  guide  him  in  his  final  selection  of  the  same. 

Let  us  suppose  that  it  is  desired  to  form  a  road  between  two  distant  towns,  a  and  b, 
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fig.  1|  and  let  tis,  for  the  present,  neglect  altogether  the  conaideFation  i»f  the  phyiieal 
features  of  the  intervening  country ;  assuming  that  it  is  equally  &ToiirabIe^  wbttttrer 
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line  we  select.  At  first  sight  it  would  appear  that,  under  such  circumstanoefl,  a  per* 
fectly  straight  line  drawn  from  one  town  to  the  other  would  be  the  best  that  oonld  be 
chosen.  On  a  more  careful  examination,  however,  of  the  locality,  we  may  find  that  tlwre 
is  a  third  town,  o,  situated  somewhat  on  one  side  of  the  straight  line  which  we  have 
drawn  from  a  to  b  ;  and  although  our  primary  object  is  to  connect  only  the  two 
latter,  that  it  would,  nevertheless,  be  of  considerable  service  if  th:)  whole  of  the 
three  towns  were  put  into  mutual  connection  with  each  other.  Now  this  may  be 
effected  in  three  different  ways ;  any  one  of  which  might,  under  certain  dream- 
stances,  be  the  best.  In  the  first  place  we  might,  as  originally  suggested,  form  a 
straight  road  from  a  to  b,  and  in  a  similar  manner,  two  other  straight  roads  from  ▲  to 
0,  and  from  b  to  o,  and  this  would  be  the  most  perfect  way  of  effecting  the  object  in 
view  ;  the  distance  between  any  two  of  the  towns  being  reduced  to  the  least  possible. 
It  would,  however,  be  attended  with  considerable  expense,  and  it  would  be  requisite 
to  construct  a  much  greater  length  of  road  than  according  to  the  second  plan,  which 
would  be  to  form,  as  before,  a  straight  road  from  A  to  b,  and  from  o  to  construct  a 
road  which  should  join  the  former  at  a  point  n,  so  as  to  be  perpendicular  to  it ;  the 
traffic  between  A  or  b  and  o  would  proceed  to  the  point  D,  and  then  turn  off  to  o  ; 
with  this  arrangement  while  the  length  of  the  roads  would  be  very  materially 
decreased,  only  a  slight  increase  would  be  occasioned  in  the  distance  between  o  and 
the  other  two  towns.  The  third  method  would  be  to  form  only  the  two  roads  A  o  and 
0  B,  ia  which  case  the  distance  between  A  and  b  would  be  somewhat  increased,  while 
that  between  a  and  c,  or  b  and  o,  would  be  diminished  ;  the  total  length  of  road  to 
be  constructed  would  also  be  lessened. 

As  a  general  rule,  it  may  be  taken,  that  the  last  of  these  methods  is  the  best,  and 
most  convenient  for  the  public  ;  that  is  to  say,  that  if  the  physical  character  of  the 
coj^try  does  not  determine  the  course  of  the  road,  it  will  generally  be  found  best  not 
to  adopt  a  perfectly  straight  line,  but  to  vary  the  line  so  as  to  pass  through  all  the 
principal  towns  near  its  general  course  ;  for  the  reason  that  the  public  may  be  eon* 
veyed  from  town  to  town  with  greater  facility  and  less  expense  than  if  the  straight 
line  were  adopted,  and  the  towns  were  merely  made  to  communicate  with  it  by  means 
of  branch  roads  ;  since,  with  the  first  arrangement,  any  vehicles  established  to  cenvey 
passengers  or  goods  between  the  two  terminal  towns  would  pass  through  all  those 
which  were  intermediate ;  while,  if  the  straight  line  and  branch  road  system  were 
adopted,  it  would  be  requisite  also  to  have  a  system  of  branch  coaches  to  meet  the 
coaches  on  the  main  line. 

In  laying  out  a  road  in  an  old  country  which  has  been  long  inhabited,  and  in 
which  the  position  of  the  various  towns,  &c.,  requiring  road  accommodation  is 
therefore  already  determined,  we  are  lefi  less  at  liberty  in  the  choice  and  selection  of 
the  line  of  road,  and  must  be  guided  in  that  choice  by  different  comdderations  to 
those  which  would  determine  the  line  of  a  road  made  through  a  new  oonntiy,  where 
our  only  object  was  to  establish  the  easiest  and   best  road  between  two  distant 
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Btations.  In  the  first  ease  we  should  take  into  consideration  the  position  of  the 
▼arioos  towns  and  other  inhabited  districts  situated  near  the  intended  road,  and  its 
course  would  be,  to  a  certain  extent,  controlled  thereby ;  while,  in  the  second  case, 
we  should  simply  examine  the  physical  character  of  the  country,  and  base  all  our 
proceedings  on  the  result. 

Whichever  of  these  two  cases,  however,  may  have  to  \>e  dealt  with,  in  the  ultimate 
selection  and  adoption  of  the  line  of  road  between  these  points  which  are  fixed  by 
other  circumstances,  the  same  careful  examination  of  the  physical  character  of  the 
oountiy  should  be  made,  and  the  same  principles  should  control  the  choice. 

In  examining  almost  any  tract  of  country,  one  of  the  first  points  which  must 
attract  our  notice  is  the  unevenness  or  undulation  of  its  sur&ce ;  but  if  we  extend 
our  obserration  a  little  further,  we  shall  perceive,  even  in  the  most  apparently 
irregular  countries,  the  same  general  principle  of  conformation.  We  shall  find  the 
country  intersected  in  various  directions  by  rivers  decreasing  in  sise  as  they  leave 
their  point  of  discharge  ;  from  these  main  rivers  we  shall  find  lesser  ones  branching 
o£f  on  both  sides,  and  running  right  and  left  through  the  country,  and  from  these 
again  still  smaller  streams  and  brooks  ;  furthermore  we  shall  find  the  ground  fiUling 
in  every  direction  towards  these  natural  watercourses,  forming  a  ridge,  more  or  less 
elevated,  running  between  them,  and  separating  from  each  other  the  districts  drained 
by  each  separate  stream. 

In  all  cases  it  should  be  the  first  business  of  a  person,  engaged  in  laying  down  a 
line  of  road,  to  make  himself  thoroughly  acquainted  with  all  these  features  of  the 
country  :  he  should  possess  himself  of  a  plan  or  map,  shewing  accurately  the  course 
of  all  the  rivers  and  principal  watercourses,  and  upon  this  he  should  further  mark 
the  lines  of  greatest  elevation,  or  the  ridges  separating  the  several  valleys  through 
which  they  flow ;  it  would  also  be  of  peculiar  service  if  the  plan  contained  contour 
lines  shewing  the  comparative  levels  of  any  two  points,  and  the  rates  of  declivity  of 
every  portion  of  the  country's  sur&ce.  The  system  of  shewing  upon  plans  the  levels 
of  the  ground  by  means  of  contour  lines  is  one  of  much  utility,  not  only  in  the 
selection  of  roads  and  all  other  lines  of  communication,  but  in  the  drainage  of 
towns  as  well  as  their  supply  with  water,  in  the  drainage  and  irrigation  of  lands,  and 
for  almost  all  purposes.* 

The  annexed  plan  (fig.  2)  shews  an  imaginary  tract  of  country,  to  illustrate  more 
dearly  the  mode  of  shewing  by  means  of  contour  lines  the  physical  features  which 
may  .belong  to  it.  The  hatched  line,  i  f  a  h  i,  is  supposed  to  be  the  elevated  ridge, 
encircling  the  valley  shewn  in  the  plan ;  t^ie  fine  black  lines  are  contour  lines, 
indicating  that  the  ground  over  which  they  pass  is  at  the  altitude  above  some  known 
mark  expressed  by  the  figures  placed  against  them  in  the  margin ;  and  it  will  be 
observed  that  these  Hues,  by  their  greater  or  less  distance,  produce  the  effect  of 
shading,  and  make  apparent  to  the  eye,  at  one  view,  the  undulations  and  irregu- 
larities in  the  surface  of  the  country. 

In  laying  out  a  line  of  road  there  are  three  cases  which  may  occur,  and  each  of 
these  is  exemplified  in  the  plan  (fig.  2) ;  first,  the  two  places  to  be  connected  may  be 
both  situated  in  the  same  valley,  and  upon  the  same  side  of  it,  that  is,  not  separated 
from  each  other  by  the  main  stream  which  drains  the  valley,  as  the  towns  a  and  b  on 
the  plan,  and  this  is  the  simplest  case  which  can  occur ;  secondly,  although  both  in 
the  same  valley,  they  may  be  on  opposite  sides  of  the  valley,  as  a  and  o,  being 
separated  by  the  main  river ;  thirdly,  they  may  be  situated  in  different  valleys,  so  as 
to  be  separated  by  an  intervening  ridge  of  ground  more  or  less  elevated,  as  A  and  n. 

*  Sco  article  *  Contouring,'  voL  i. 
VOL.  III.  2 


In  tajing  oat  an  cxteiuiTe  luM  ot  roaJ,  i(  freqaentl;  bapp«na  that  Mch  of  thcac  CMea 
occurs,  and  thati,  perhapti,  ft'cquentl;,  daring  its  course ;  to  ahall,  tberefore,  now 
proceed  to  point  cot  Uie  fftrimu  mcthodi  whish  might  in  codi  eaw  b«  putncd,  and 
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afterwards  to  lay  down  the  general  principleB  which  should  detennine  onr  choioe  of 
them. 

Before  doing  so,  however,  we  should  perhaps  ohserve,  although  it  mnst  he  almost 
obyions  to  all,  that  the  most  perfect  condition  of  a  road  is  that  in  which  its  course  is 
perfectly  straight  and  its  surface  perfectly  level ;  and  that,  all  other  things  being  the 
same,  that  is  the  best  road  which  approaches  nearest  to  this  state. 

Now,  in  the  first  case  supposed  (that  of  two  towns  situated  on  the  same  side  of  the 
main  yalley),  there  are  two  methods  which  might  be  pursued  in  forming  a  communi- 
cation between  them  :  we  might  either  make  a  road  following  the  direct  line  between 
them,  shewn  by  the  thick  dotted  line  A  b,  or  we  might  adopt  a  line  which  should 
gradually  and  equally  incline  from  one  town  to  the  other,  supposing  them  to  be  at  a 
different  level,  or  if  at  the  same,  keeping  at  that  level  throughout  its  entire  course, 
and  following  all  the  sinuosities  and  curves  which  the  irregubir  formation  of  the 
country  might  render  necessary  for  the  fulfilment  of  these  conditions.  And  in  the 
first  method  (that  of  a  direct  line  between  the  two  places),  we  might  either  form  a 
level  or  equally-inclined  road  from  one  to  the  other,  forming  embankments  and 
cuttings  where  necessary  to  attain  these  objects,  or  we  might  avoid  these  expensive 
works  and  make  the  surface  of  the  road  conform  to  that  of  the  country.  Now,  of  all 
these  the  best  is  the  straight  and  equally -inclined  (or  level,  as  the  case  may  be)  road, 
although  at  the  same  time  it  is  the  most  expensive  ;  and  if  the  importance  of  the 
traffic  passing  between  the  places  is  not  sufficient  to  warrant  so  great  an  outlay,  it  will 
then  become  a  matter  of  consideration  whether  the  course  of  the  road  should  be  kept 
straight,  its  surface  being  made  to  undulate  with  the  natural  face  of  the  country, 
or  whether,  a  level  or  equally-isclined  line  being  taken  for  its  surface,  the  course  of 
the  road  should  be  made  to  deviate  from  the  direct  line,  and  follow  the  winding 
course  which  such  a  condition  is  supposed  to  necessitate. 

In  the  second  case,  that  of  two  places  situated  on  opposite  sides  of  the  same  valley, 
we  have  in  like  manner  the  choiee  of  a  perfectly  straight  line  to  connect  them,  which 
would  probably  require  a  heavy  embankment  if  the  road  were  kept  level,  or  steep 
inclines  if  it  followed  the  surface  of  the  country  ;  or  we  may,  by  winding  the  road, 
carry  it  across  the  valley  at  a  higher  point,  where,  if  the  level  road  were  taken,  the 
embankment  would  not  be  so  high,  or,  if  kept  on  the  surface,  the  inclination  would 
be  reduced. 

In  the  third  case^  we  have  in  like  manner  the  alternative  of  carrying  the  road 
across  the  intervening  ridge  in  a  perfectly  straight  line,  or  of  deviating  to  the  right 
or  left  and  crossing  at  a  point  where  the  ridge  is  less  elevated. 

In  all  these  cases,  the  proper  determination  of  the  question  which  of  these  ooursea 
is  the  best  under  certain  circumstances,  involves  one  of  the  most  difficult  points  to 
solve,  which  is,  the  comparative  advantages  and  disac  vantages  of  inclines  and  curves ; 
that  is,  what  additional  increase  in  the  length  of  a  road  would  be  equivalent  to  a 
given  inclined  plane  upon  it,  or  conversely,  what  inclination  might  be  given  to  a  road 
as  an  equivalent  to  a  given  decrease  in  its  length.  In  order  to  a  correct  solution  of 
these  questions,  it  is  requisite  that  we  should  know  the  comparative  force  required  to 
draw  different  vehicles  with  given  loads  upon  level  and  variously  inclined  roads.  We 
shall,  therefore,  before  proceeding  further,  investigate  this  subject,  and  shew  the 
manner  in  which  we  may  determine  the  tractive  force  required  upon  roads  of  any 
given  inclination. 

It  has  been  attempted  to  investigate  mathematically  the  resistances  which  oppose 
themselves  to  the  motion  of  various  descriptions  of  vehicles  drawn  along  horizontal 
roads,  whose  surfaces  were  formed  of  different  materials  and  in  different  states  of 
smoothness.     No  satisfactory  result^  however,  has  been  obtained,  because  we  are 
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ignorant  of  the  data  which  are  essentially  requisite  to  enable  us  to  arriTO  at  a  oorreet 
conclusion.  We  should,  for  iustauce,  know  the  relative  amounts  of  reiistance  occa- 
sioned by  a  wheel  drawn  along  a  hard  smooth  road,  such  as  a  good  macadamized  road 
so  hard  that  the  wheel  can  mako  no  appreciable  impression  upon  it ;  upon  the  aame 
road  when  newly  covei'ed  with  stones,  and  when  the  passing  of  the  wheel  over  them 
crushes  these  stones,  in  a  greater  or  less  degree  ;  upon  a  gravel  road  the  sniface  of 
which  is  soft,  so  that  the  wheel  in  its  passage  sinks  into  the  road  and  forms  a  mt ; 
upon  a  similar  road  covered  with  stones  which  are  partially  crushed  and  partially 
forced  down  into  the  soft  road  by  the  wheel  passing  over  them  ;  or  upon  a  atone 
pavement,  such  as  is  common  in  the  streets  of  towns,  laid  with  more  or  less  regularity, 
and  in  passing  over  which  the  resistance  is  felt  in  jerks,  as  the  wheels  bound  from 
stone  to  stone.  Many  other  cases  might  be  mentioned,  in  which  we  should  be  equally 
at  a  loss  to  assign  a  correct  value  to  the  resistance  which  would  be  experienced  hj  a 
carriage  drawn  along  the  particular  description  of  road  supposed.  Although,  there- 
fore, some  of  the  attempts  which  have  thus  been  made  have  been  very  ingenious,  and 
have  she^n  the  mathematical  skill  of  the  investigator,  they  have  done  little  besides, 
and  would  be  out  of  place  in  the  present  article.  In  cases  of  this  description,  the 
best  practical  method  of  proceeding  is  by  experiments  sufficiently  careful  and  exten- 
sive to  determine  the  amount  of  resistance,  in  each  particular  case,  from  which  we 
may  then  determine  an  empirical  formula  or  rule,  which  will  enable  us  to  generalize 
the  results  of  our  experiments,  and  apply  them  with  sufficient  accuracy  for  practical 
purposes  to  any  particular  case. 

The  following  are  the  general  results  of  the  experiments  made  by  M.  Morin  upon 
this  subject,  at  the  expense  of  the  French  Government : — 

1st.  The  traction  is  directly  proportional  to  the  load,  and  inversely  proportional  to 
the  diameter  of  the  wheel. 

2nd.  Upon  a  paved  or  hard  macadamized  road  the  resistance  is  independent  of  the 
width  of  the  tire,  when  it  exceeds  from  three  to  four  inches. 

8rd.  At  a  walking  pace  the  traction  is  the  same,  under  the  same  drcuniBtances,  for 
carriages  with  springs  and  without  them. 

4th.  Upon  hard  macadamized  and  upon  -payed  roads  the  traction  increases  with 
the  velocity  ;  the  increments  of  traction  being  directly  proportional  to  the  increments 
of  velocity  above  the  velocity  3  "28  feet  per  second,  or  about  2  J  miles  per  hour.  The 
equal  increment  of  traction  thus  due  to  each  equal  increment  of  velocity  is  less  as  the 
road  is  more  smooth,  and  the  carriage  less  rigid  or  better  hung. 

5th.  Upon  soft  roads  of  earth,  or  sand  or  turf,  or  roads  fresh  and  thickly  grarelled, 
the  traction  is  independent  of  the  velocity.  • 

6th.  Upon  a  well-made  and  compact  pavement  of  hewn  stones,  the  traction  at  a 
walking  pace  is  not  more  than  three-fourths  of  that  upon  the  best  macadamized  roads 
under  similar  circumstances  :  at  a  trotting  pace  it  is  equal  to  it. 

7th.  The  destruction  of  the  road  is  in  all  cases  greater  as  the  diameters  of  the 
wheels  are  less,  and  it  is  greater  in  carriages  without  than  with  springs. 

The  next  experiments  which  we  shall  quote  are  those  of  Sir  John  Macneill,  *  made 
with  an  instrument  invented  by  him  for  the  purpose  of  measuring  the  tractiye  force 
required  on  diiTerent  descriptions  of  road,  under  various  circumstances.  The  general 
results  which  he  obtained  are  given  in  the  following  Table,  the  numbers  in  which 
exhibit  the  tractive  force  requisite  to  move  a  weight  of  a  ton,  under  ordinaiy  circum- 
stances, at  a  very  low  velocity  upon  the  several  kinds  of  road  mentioned. 


«  Sh-  n.  PttnioU  on  Roads,  p.  73. 
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Description  of  Eoad. 


On  a  well-made  pavement    

On  a  road  made  with  6  inches  of  broken  stone  of  great  hardness,  ) 
laid  either  on  a  foundation  of  large  stones,  set  in  the  form  > 
of  a  pavement,  or  upon  a  bottoming  of  concrete ) 

On  an  old  flint  road,  or  a  road  made  with  a  thick  coating  of ) 
broken  stone,  laid  on  earth j 

On  a  road  made  with  a  thick  coating  of  gravel,  laid  on  earth  ... 


Force,  in 
fiis.,    re- 
quired to 
move  a  ton. 


83 

46 

65 
147 


Sir  John  Macneill  has  also  given  the  following  arbitrary  formulss  for  calculating 
the  resistance  to  traction  on  various  kinds  of  roads  :  they  have  been  deduced  from  a 
considerable  number  of  experiments  made  on  the  different  kinds  of  road  specified 
below,  with  carriages  moving  at  various  velocities.  Putting  R  for  the  force  required 
to  move  the  carriage,  W  the  weight  of  the  carriage,  w  that  of  the  load,  all  expressed 
in  lbs.,  V  the  velocity  in  feet  per  second,  and  c  a  constant  number,  which  depends 
upon  the  surface  over  which  the  carriage  is  drawn,  and  the  value  of  which  for  several 
different  kinds  of  road  is  as  follows — 

On  a  timber  surface c  —  2 


On  a  paved  road 

On  a  well-made  broken  stone  road,  in  a  dry  clean  state 
On  a  well-made  broken  stone  road,  covered  with  dust 
On  a  well-made  broken  stone  road,  wet  and  muddy    . 
On  a  gravel  or  flint  road,  in  a  dry  clean  state  .     .     . 
On  a  gravel  or  flint  road,  in  a  wet  muddy  state     .     . 


fi 


jt 


„  8 
„10 
,,13 
,.32 


we  have,  in  the  case  of  a  common  stage  waggon. 


E  = +  —  +  cv: 

93         40 


(1.) 


and  in  the  case  of  a  stage  coach, 

100        40 


(2.) 


These  formulae,  being  reduced  to  verbal  rules  for  the  convenience  of  those  not  con- 
versant with  algebraical  expressions,  are  as  follows  : 

Rule. — Divide  the  weight  of  the  carriage  when  loaded,  in  lbs.,  by  93  if  a  waggon, 
or  100  if  a  coach,  and  to  the  quotient  add  ^\^th  of  the  weight  of  the  load  only  ;  the 
sum,  added  to  the  velocity  in  feet  per  second,  multiplied  by  the  proper  number  taken 
from  the  above  Table  for  the  particular  kind  of  road,  will  give  the  force  in  filM. 
required  to  draw  the  carriage  at  the  given  velocity  upon  that  description  of  road. 

For  example  :  what  force  would  be  requisite  to  move  a  stage  coach  weighing 
2060  lbs.,  and  having  a  load  of  1100  !bs.,  at  a  velocity  of  9  feet  per  second,  along  a 
broken  stone  road  covered  with  dust  ? 

Here  we  have 

2060  +  1100^1100,0       o      1Q1.1  «^  r     *i.   X  -1 

+ +  8  X  9  =  131*1  ibfl.  for  the  force  required. 


100 


40 


We  next  pass  on  to  consider  the  additional  resistance  which  is  occasioned  when 
the  road,  instead  of  being  level,  is  inclined  in  a  greater  or  less  degree.    In  order  to 
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simplify  the  question,  let  us  suppose  the  whole  weight  to  be  supported  on  one  pair 
of  wheels,  and  that  the  tractive  force  is  applied  in  a  direction  parallel  to  the  surface 
of  the  road.     On  this  supposition  let  a  b  (fig.   3)  represent  a  portion  of  an  inclined 

road,  G  being  a  carriage  just  sustained  in  ite  posi- 
Q       J)  '^  "  tion  by  a  force  acting  in  the  direction  o  P  :  now  it 

is  evident  that  the  carriage  is  kept  in  its  position 
by  three  forces ;  namely,  by  its  own  weight  (equal 
w)  acting  iu  the  yertical  direction  of,  by  the 
force  (equal  f)  applied  in  the  direction  o  i>  parallel 
to  the  surface  of  the  road,  and  by  the  pressure 
(equal  p)  which  the  carriage  exerts  against  the 
surface  of  the  road  acting  in  the  direction  ob, 
])erpendicu1ar  to  the  same.  To  determine  the 
relative  magnitude  of  these  three  forces,  draw  the  hoiizontal  line  a  a,  and  the  vertical 
one  B  0  ;  then,  siuce  the  two  lines  c  f  and  b  a  are  parallel,  and  are  both  cut  by  the 
line  A  B,  they  must  make  the  two  angles  c  f  b  and  A  B  a  equal ;  also  the  two  angles 
0  E  F  and  A  o  B  are  equal,  being  both  right  angles ;  therefore  the  remaining  angles 
FOE  and  B  A  a  are  equal,  and  the  two  triangles  o  f  i  and  A  b  o  are  similar.' 
And  as  the  three  sides  of  the  former  arc  proportional  to  the  three  forces  by  which 
the  carriage  is  sustained,  so  also  are  the  three  sides  of  the  latter,  namely,  A  b,  or  the 
length  of  the  road  is  pro}x>rtional  to  w,  or  the  weight  of  the  carriage,  B  a,  or  the 
vertical  rise  in  Die  same  to  f,  or  the  force  required  to  sustain  the  carriage  on  the 
incline,  and  a  o  or  tlie  horizontal  distance  in  which  this  rise  occurs  to  P,  or  the  force 
with  which  the  carriage  presses  upon  the  surface  of  the  road. 
We  have,  therefore, 

W  :  A  B  :  :  F  :  G  B, 

and  W  :  A  B  :  :  P  :  A  a. 

And  if  we  make  a  a  such  a  length  that  the  vertical  rise  of  the  road  is  exactly  1  foot, 
we  shall  have 

W ^ 

F  =  ;^-V'^(^2  + 1  =  ^V- Bin^ (S.) 

and  r  = =  —      -  - =  \V.  cos  p  .      .     .      .     {*.) 

A  ^  V  A  (i-  +  1 

in  which  fi  is  the  angle  bag. 

These  formulas  reduced  to  verbal  rules  are  as  follows  : 

To  find  the  farce  requisite  to  sustahh  a  carriage  upon  an  indincd  road  (the  effect* 
of  friction  being  neglected),  divide  the  weight  of  the  carriage,  including  its  load,  by 
the  inclined  length  of  the  road,  the  vertical  rise  of  which  is  1  foot,  and  the  quotient 
is  the  force  required. 

To  find  tite  pressure  of  a  carriage  against  the  surface  of  an  inclined  road, 
multiply  the  weight  of  the  loaded  carriage  by  the  horizontal  length  of  the  road,  and 
divide  the  product  by  the  inclined  length  of  the  same  ;  the  quotient  is  the  preasure 
required 

Example. —V^hat  is  the  force  required  to  sustain  a  carriage  weighing  8270  Iba. 
upon  a  road  the  inclination  of  which  is  1  in  30,  and  what  is  the  pressure  of  the 
same  ujwn  the  surface  of  the  road  ? 

Hero  tlie  horizontal  length  of  the  road   (A  G)  being   30,   the  inclined  length 

(AB=V  AOH  +  1)  is  30017,  and  we  have,  by  the  first  rule^  8270—30  017= 
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108*98  lbs.  for  the  force  required  to  sustain  tbe  carriage  on  the  road ;  and,  by  the 
second  rule,  (8270  x  30)  -^  30  017  ~  8269*9  tbs.  for  the  preasure  of  the  carriage 
upon  the  surface  of  the  road. 

Since  the  pressure  of  a  carriage  on  a  sloping  road  is  found  by  multiplying  its 
veight  by  the  horizontal  length  of  the  road  and  diyiding  by  the  inclined  length,  and 
as  the  former  is  always  less  than  the  latter,  it  follows  that  the  force  with  which  a 
carriage  bears  upon  an  inclined  road  is  less  than  its  actual  weight,  as  will  be  seen  in 
the  foregoing  example,  in  which  it  is  about  2  lbs.  less  :  unless,  howeyer,  the  inclina- 
tion  is  Tery  steep,  it  is  not  necessary  to  calculate  the  pressure,  which  may  be  assumed 
to  be  equal  to  the  weight  of  the  carriage. 

If  R  expresses  the  resistance  which  has  to  be  overcome  in  moTing  any  particular 
carriage  at  a  given  rate  upon  a  horizontal  road,  then  R  +  F  will  be  the  resistance 
upon  ascending  a  hill,  and  R~F  upon  descending  a  hill,  with  the  same  velocity,  in 
both  eases  neglecting  the  decrease  in  the  weight  of  the  carriage  produced  by  the 
inclination  of  the  road.  Taking,  however,  this  decrease  into  consideration,  the 
following  modification  in  the  formulsB  (1)  and  (2)  will  be  requisite  to  adapt  them  to 
an  inclined  road — 

R=(^?l±-_+-  '\     cosiS   +  (W  +  w).  siniS  +  cv    .     .     (6) 
V     93         40/- 

in  the  case  of  a  common  stage  waggon,  and  in  that  of  a  stage  coach, 

R=f^?-±-^  -  V«»/3'+(W+w).  siniS  +  cw    .     .     (6) 
WOO   +  40  /  ^ 

the  upper  sign  being  taken  when  the  vehicle  is  drawn  down  the  incline,  and  the 
lower  when  it  is  drawn  up  the  same. 

Neglecting  the  decrease  in  the  weight  of  the  carriage,  in  order  to  ascertain  the 
resistance  in  passing  up  or  down  a  hill,  we  have  only  to  calculate  by  the  rule  already 
given  at  page  305,  the  resistance  on  a  level  road,  to  which,  if  the  carriage  ascends  the 
hill,  we  must  add,  or  if  it  descends,  subtract,  the  force  requisite  to  sustain  the  carriage 
on  the  inclined  road,  calculated  by  the  rule  already  given  :  the  sum  or  difference,  as 
the  case  may  be,  will  express  the  resistance  required. 

As  an  example,  let  us  take,  as  before,  the  case  of  a  stage  coach  weighing  2060  Ibs.^ 
besides  a  load  of  1100  lbs.,  and  having  to  be  moved  at  a  velocity  of  9  feet  per  second, 
along  a  broken  stone  road  whose  surface  is  covered  with  dust^  and  inclined  at  the 
rate  of  1  in  80. 

Then  the  force  to  sustain  the  coach  on  this  slope  will  be 

81G0 


80 


=  105-3  lbs.  ; 


which,  added  to  the  force  already  found  at  page  805  as  being  requisite  to  move  the 
same  coach  on  a  level  road,  will  be  (105-8  +  181  1  =  )  286*4  lbs.  for  the  force 
required  to  move  the  coach  with  a  velocity  of  9  feet  per  second  up  an  inclination  of 
1  in  30 ;  and  subtracted  from  the  same,  will  be  (131*1— 105-8  «=)  25*8  lbs.,  the  force 
required  to  move  the  coach  with  the  same  velocity  down  the  same  inclination. 
The  same  example  worked  by  formula  (6)  will  give 

/2060  +  1100\  .jg^^  ^  ^2060  +  1100)  *0333  +8x9=  236*3  lbs. 

when  the  carriage  is  drawn  up  the  incline,  and 

/2060  +  llOOx  .9995_(2060  +  1100)  -0888  +  8x9  =  26*84  lbs. 
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when  the  carriage  is  drawn  down  the  incline,  the  result  being  the  same  as  that  giren 
by  the  rule. 

The  following  Table  has  been  calculated  in  order  to  shew  with  sufficient  exactness 
for  most  practical  purposes  the  force  required  to  draw  carriages  oyer  inclined  roads, 
and  the  comparative  adrautagc  of  such  roads  and  those  which  are  perfectly  leveL 
The  first  column  expresses  the  rate  of  inclination,  and  the  second  the  eqmTalent 
angle  ;  the  two  next  columns  contain  the  force  requisite  to  draw  a  common  stage 
waggon  weighing  with  its  load  6  tons,  at  a  velocity  of  4*4  feet  per  second  (or  3  miles 
per  hour)  along  a  macadamized  road  in  its  usual  state,  both  when  the  hill  ascends 
and  when  it  descends  ;  the  fifth  and  sixth  columns  contain  the  length  of  level  road 
which  would  be  equivalent  to  a  mile  in  length  of  the  inclined  road,  that  is,  the  length 
which  would  require  the  same  mechanical  force  to  be  exx)ended  in  drawing  the 
waggon  over  it  as  would  be  necessary  to  draw  it  over  a  mile  of  the  inclined  road. 
The  four  next  columns  contain  the  same  information  as  the  four  last  described,  onlj 
with  reference  to  a  stage  coach  supposed  to  weigh  with  its  load  3  tons,  and  to  traTel 
at  the  rate  of  8  -8  feet  per  second,  or  6  miles  per  hour. 

The  Table  may  be  also  considered  as  affording  a  view  of  the  oomparatiTO 
disadvantage  of  hilly  roads  with  light  and  heavy  traffic  ;  the  stage  waggon,  weighing 
6  tons  and  travelling  at  the  speed  of  3  miles  per  hour,  may  be  taken  as  a  fair  average 
for  goods  traffic,  and  the  stage  coach,  weighing  3  tons  and  running  6  miles  an  hour, 
for  passenger  traffic.  From  the  Table  we  perceive  that  hills  act  much  more 
unfavourably  on  the  former  than  on  the  latter.  The  force  which  would  be  requisite 
to  move  the  waggon  on  a  level  road  would  be  264  lbs.,  and  that  to  move  the  coach 
362  lbs.,  being  an  excess  of  98  tt)s.  or  the  traction  of  the  coach;  but  with  a  road 
inclined  at  the  rate  of  1  in  600,  this  excess  is  only  (373  —  286  =  )  87  lbs.,  and  when 
the  inclination  of  the  road  amounts  to  about  1  in  70  the  forces  required  to  draw  them 
become  equal  :  as  the  inclination  of  the  road  increases  beyond  this,  the  excess  of  the 
force  requisite  to  draw  the  waggon  over  that  necessary  to  move  the  coach  increases 
rapidly  (as  will  be  seen  in  the  Table),  until,  at  an  inclination  of  1  in  7,  it  amounts  to 
(2162-1308  =  )  854  lbs. 

If  we  compare  the  forces  required  to  draw  either  the  waggon  or  coach  up  and  down 
any  given  incline,  we  shall  find  that  the  former  is  as  much  greater  than  the  force 
required  on  a  level  road  as  the  latter  is  less  than  the  same  :  it  might  thence  be 
concluded  that  in  the  case  of  a  vehicle  passing  alternately  along  the  rood,  no  real  loss 
would  be  occasioned  by  the  inclination  of  the  road,  since  as  much  power  would  be 
gained  in  the  descent  of  the  hill  as  was  lost  in  its  ascent.  Such  is  not,  however, 
practically  the  fact,  for  while  the  inclinations  of  the  road  render  it  necessary  in  the 
ascending  journey  to  have  either  a  greater  number  or  more  powerful  horses  than  would 
be  requisite  if  the  road  were  entirely  level,  no  coiTesponding  reduction  can  be  made  in 
the  descending  journey  ;  we  must  still  have  horses  sufficient  to  draw  the  vehicle  along 
the  level  portions  of  the  road  ;  nor  will  (generally  speaking)  the  horses  have  less  to  do 
in  descending  the  hill,  since  they  have  frequently  to  push  back,  to  prevent  the  speed 
of  the  coach  becoming  accelerated  beyond  the  bounds  of  safety. 

In  a  practical  point  of  view,  therefore,  we  may  consider  that  the  fifth  and  ninth 
columns  in  the  following  Table  express  the  hmgth  of  level  road  which  would  be 
equivalent  to  a  mile  of  road  with  the  stated  inclination,  the  former  giving  the  result 
for  heavy  traffic,  and  the  latter  for  passenger  traffic.  Opposite  1  in  75,  we  find  in 
the  ninth  colunm  1  '247  mile,  or  nearly  a  mile  and  a  quarter,  stated  as  the  length  of 
a  road  having  that  inclination  which  would  be  equivalent  to  one  mile  of  a  similar 
rnad  perfectly  level,  because  the  same  force  would  be  requisite  to  move  a  coach 
and  load  of  3  tons  at  a  velocity  of  6  miles  per  hour  along  one  as  along  the  other. 
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Althougli,  however,  tbey  miglit  be  oonfiidered  eqnal  as  iar  as  the  power  requisite  for 
traction  was  concerned,  in  other  respects  one  might  be  more  adTantageous  ihui  the 
other ;  as,  for  instance,  the  shorter  road  would  cost  least  for  repairing,  and  would 
occupy  least  time  in  l)cing  passed  over.  The  Table,  therefore,  merely  expresses  the 
eipiivalent  length  as  fur  as  the  mechanical  j>ower  required  for  the  traction  ia 
concerned ;  the  relative  merits  in  other  respects  depending  generally  upon  ao  many 
various  circumstances  as  to  render  it  quite  impossible  to  lay  down  any  specific  rules 
for  their  determination. 

We  shall  now  return  to  the  subject  of  the  selection  of  route,  and  proceed  to  explain 
the  course  which  sbould  be  pursued  to  obtain  the  requisite  data,  to  enable  a  correct 
determination  to  be  arrived  at. 

In  laying  out  a  new  line  of  road,  the  first  proceeding  is  usually,  after  a  general 
examination  of  tlie  country,  to  lay  down  upon  the  best  map  which  can  be  procured 
one  or  more  lines,  for  the  purpose  of  being  more  carefully  examined.     If  possessed 
of  a  contour  ma))  of  the  district,  such  as  wc  have  described,  this  proceeding  will  be 
greatly  facilitated  ;  we  shall,  however,  suppose  that  such  is  not  the  case,  since  there 
are  very  few  instances  in  which  a  road-maker  would  be  likely  to  find  such  a  plan  for 
his  use.     His  next  proceeding  should  be,   to  make  an  accurate  survey  of  the  luids 
through  which  the  several  lines  that  he  has  sketched  out  pasSi   which  should  be 
aflerwanls  plotted,  or  laid  down  to  such  a  scale  as  will  allow  the  smallest  features  to 
be  shewn  with  suihcient  accuracy  and  distinctness:  a  scale  of  10  chains  to  the  inch 
for  the  open  country,  with  enlarged  plans  of  towns  and  villages  upon  a  scale  of  8 
chains  to  the  inch,  will  generally  be  found  sufficient.     Careful  levels  should  also  be 
taken  along  the  course  of  each  line,   and  at  certain  distances  (depending  upon  the 
nature  of  the  country)  lines  of  levels  should  be  taken  at  right  angles  with  the  original 
line.     In  taking  these  levels  the  heights  of  all  existing  roads,  rivers,  streams,  or 
canals,  should  be  noted,  and  bench  marks  should  be  left  at  least  every  half  mile,  that  • 
is,  marks  made  on  any  fixed  object,  such  as  a  gate-post,  or  the  side  of  a  house  or 
bam,  kc.f  the  exact  height  of  which  is  ascertained,  and  registered  in  the  level-book, 
BO  that,  in  case  of  a  deviation  being  made  in  any  portion  of  the  line,  the  levels  of 
that  part  may  be  taken  without  the  necessity  of  again  going  over  the  other  parts  of 
the  line.     A  section  should  be  formed  from  these  levels,  having  the  same  horisontal 
scale  as  the  general  plan,  and  such  a  vertical  scale  as  will  shew  with  distinctness  the 
inequalities  of  the  ground  :  if  the   horizontal  scale  is  10  chains  to   the  inch^  the 
vertical  scale  may  be  20  feet  to  the  inch. 

Fig.  4  (p.  812)  is  supposed  to  bo  such  a  plan  as  we  have  described,  plotted  on  a  scale 
of  10  chains  to  the  inch,  and  shewing  a  district  through  which  it  is  wished  to  form 
a  road  :  we  have  shewn  one  line  running  nearly  straight  across  the  plan,  and  a 
deviation  therefrom,  which,  although  longer,  would  run  on  more  favourable  ground. 
Figs.  5  and  6  (pp.  813,  814)  are  sections  shewing  the  levels  of  the  surface,  the  former 
on  the  straight  line,  and  the  latter  on  the  deviation  from  it.  We  have  shewn  in 
these  sections  and  on  the  plan  the  information  which  will  be  requisite  in  enabling  the 
Fngineer  to  lay  down  the  course  of  the  road,  and  to  arrange  the  position  and  dimen* 
sions  of  the  various  culverts,  bridges,  and  other  works  belonging  to  the  same. 

By  reference  to  these  drawings,  it  will  be  seen  (fig.  4)  that  the  straight  line  has 
to  cross  a  stream  at  B,  and  the  river  twice  at  o  and  n ;  and  also  that  it  must  pass 
from  B  to  E,  over  a  swamp  or  morass  of  such  a  nature  that,  if  a  solid  embankment  is 
formed,  it  is  probable  that  a  very  large  quantity  of  ground  will  be  absorbed  beyond 
what  the  section  would  indicate  ;  added  to  which,  from  the  river  being  liable  to  be 
flooded,  it  will  be  necessary  to  form  bridges  with  several  capadous  openings  at  those 
points  where  the  intended  road  crosses  the  river.    These  disadvantages  attending  the 
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more  obvions  roate  ironld  indnoe  the  Engineer  io  tktAxh  out  some  other  Use,  by 
which  they  would  be  avoided.  And  he  would  then  have  the  lerels  taken,  and  the 
requisite  informatioin,  to  enable  him  to  choose  between  the  two. 

The  manner  in  which  the  sections  should  be  drawn,  and  the  information  to  be 
given  npon  them,  are  shewn  in  figs.  5  and  6.  In  addition  to  which  the  following 
data  should  be  obtained,  and  entered  either  in  the  sarvey  field-book  or  in  the  level- 
book. 

At  the  point  b  (fig.  4)  the  line  crosses  a  stream  8  feet  in  width  and  1  foot  deep  ; 
in  flood  this  stream  brings  down  a  considerable  quantity  of  water. 

At  the  point  o  on  the  section  the  rirer  is  much  narrower  and  not  so  deep  as  at 
other  places,  in  consequence  of  a  great  portion  of  its  waters  finding  a  passage  through 
the  marshy  ground  on  either  side.  Its  width  is  16  feet ;  and  its  depth  2  feet ;  the 
velocity  of  its  current  is  95  feet  per  minute ;  the  height  of  its  surface  at  the  present 
time  is  30*10  feet  above  the  datum  ;  and  the  angle  of  skew  which  the  course  of  the 
stream  makes  with  the  line  of  the  road  is  62  degrees. 

At  the  point  D  the  river  is  27  feet  wide,  and  24  feet  in  depth  ;  its  velocity  87  feet 
per  minute  ;  the  height  of  its  surface  above  the  datum  29*96  feet ;  and  the  angle  of 
skew  49  degrees. 

The  ground  from  b  to  i  is  of  a  very  soft  boggy  nature  and  full  of  water. 

The  height  to  which  the  river  has  risen  during  the  highest  flood  known,  at  the 
bridge  at  v  on  the  plan,  is  85  feet  above  the  datum  ;  the  waterway  at  that  time  was 
90  feet,  and  the  sectional  area  of  the  openings  through  which  the  water  then  flowed 
was  550  square  feet.  The  same  flood  at  the  lower  bridge^  at  a  on  the  plan,  was 
35*3  feet  above  the  datum  ;  the  waterway  was  102  feet,  and  the  sectional  area  nearly 
600  square  feet. 

The  deviation  line  only  crosses  one  stream  at  x  on  the  plan  and  section.  The 
present  width  of  this  stream  is  15  feet,  fmd  its  depth  18  inches ;  but  in  times  of  flood 
it  rises  to  the  same  height  as  the  river,  and  brings  down  a  large  body  of  water.  The 
present  height  of  its  surface  above  the  datum  is  31*25  feet,  and  the  angle  which  its 
course  makes  with  the  line  of  road  85  degrees. 

We  have  introduoed  the  foregoing  in  order  to  shew  the  kind  of  data  which  should 
be  obtained  by  those  engaged  in  taking  the  levels  and  survey  for  road-making.* 

A  cross  section  should  also  be  taken  of  each  of  the  existing  roads  near  their  junc- 
tion with  the  intended  road  ;  the  use  of  which  is  to  shew  to  what  extent,  if  any,  the 
levels  of  the  existing  roads  might  be  altered,  the  better  to  suit  that  of  the  new 
road. 

Possessed  of  the  sections,  figs.  5  and  6,  we  next  proceed  to  lay  down  the  line  of  the 
road,  or,  in  other  words,  to  determine  the  levels  at  which  it  shall  be  formed.  As  it 
is  desirable  that  the  road  should  always  be  dry,  it  should  be  at  least  a  foot  above  the 
level  of  the  flood;  and  if  kept  at  37*25  feet  above  the  datum,  which  is  the  height  of 
the  existing  road  at  i,  we  shall  efiect  this  object.  Upon  drawing  a  line  at  this  level 
upon  the  section,  we  perceive  that  an  embankment  will  have  to  be  formed  from  the 
road  at  I,  across  the  valley  to  the  point  where  this  line  meets  the  ground  at  k,  and 
that  the  remainder  of  the  road  from  k  to  H  will  be  in  a  cutting.  Now  the  obvious 
principle,  in  arranging  the  levels  of  a  road,  would  be  so  to  adjust  the  cuttings  and 
embankments  that  the  ground  taken  from  one  should  form  the  other.  In  the  present 
instance,  however,  this  is  impossible,  because  the  level  of  the  road  is  determined  by 
other  circumstances,  and  necessitates  the  formation  of  a  very  long  embankment  with 

*  The  information  relative  to  the  rivers  croe»ed,  such  as  is  given  above,  should  always  be 
obtained,  in  order  that  the  bridges  constructed  over  them  may  be  adequate  for  the  passage  of 
fhe  water  brought  down  in  time  of  floods. 


jnt  Terr  little  catting,  tiuialbra  T«nderiiig  it  netxMuj  for  ground  to  b*  oMaiaed 
lem  *ome  otbar  Kmrcc^  with  Thich  (a  (brm  the  emliBiikment.  In  order  to  piodvos 
IS  much  cntling  u  poniblc^  tlie  line  ihoald  be  kept  at  the  nme  lerel  m  b«fora  vntil 


it  bocomeg  neceBury  to  riM  to  atlwn  the  level  of  the  eiiiUag  rotd  at  s  ;  if  an  Inollna- 
Hon  of  1  in  60  be  giTen  to  ILii  last  part  of  the  road,  the  dieUnoe  at  wbleh  tbe  ilae 
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will  oommenoe  will  be  200  feet  from  h,  the  differenoe  of  krel  being  4  feet.  We  haye 
therefore  to  add  to  the  other  dieadyaiitages  already  mentioned,  as  belonging  to  the 
straight  line  of  road,  that  of  reqoiring  the  formation  of  a  large  embankment^  and  the 

Fig.  5. 
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necessity  of  making  an  excavation  in  some  other  place,  to  afford  the  earth  for  that 
purpose. 

We  will  now  examine  the  section  of  the  deviation  line,  and  see  what  improvement 
can  be  thereby  effected.  We  mnst,  as  before,  keep  the  level  of  the  lowest  portion  of 
the  road  87*25  feet  above  the  datnm ;  and  if  we  draw  a  line  at  that  lerel  on  the 
leetion,  fig.  6,  we  shall  find  that  the  quantity  of  embankment  is  Teiy  much  reduced, 
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and  that  there  will  oov  be  no  difficulty  in  adjosting  the  catting  between  R  and  L,  so 
as  exactly  to  affurd  the  amount  of  filling  required.  A  few  trials  will  shew  that  if 
the  line  be  kept  at  the  same  lerel  until  within  16  chains  of  b,  and  then  carried  up 

Fiff.  6. 
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at  a  regular  inclination,  this  object  will  be  e£fected|  and  that  the  amount  of  cutting 
and  embankment  will  be  very  nearly  equal.  This  latter  will  therefore  be  the  line 
which  the  Engmeor  would  select  as  the  best ;  and  haTxng  done  so  he  would  proceed 
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to  mark  the  course  of  the  road  on  the  ground,  by  driving  a  stake  into  the  ground  on 
its  centre  line  at  erery  chain  (or  66  feet) ;  he  would  then  take  very  earefol  lerels  of 
the  height  of  the  ground  at  every  one  of  these  points,  and  at  any  intermediate  pointy 
vrhero  any  undulation  or  change  of  level  occurred,  and  wherever  the  level  of  the 
ground  varied  to  any  extent  in  a  direction  at  right  angles  with  the  course  of  the  road, 
he  would  take  levels  from  which  to  make  transverse  or  cross  sections  of  the  ground. 

From  these  levels  a  working  section  should  be  made,  having  a  horizontal  scale  of  not 
less  than  5  chains  to  the  inch,  and  a  vertical  scale  of  20  feet  to  the  inch  ;  a  portion  of  the 
section  plotted  to  these  scales  is  shewn  in  fig.  7  :  the  level  of  the  surface  of  the  ground 
above  the  datum,  at  every  chain  at  the  points  whero  stakes  have  been  driven  into  the 
ground,  should  be  figurod  in  on  the  section,  as  shewn  in  the  column  A,  and  the  depth 
of  cutting  or  height  of  embankment,  at  the  same  points,  should  be  given  in  another 
column,  B.  This  last  column  is  obtained  by  taking  the  difference  between  the  level 
of  the  surface  of  the  ground  and  the  level  of  the  road.  It  will  be  observed  that  upon 
the  section  there  are  two  parallel  lines  drawn  as  ropresenting  the  line  of  road  :  the 
upper  line  is  intended  to  represent  the  upper  surface  of  the  road  when  finished,  while 
the  lower  thick  line  ropresents  what  is  termed  the  formation  surface^  or  the  level  to 
which  the  surface  of  the  ground  is  to  be  formed,  to  receive  the  foundation  of  the 
road :  in  the  section  we  have  made  the  formation  15  inches  below  the  finished 
surface  of  the  road,  which  will  therefore  be  the  thickness  of  the  road  itself.  All  the 
dimensions  on  the  section  are  understood  to  refer  to  the  formation  level ;  and  the 
height  of  the  latter  above  the  datum  should  be  figured  in  wherever  a  change  in  its 
rate  of  inclination  takes  place,  which  should  be  marked  by  a  stronger  vertical  line 
being  there  drawn,  as  shewn  at  o. 

When  the  cuttings  aro  of  any  depth,  trial  pits  should  be  sunk  at  about  every 
10  chains  to  the  depth  of  the  intended  cutting,  in  order  to  ascertain  the  naturo  of  the 
ground,  and  to  determine  the  slopes  at  which  the  sides  of  the  cutting  would  safely 
stand ;  and  also  at  what  slopes  the  same  earth  would  stand  when  formed  into  the 
embankments.  The  cuttings  and  embankments  should  then  be  numbered  on  the 
section,  and  the  slopes  intended  to  be  given  to  each  stated  upon  the  same.  The 
contents  of  the  cutting  or  embankment,  that  is,  the  number  of  cubic  yards  which  will 
have  to  be  moved  for  its  formation,  with  the  intended  slope,  should  then  be  calcu- 
lated and  stated  upon  the  section.  The  manner  of  calculating  these  quantities  will 
be  subsequently  explained. 

Wherever  rivers  or  streams  are  crossed,  bridges  or  culverts  must  be  introduced, 
and  of  these  detail  drawings  should  be  prepared,  and  reference  made  to  them  on  the 
working  section. 

A  working  plan  should  also  be  constructed  on  the  same  horizontal  scale  as  the 
section,  upon  which  the  position  of  the  ceotre  stakes  should  be  shewn ;  and  on  this 
plan  the  road  should  be  drawn  in  of  its  correct  width  on  its  upper  suiface,  and 
another  line  shewing  the  foot  of  the  slopes.  The  stakes  on  the  plan  should  be 
numbered  consecutively,  to  facilitate  reference  to  any  part  of  the  line,  and  the  width 
of  land  required  at  every  stake  should  be  calculated  in  the  manner  which  we  are  about 
to  describe,  and  entered  in  a  kind  of  Table,  from  which  the  width  of  land  required  for 
the  purpose  of  the  road  may  be  ascertained  at  every  chain.  We  will  suppose  that  in 
the  present  case  the  finished  width  of  the  road  itself  is  to  be  40  feet,  and  that  an 
additional  6  feet  will  be  required  on  each  side  for  the  ditch  and  bank  ;  we  have  then 
26  feet  as  the  side  width  of  the  road  without  any  slopes,  or  whero  the  road  is  on  the 
same  level  as  the  ground,  and  we  shall  observe  that  in  the  Table  in  p.  317,  wherever 
there  is  no  cutting  or  embankment  (as  at  stakes  Nos.  1  and  30),  this  is  the  width 
given  in  the  fourth  column.     To  find  the  heights  at  the  other  stakes,  we  must  add  to 
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the  constant  width  (viz.  26  feet)  the  height  of  embankment  or  depth  of  catting,  mm 
the  case  may  be,  multiplied  by  the  ratio  of  the  slope.  Thus,  in  the  first  catting,  the 
ratio  of  the  slopes  being  (as  stated  on  the  section)  1  to  1,  we  have  simply  to  add  the 
depths  of  the  catting  at  each  stake  to  26  feet,  and  we  obtain  the  numben  giren  in 
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the  fourth  oolamn.  After  the  2lBt  stake  we  leave  the  entting,  and  the  ratio  of  the 
slopes  then  becomes  1^  to  1 ;  we  have  then  to  add  one  and  a  half  times  the  height 
of  the  embankment,  and  then  in  like  manner  obtain  the  numbers  in  the  fourth 
column. 


Distance  of 

Distance  of 

No.  of 

Hei|?ht  of 

side  fence 

No.  of 

Height  of 

side  fence 

stake  on 

Depth  of 

embank- 

ftrom cen- 

stAke on 

Depth  of 

embank- 

from cen- 

the plan. 

cutting. 

ment. 

tre  line. 

the  plan. 

cutting. 

ment. 

tre  line. 

Poet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

0-00 

26-0 

17 

2-33 

— 

28-3 

2 

.0-58 

26-6 

18 

2-62 

28-6 

3 

0-93 

2G-9 

19 

2-20 

— 

28-2 

4 

1-20 

■ 

27-2 

20 

1-60 

27-6 

5 

1-56 

27-6 

21 

0-75 

— 

26-8 

6 

1-91 

— 

27-9 

22 

— 

0-55 

26-8» 

7 

2-04 

28-0 

23 

— 

2-20 

29-3 

8 

1-87 

27-9 

24 

— 

3-52 

31-3 

9 

1-90 

— 

27-9 

25 

— 

4-00 

320 

10 

2-07 

— 

28- 1 

26 

— 

3-79 

31-7 

11 

2-17 

— 

28-2 

27 

2-60 

29*9 

12 

2-35 

28-4 

28 

— 

1-25 

27-9 

13 

2*30 

28*3 

29 

— 

0-30 

26-6 

14 

2  25 

28*3 

80 

0  00 

260 

15 

2-50 

— 

28*5 

31 

0-33 

26-5 

16 

2  05 

-^ 

281 

After  ascertaining  the  side  widths  as  above,  the  next  operation  is  to  set  out  the 
same  on  the  ground,  driving  in  another  stake  at  every  chain  at  the  correct  distance 
on  each  side  of  the  centre  one.  A  grip  about  4  or  5  inches  wide  should  then  be  cut 
from  stake  to  stake,  so  as  to  mark  both  the  centre  and  sides  of  the  road  upon  the 
ground  by  a  continuous  line.  The  side  lines  thus  set  out,  it  must  be  remembered, 
are  not  the  foot  of  the  slopes,  but  include  6  feet  on  each  side  for  a  bank  and  ditch ; 
another  stake  should  therefore  be  driven  at  every  chain,  6  feet  within  the  outer  stakes 
on  each  side,  and  another  grip  cut  to  mark  the  foot  of  the  slopes. 

A  strong  post  should  next  be  fixed  into  the  ground  upon  the  centre  line  wherever 
A  change  in  the  inclination  of  the  road  takes  place  (as  at  the  1 7th  stake  in  the  pre- 
sent instance),  upon  which  a  cross  piece  should  be  placed  at  the  intended  height  of 
the  formation  surface  of  the  road,  and  intermediate  heights  should  be  put  up  at  such 
distances  as  will  enable  the  workmen  to  keep  the  embankments  to  their  proper  level. 
In  cuttings,  pits  must  be  sunk  in  a  similar  manner,  at  certain  intervals,  to  the  depth 
of  the  formation  sur&ce,  to  serve  as  guides  to  the  excavators  in  forming  the  cutting. 


SECTION   II.— ON  THE  SECTION   OF   ROADS. 

Where  hills  or  gradients  are  necessary,  they  should  be  made  as  easy  as  possible ; 
and  although  with  all  hills  a  certain  amount  of  additional  power  must  be  required  to 
draw  a  carriage  up  them,  so  long  as  the  inclination  is  within  certain  limits,  the  hilly 
road  may  be  considered  as  safe  as  a  level  one  would  be.  This  limit  depends  upon  the 
nature  and  condition  of  the  surface  of  the  road,  and  is  attained  in  any  particular  case 
when  the  inclination  of  the  road  is  made  equal  to  the  limiting  angle  of  resistance  for 
the  materials  composing  its  surface, — that  is,  when  it  is  such  that  a  carriage,  once  set 


"  The  slopes  hero  change  from  1  to  1,  to  1^  to  1. 
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in  motion  on  the  roa'l,  would  continue  its  descent  without  any  additional  force  being 
applied.  As  soon  as  this  limit  is  passed,  the  carriage  would  descend  with  an  accele- 
rated yelocity,  unless  the  horses  or  other  moving  force  were  employed  to  restrain  it ; 
and  although  in  such  a  case  the  use  of  a  drag,  by  increasing  the  resistance,  woold  in 
a  measure  obviate  the  danger,  yet  the  injury  done  to  the  surface  of  the  road  by  the 
use  of  the  drag  renders  it  desirable  to  dispense  with  it  altogether.  The  following 
Table,  taken  from  the  second  volume  of  the  *  Rudiments  of  Civil  Engineering,'  shows 
the  rate  of  inclination  at  which  this  limit  is  attained  on  the  various  kinds  of  roads 
mentioned  in  the  first  column.  The  values  of  the  resistances  on  which  this  Table  is 
calculated  are  those  given  by  Sir  John  Macneill,  and  already  quoted  at  page  305. 


Description  of  the  Road. 

Forco  in  lbs. 
required  to 
move  a  ton. 

Limiting 

angle  of 

resistance. 

Greatest  incli- 
nation which 
should  be  given 
to  the  TiMd. 

Well -laid  pavement         .... 
Broken  stone  surface  on  a  bottom  of  rougli  ) 
pavement  or  concrete    .         .         •     •  "i 
Broken  stone  surface  laid  on  an  old  flint  road 
Gravel  road  ....         ,         . 

33 

46 

65 
147 

o          / 

0  50 

1  11 

1     40 
3     45 

Iin68 

lin49 

1  in  34 
linl5 

The  Table  of  Gradients  (p.  319)  will  be  found  of  considerable  value  in  laying  oat 
and  arranging  roads  ;  the  first  column  contains  the  gradient,  expressed  in  the  ratio  of 
the  height  to  the  length ;  the  two  next,  the  vertical  rise  in  a  mile  and  a  chain 
respectively  ;  the  fourth  column,  the  angle  (/9,  page  306)  of  inclination  with  the  hori- 
zontal ;  and  the  last  column,  the  sine  of  the  same  angle,  which  is  inserted  for  facili* 
tating  the  calculation  of  the  resistances  occasioned  by  the  gradient. 

We  next  come  to  the  subject  of  the  width  and  transverse  form  which  should  be 
given  to  roads.  As  regards  the  first,  the  width  to  be  given  to  the  road,  we  should 
certainly  recommend  a  wide  road  ;  it  is  an  error  to  suppose  that  the  cost  of  repairing 
a  road  depends  entirely  upon  the  extent  of  its  surface,  and  consequently  increases 
just  as  we  increase  its  width ;  the  cost  per  mile  of  road  depends  more  upon  the 
extent  and  nature  of  the  traffic,  and  unless  extremes  be  taken,  it  may  be  asserted 
that  the  same  quantity  of  material  would  be  necessary  for  the  repair  of  a  road, 
whether  wide  or  narrow,  which  was  subjected  to  the  same  amount  of  traffic  ;  with 
the  narrow  road,  the  traffic,  being  confined  more  to  one  track,  would  wear  the  road 
more  severely  than  when  spread  over  a  larger  surface  ;  the  expense  of  spreading  the 
material  over  the  wider  road  would  be  somewhat  greater,  but  the  cost  of  the  mate- 
rials might  be  taken  as  the  same.  One  of  the  advantages  of  a  wide  road  is  that  the 
wind  and  sun  exercise  more  influence  in  keeping  its  surface  dry.  The  first  cost  of  a 
wide  road  is  certainly  greater  than  that  of  a  narrow  one,  and  that  nearly  in  the  ratio 
of  its  increased  width. 

For  roads  situated  between  towns  of  any  importance,  and  exposed  to  mneh  traffic, 
the  width  should  certainly  not  be  less  than  80  feet,  besides  a  footpath  of  6  £eet ;  and 
in  the  immediate  vicinity  of  large  towns  and  cities,  the  width  should  be  still  further 
inci*eased.  No  specific  rules  can,  however,  be  given  for  the  width  in  such  situations  ; 
experience  will  soon  show  what  width  is  requisite  in  any  given  situation. 

The  form  to  be  given  to  the  cross  section  of  a  road  is  a  subject  of  much  import- 
ance, and  one  upon  which  much  diflbrence  of  opinion  exists.  Some  advocate  a  con- 
siderable curvature  in  the  upper  8ui;face  of  the  road,  with  the  view  of  faciiitatiag  the 
drainage  of  its  surface ;  while  others  (and  those  the  msjority)  are  averse  to  a  road 
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Mng  mooli  cnired,  fc^  MMiaia  hareiAer  sUted.  AgH.in,  it  U  tb»  pradice  of  lome  (o 
forni  tilt  rood  on  a  flat  aorfM*  trumeieel} ;  while  olliers  propose  (dring  a  dip  to 
the  IbrmatioD  aurface  each  vaj  (rum  the  cantre,  od  the  lappaaitioD  that  the  dnuuage 
of  the  road  will  be  tbereb;  &cititated. 
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nuat  be  obiiona  to  bU,  that  the  onlj  adrantnge  resultjng  Ccoia  curiiag  the 

aection  of  the  road  is  altowiag  the  water,  which  woulil  otherwise  collect 

Bolftce,  to  draio  fr«elj  off  into  the  side  ditches.     It  has  been  urged  bj  soiue, 
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that  in  laying  on  fresh  material  npon  a  road  it  is  noceasary  to  keep  the  centre  much 
higher  than  the  sides ;  because,  in  consequence  of  the  minority  of  carriages  luing  the 
oentre  of  the  road,  that  portion  will  wear  quicker  than  the  sides,  and,  onleas  made 
originally  much  higher,  when  so  worn  it  will  neoessarily  form  a  hollow  or  depression, 
firom  which  the  water  cannot  drain.  Now,  it  is  entirely  orerlooked  by  thoee  who 
adrance  this  argument,  that  the  only  reason  why  carriages  use  the  centre  in  preference 
to  the  sides  of  a  road,  is  because  of  its  rounding  form,  it  being  only  in  that  sitoation 
that  the  carriage  stands  upright :  if  the  road  were  comparatively  flat,  every  portion 
would  be  equally  used ;  but  on  very  convex  roads,  the  centre  is  the  only  portion  on 
which  it  is  safe  to  travel. 

The  drainage  of  the  surface  of  the  road  is  then  the  only  useful  purpose  which  will 
be  answered  by  making  it  convex ;  and  even  this  in  but  a  very  imperfect  manner, 
in  consequence  of  the  irregularities  and  roughness  found  even  in  the  best  roads. 
The  surface  of  a  road  is  much  more  efficiently  drained  by  a  small  inclination  in  the 
direction  of  its  length  than  by  a  much  greater  transverse  slope.  On  this  subject 
Mr.  Walker  has  very  justly  remarked,*  "  Clearing  the  road  of  water  is  best  secured 
by  selecting  a  course  for  the  road  which  is  not  horizontally  level,  so  that  the  sor&ce 
of  the  road  may,  in  its  longitudinal  section,  form,  in  some  degree,  an  inclined  plane  ; 
and  when  this  cannot  be  obtained,  owing  to  the  extreme  flatness  of  the  country,  an 
artificial  inclination  may  generally  be  made.  When  a  road  is  so  formed,  every  wheel- 
track  that  is  made,  being  in  the  line  of  inclination,  becomes  a  channel  for  carrying 
oflf  the  water  much  more  effectually  than  can  be  done  by  a  curvature  in  the  cross 
section  or  rise  in  the  middle  of  the  road,  without  the  danger  or  other  disadvantages 
which  necessarily  attend  the  rounding  a  road  much  in  the  middle.  I  consider  a  fall 
of  about  1^  inch  in  10  feet  to  be  a  minimum  in  this  case,  if  it  be  attainable  without 
a  great  deal  of  extra  expense."  While,  then,  the  advantages  attending  the  extreme 
convexity  of  roads  is  so  small,  the  disadvantages  are  considerable  :  on  roads  so  con- 
structed, vehicles  must  either  keep  upon  the  crown  of  the  road,  and  so  occasion  an 
excessive  and  unequal  wear  of  its  surface,  or  use  the  sides,  with  the  liability  of  being 
overturned.  The  evidence  of  coach-masters  and  others,  taken  before  the  Com- 
mittee of  the  House  of  Commons,  and  appended  to  the  Report  already  quoted,  quite 
bears  out  the  view  here  taken,  and  shows  that  many  accidents  and  much  danger  have 
arisen  from  the  practice  of  forming  roads  with  an  excessive  amount  of  convexity.— > 
(See  fig.  8.) 

In  making  the  above  remarks,  we  must  be  understood  as  only  disapproving  of 
the  practice  (which  has  been  but  too  prevalent)  of  forming  roads  with  cross  sections 
rounding  in  an  extreme  degree,  and  not  as  advocating  a  perfectly,  or  nearly,  flat 
road,  as  many,  who  have  fallen  into  the  opposite  error,  have  done.  We  should 
recommend,  as  the  best  form  which  could  be  given  to  a  road,  that  its  cross  section 
should  be  formed  of  two  straight  lines  inclined  at  the  rate  of  about  1  in  SO,  and 
united  at  the  centre  or  crown  of  the  road  by  a  segment  of  a  circle  having  a  radius 
of  about  90  feet.  This  form  of  section  is  shown  in  fig.  8,  and  the  rate  of  inclination 
there  given  is  quite  sufficient  to  keep  the  surface  of  a  road  drained,  provided  it  is 
in  good  order  and  free  from  ruts ;  if  such  is  not  the  case,  no  amount  of  convexity 
which  could  be  given  to  the  road  would  be  of  any  avail,  as  the  water  would  still 
remain  in  the  hollows  or  furrows. 

The  form  of  cross  section  suggested  in  the  figure  is  equally  adapted  to  all  widths  of 
road,  as  the  straight  lines  have  merely  to  be  extended  at  the  same  rate  of  inclination, 
until  they  meet  the  sides  of  the  road. 

*  Parliamentary  Report,  1819,  p.  4& 
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The  foregoing  remarks  apply  only  to  the  exterior  or  upper  surface  of 
the  finished  road ;  with  regard  to  the  form  which  should  be  given  to 
the  bed  upon  which  the  road  is  to  be  formed,  a  similar  difference  of 
opinion  exists  as  to  whether  it  should  be  fiat  or  rounding.  In  this  case 
we  are  of  opinion  that,  except  where  the  surface  upon  which  the  road  has 
to  be  formed  is  a  strong  day  or  other  soil  impervious  to  water,  no  benefit 
will  result,  as  fi&r  as  drainage  is  concerned,  in  making  the  formation  sur- 
face or  bed  of  the  road  convex.  It  should  be  borne  in  mind  that  after  the 
road  materials  are  laid  upon  the  formation  surface,  and  have  been  for  some 
time  subjected  to  the  pressure  of  heavy  vehicles  passing  over  them,  they 
become,  to  a  certain  extent,  intermixed ;  the  road  materials  are  forced 
down  into  the  soil,  and  the  soil  works  up  amongst  the  stones,  and  the 
original  line  of  separation  becomes  entirely  lost.  If  the  surface  u]>on 
which  the  road  materials  were  laid  were  to  remain  a  distinct  flat  surface, 
perfectly  even  and  regular,  and  into  which  the  road  materials  could  not 
be  forced,  then  it  would  be  of  use  to  give  such  an  inclination  to  it  as 
would  allow  any  water  which  might  find  its  way  through  the  crust  or 
covering  of  the  road  to  run  off  to  the  sides  of  the  same  ;  although,  even 
then,  it  would  have  to  force  a  passage  between  the  road  materials  and 
the  surface  on  which  they  rest :  such  is,  however,  as  we  have  already 
remarked,  far  from  being  the  case ;  and  therefore  it  must  be  obvious, 
except  under  peculiar  circumstances,  that  no  water  which  had  found  its  , 
way  through  the  hard  compact  surface  of  the  road  itself  would  be  i 
arrested  by  the  comparatively  soft  surface  of  its  bed,  and  carried  off  into 
the  side  ditches,  whatever  slope  might  be  given  to  it.  While,  however, 
we  believe  that,  as  far  as  drainage  is  concerned,  it  is  useless  to  form  the 
bed  or  formation  surface  of  the  road  with  a  transverse  slope,  we  should, 
nevertheless,  give  it  the  same,  or  nearly  the  same,  form  as  that  which  we 
have  just  recommended  for  its  upper  finished  surface,  with  the  object  of 
making  the  two  surfaces  parallel,  and  so  giving  an  equal  depth  of  road 
material  over  every  portion  of  the  road.  In  this  respect  we  do  not 
agree  with  some  road-makers,  who  not  only  recommend  a  less  depth  of 
road  materials  to  be  put  on  the  sides  than  on  the  centre  of  the  road, 
but  further  advise  that  an  inferior  description  of  material  should  there  be 
employed. 

Too  much  attention  cannot  be  paid  to  the  drainage  of  roads,  both  as 
regards  their  upper  surface  and  that  of  the  substratum  on  which  they 
rest.  To  assist  the  sur&ce-drainage,  the  road  should  be  formed  with 
the  transverse  section  shown  in  the  annexed  figure,  and  on  each  side 
of  the  road  a  ditch  should  be  formed  of  sufiicient  capacity  to  receive 
all  water  which  can  fall  upon  the  road,  and  of  such  a  depth,  and  with 
a  sufiicient  declivity,  to  conduct  the  same  freely  away.  When  footpaths 
have  to  be  constructed  on  the  sides  of  the  road,  a  channel  or  watercourse 
should  be  formed  between  them,  and  small  drains  formed  of  tiles  or 
earthen  tubes  (such  as  are  used  for  under-draining  lands)  should  be  laid  under 
the  footpath,  at  such  a  level  as  to  take  off  all  the  water  which  may  collect  in  this 
channel,  and  convey  it  into  the  ditch.  In  the  best-constructed  roads,  these  side 
channels  should  be  paved  with  flints  or  pebbles;  the  drains  under  the  footpath 
should  be  introduced  about  every  60  feet,  and  should  have  the  same  inclination  (vis. 
1  in  30)  as  that  recommended  for  the  sides  of  the  road :  a  greater  inclinatioii 
would  be  objectionable.     It  is  a  very  frequent  mistake  to  give  too  great  a  fall  to 
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Email  dralna,  the  antj  «ff«ct  of  which  U  to  produce  Eueb  ■  enmnt  thiongb  tham  m 
to  wash  sway  or  nmlermiao  the  groaDd  srannil  thcio,  and  aHimrtelj  udm  their 
onii  destruc^OD.  When  &  dcain  is  once  closed  by  aoy  obatrnotioD,  do  ainonnt  of  fail 
which  could  be  given  to  it  would  again  clear  lie  paieage  ;  while  *  druii  with  >  cod- 
tiderable  current  through  it  would  be  much  more  lit  el  j  to  be  stopped  from  foreign  inmtter 
being  curried  into  it,  vhich  a  lesa  rapid  stream  could  not  bare  tranaported  thara. 

In  the  cose  of  a  road  wliose  anrfacc  wu  drained  in  the  waj  whicli  we  hara  jnat 
described,  and  which  Burfucc  was  composed  of  proper  material*  in  •  compact  itMa^ 
Tory  little  water  would  find  its  way  through  to  the  mbstratnm  ;  with  some  daaerip- 
tious  of  soil,  howcTi-r,  it  would  be  deeirable  to  adopt  means  fur  maintaining  tbe 
foundation  of  a  mail  in  a  dry  state,  as.  fi>r  instance,  when  the  suriice  was  a  strong 
claj  through  which  no  water  coatd  percolate,  or  when  the  ground  benvth  the  tuad 
was  naturally  of  a  soft,  wel,  or  peatj  nnturo.  Under  eucli  circumitancea  it  wonM  b* 
deeirablc  to  provide  foi  its  [iroper  drainage  by  a  species  of  under-dntinsge.  Aa  aoon 
as  the  surface  of  tlie  ground  had  been  funned  to  the  level  intended  for  the  reception 
of  the  Iliad  miLteriulB,  trenches  should  !«  formed  across  llie  road,  from  I  foot  to  18 
inches  in  depth,  and  about  1  foot  wide  at  the  bottom,  the  udea  being  sloped  ai 
shown  in  fig,   9.     The  distances  at  which  these  dmine  onght  to  be  foimed  would 


depend  in  a  great  mcnanre  on  tbe  n^iturc  of  the  soil  :  in  the  cue  of  a  strong  cTaT 
soil,  or  one  naturally  very  wet,  there  should  be  one  about  erery  20  feet,  and  this 
distance  might  be  increnscd  as  the  ground  became  firmer  or  drier.  In  these  treuehea, 
a  drain  not  less  than  4  inches  square  internally  should  then  be  fonncd  either  of  old 
bricks,  (Irain-tiiee,  fiat  etoncs,  or  in  any  other  mode  used  for  nnder-drains,  and  Iba 
remainder  of  the  trench  should  be  filled  with  coarse  stones  free  fVom  all  clay  Or  dir^ 
in  the  manner  shown  in  fig.  9.  Of  course  these  drains  must  hare  a  &I1  giTcn  tbem 
from  tlie  centre  of  the  ri>ad  into  t)ic  ditches  on  either  side  ;  an  inclination  of  1  is  30 
will  be  sufficient.  ^Vben  the  road  ia  level  in  the  direction  of  ita  length,  these  drains 
should  run  straight  ncruag  ;  but  on  those  portions  of  the  rood  which  are  inelined  the 
diaiiis  should  be  formed  us  shown  on  the  plan,  fig.  10,  eomewhat  in  the  form  of  a  rery 
flat  T,  tlie  point  being  in  the  centre  of  the  ruad,  and  the  drains  making  an  acute 
angle  with  the  line  of  the  road,  in  tlie  direction  in  which  it  falle ;  the  amount  of 
tills  angle  should  not  be  greater  than  is  shown  in  the  figure. 


' 

— 

rr"--?*!."    ■ 

. 

! 

VThcn  a  road  with  fontpaths  is  under-drained  in  the  manner  which  we  haT«  jnat 
deecrilicd,  it  will  not  be  neccsuiry  to  form  drains  from  the  side  channel  undsr  tho 
fout|A'.h  into  the  ditch,  as  shown  in  fig.  8,  but  merely  to  carry  up  a  little  ahafl, 
constructed  in  the  same  wuy  as  the  diain,  from  the  drain  to  Um  channel,  ooreriig  tha 
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same  with  a  imall  grating,  to  prerent  leaves  or  other  gnbstanoes,  which  might  choke 

the  drain,   being  carried  into  it.     This  method  of  forming  the  drains  is  shown  at 

A  in  fig.  11. 

Fig  11. 
1 
8S0TI0H  III. — ON  TBI  CONSTRUOTIOH  OF   ROADS. 

On  this  subject  a  great  difference  of  opinion  exists.  By  a  few,  amongst 
whom  we  may  mention  Mr.  McAdam,  it  has  been  maintained  that  a 
yielding  and  sofb  foundation  for  a  road  is  better  than  one  which  is  firm 
and  unyielding ;  and  he  has  gone  so  far  as  to  say  that  he  "  should  rather 
prefer  a  soft  one  to  a  hard  one,"  and  even  a  bog,  '*if  it  was  not  such  a 
bog  as  would  not  allow  a  man  to  walk  over  it."  *  The  principles  upon 
which  this  opinion  was  founded  were,  tbat  the  road  on  the  soft  founda* 
tiun  being  more  yielding  or  elastic,  the  materials  of  which  the  covering 
of  the  road  was  formed  would  be  less  likely  to  be  crushed  and  worn 
away  by  the  passage  of  a  heavy  traffic  over  them  than  when  placed  on  a 
hard  solid.  The  contrary  opinion  is,  however,  that  which  has  received 
the  largest  number  of  advocates,  and  is  that  which  we  ourselves  hold  ; 
and  we  feel  assured  that  there  is  no  more  general  cause  of  bad  roads 
than  their  being  formed  upon  a  soft  foundation.  We  would  most  strongly 
urge  the  necessity  of  securing  a  firm,  solid,  and  dry  substratum  for  the 
road  materials  to  rest  upon ;  and  we  are  quite  satisfied  that,  however 
good  the  materials  themselves  may  be,  and  however  much  care  may  be 
bestowed  upon  the  manner  in  which  they  are  put  on,  unless  a  good 
foundation  has  been  previously  prepared,  the  whole  of  the  materials  and 
labour  will  be  only  thrown  away.  The  outer  surface  of  the  road  should 
be  regarded  merely  as  a  covering  to  protect  the  actual  working  road  be- 
neath, which  latter  should  be  sufficiently  firm  and  substantial  to  support 
the  whole  of  the  traffic  to  which  it  may  be  exposed.  The  real  use  of  the 
road  materials  laid  over  it  should  be  only  to  protect  this  actual  road  from 
being  worn  and  injured  by  the  horses'  feet  and  the  wheels,  or  from  the 
action  of  the  weather.  And  this  lower,  or  sub-road,  as  it  may  be  called, 
being  once  properly  constructed,  would  last  for  ever,  merely  the  outer 
case  or  covering  requiring  to  be  renewed  from  time  to  time,  so  as  always  ^ 
to  preserve  a  sufficient  depth  for  the  protection  of  the  sub-road. 

We  may  very  conveniently  class  roads  according  to  the  manner  in 
which  their  foundations  are  formed,  as  follows  : 

1st,  Roads  having  no  artificial  foundation,  but  in  which  the  covering 
materials  are  laid  on  the  groand. 

2nd,  Roads  having  a  foundation  of  concrete. 

3rd,  Roads  having  a  paved  foundation. 
And  each  of  these  might  be  again  divided  according  to  the  kind  of 
material  employed  as  a  covering. 

The  first  of  these  classes  will  certainly  contain  by  far  the  largst  pro- 
portion of  the  roads  in  this  country.  But  it  should  only  be  employed  in 
cases  where  the  importance  of  the  road  is  not  sufficient  to  warrant  any 
large  expenditure,  and  when  the  amount  of  traffic  to  be  anticipated  is 
small ;  for  we  are  certainly  of  opinion  that  it  is  a  very  mistaken  economy  which 
would  incur  a  large  permanent  annual  outlay  for  repairs,  to  save  in  the  original  cost 
of  constructing  the  road  ;  and  we  are  satisfied  that,  in  this  sense,  a  road  with  a  paved 


*  Parliamentary  Report,  1819,  p.  23. 
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or  concrete  foundation  will  always  be  found  less  expensire  than  one  formed  without 
snch  a  foundation. 

Where,  however,  circumstances  may  render  it  necessary  to  construct  a  road  upon 
the  natural  surface  of  the  ground,  every  care  should  be  taken  to  make  it  tm  solid  tm 
possible.  If  the  ground  is  at  all  of  a  soft  or  wet  nature,  deep  ditches  should  be  cat 
on  each  side  of  the  line  of  the  road,  and  cross  under-drains  should  be  formed  in  the 
manner  already  described  ;  and  where  the  ground  is  very  soft,  a  layer  of  fagots  or 
brushwood,  from  4  to  6  inches  in  depth,  should  be  laid  over  the  surface  of  the  ground 
before  laying  on  the  road  materials.  In  cases  of  embankments,  or  where  the  ground 
under  the  road  has  been  recently  deposited,  the  surface  should  be  either  roUed  or 
punned;  that  is,  beaten  with  heavy  beetles,  so  as  to  insure  as  great  a  degree  of 
solidity  as  possible.  The  same  mode  of  proceeding  should  be  followed  even  where  it  is 
intended  to  form  either  a  paved  or  concrete  foundation  ;  for,  as  before  remarked^  too 
much  care  cannot  be  bestowed  on  that  part  of  the  road. 

The  employment  of  concrete  composed  of  gravel  and  lime  was  first  proposed  by 
Mr.  Thomas  Hughes,  and  the  following  remarks  upon  its  use  are  quoted  from  hia 
work  on  Roads.* 

**The  use  of  lime  concrete,  although  an  introduction  of  modem  times,  and  cer- 
tauily  one  of  rather  a  novel  character,  derives  its  real  origin  from  a  very  remote 
period.  We  have  indisputable  evidence  that  the  Romans,  in  constructing  their  mili- 
tary ways,  particularly  in  France,  adopted  the  practice  of  forming  a  concrete  founda- 
tion composed  of  gravel  and  lime,  on  which  also  they  placed  large  stones  as  a 
pavement.  The  consequence  of  a  construction  so  solid  has  been,  that,  in  many  parts 
of  Europe,  the  original  bed  or  crust  of  the  Roman  roads  is  not  at  the  present  day 
entirely  worn  down,  even  after  a  lapse  of  fifteen  centuries. 

"  With  the  view  of  affording  a  modem  example  in  which  lime  concrete  has  been 
used,  I  would  refer  to  the  Brixton  Road,  where  a  concrete  composed  of  gravel  and 
lime  has  been  recently  applied  by  Mr,  Charles  Penfold,  Surveyor  to  the  Trust.  In  this 
case  the  proportion  of  gravel  to  lime  is  that  of  four  to  one.  The  lime  is  obtained 
from  Merstham  or  Dorking,  and,  before  being  used,  is  thoroughly  ground  to  powder. 
The  concrete  is  made  on  the  surface  of  the  nmd,  and  great  care  taken,  when  the 
water  is  added,  that  every  particle  of  the  lime  is  properly  slacked  and  saturated.  The 
bed  of  concrete  having  been  spread  to  the  depth  of  6  inches  over  the  half-breadth  of 
the  road,  the  surface  is  thcu  covered  over  with  6  inches  of  good  hard  gravel  or 
broken  stone,  and  this  depth  is  laid  on  in  twu  courbes  of  3  inches  at  a  time,  the  first 
course  being  frequently  laid  on  a  few  hours  after  the  concrete  has  been  placed  in  the 
road.  The  carriages,  however,  are  not  on  any  account  allowed  to  pass  over  it  until 
the  concrete  has  become  sufTiciently  hard  and  solid  to  carry  the  traffic  without  suflFer- 
ing  the  road  material  to  sink  and  be  pressed  into  the  body  of  concrete.  On  the  other 
hand,  the  covering  of  gravel  is  always  laid  on  before  the  concrete  has  become  quite 
hard,  in  order  to  admit  of  a  more  perfect  binding  and  junction  between  the  two  beds 
than  would  take  place  if  the  concrete  were  suffered  to  become  hard  before  laying  on 
the  first  covering.  The  beneficial  effect  arising  from  the  practice  of  laying  on  the 
gravel  exactly  at  the  proper  time  is,  that  the  lower  stones,  pressed  by  their  own 
weight,  and  by  those  above  them,  sink  partially  into  the  concrete,  and  thus  remain 
fixed  in  a  matrix,  from  which  they  could  not  easily  be  dislodged.  The  lower  pebbles 
being  thus  fixed,  and  their  rolling  motion  consequently  prevented,  an  immediate 
tendency  to  bind  is  communicated  to  the  rtst  of  the  material, — a  fact  which  must  be 
evident,  if  we  consider  that  the  stato  called  binding,  or  rather  that  produced  by  the 
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hindingt  is  nothing  more  than  the  solidity  arising  froro  the  complete  fixing  and 
wedging  of  every  part  of  the  covering,  so  that  the  pebbles  no  longer  possess  the 
power  of  moving  about  and  rubbing  against  each  other.  It  is  found  that  in  a  very 
few  days  after  the  first  layer  has  been  run  upon,  the  other,  or  top  covering,  may  be 
applied  ;  and,  shortly  afterwards,  the  concrete  and  the  whole  body  of  road  material 
becomes  perfectly  solid  from  top  to  bottom.  The  contrast  thus  presented  to 
the  length  of  time  and  trouble  required  to  efifect  the  binding  of  road  materials  where 
the  whole  mass  is  laid  on  loose,  is  alone  a  very  strong  recommendation  in  favour  of 
the  concrete. 

**  The  experiment  of  using  concrete  on  the  Brixton  Road,  although  not  at  present 
on  a  very  extensive  scale,  has  been  tried  under  circumstances  very  fJEir  from  being 
favourable,  and  on  a  part  of  the  road  which  had  hitherto  bafiled  every  attempt  to 
make  it  solid.  Since  the  concrete  has  been  laid  down,  however,  there  is  not  a  firmer 
piece  of  road  in  the  whole  Trust ;  and,  from  the  success  of  this  and  other  trials  made 
by  Mr.  Peufold,  but  which  I  have  not  seen,  I  believe  it  is  his  intention  to  recommend 
it,  in  a  general  and  extensive  way,  to  several  Trusts  under  whom  he  acts." 

Mr.  Penfold  himself  states  the  result  of  an  experiment  made  by  him  upon  the 
Walworth  Road.  **  It  was  raised  by  9  inches  of  concrete  and  6  of  granite  and  Kentish 
rag-stone  mixed,  and  in  some  parts  it  was  covered  by  rag  and  flints.  The  improve- 
ment is  so  great  with  respect  to  the  draught,  and  so  desirable  with  respect  to  the 
saving  in  the  annual  repair,  that  the  Trust  have  directed  it  to  be  applied  to  upwards 
of  two  miles  of  road  upon  which  the  greatest  trafiic  exists."  * 

One  of  the  principal  advantages  attending  the  employment  of  concrete  as  a  founda- 
tion for  roads  is,  that  in  this  manner  a  good  and  solid  road  may  be  made  with 
materials,  such  as  round  pebbly  gravel,  which,  in  any  other  mode  of  application, 
would  be  but  very  ill-suited  to  the  purpose,  and  would  form  a  very  imperfect  road. 
And  this  description  of  gravel  is  that  which  is  by  far  the  most  frequently  met  with. 
The  gravel  selected  for  this  purpose  should  be  free  from  any  kind  of  dirt,  clay,  or 
other  impurity,  and  should  consist  of  stones  and  Band,  mixed  in  about  such  propor- 
tions that  the  latter  would  just  fill  the  interstices  of  the  former.  The  gravel  should 
then  bft  mixed  with  the  pro|)er  quantity  of  ground  unslacked  lime  ;  in  ordinary  cases 
five  or  six  parts  of  gravel  and  one  of  lime  will  be  found  to  answer;  after  which, 
sufficient  water  being  added  to  effect  the  slacking  of  the  lime,  the  whole  should  be 
quickly,  but  thoroughly,  mixed  up,  and  then  immediately  thrown  into  place,  and 
trimmed  off  at  once  to  the  proper  form  intended  to  be  given  to  its  upper  surface ;  the 
first  layer  of  broken  stones,  or  screened  gravel,  as  the  case  may  be,  should  then,  as 
Mr.  Hughes  directs,  be  put  over  just  at  that  period  when  the  concrete  is  about  to  set, 
and  which  time  a  very  few  trials  will  suffice  to  determine. 

The  other  mode  of  forming  an  artificial  foundation,  to  which  we  have  alluded,  was 
introduced  by  Mr.  Telford,  and  consists  in  forming  a  rough  pavement  on  the  top  of 
the  formation  surface,  which  is  afterwards  covered  by  the  road  materials.  The 
following  is  an  extract  from  one  of  Mr.  Telford's  specifications  for  a  portion  of  the 
Holyhead  Road :  **  Upon  the  level  bed  prepared  for  the  road  materials,  a  bottom 
course,  or  layer  of  stones,  is  to  be  set  by  hand,  in  form  of  a  close  firm  pavement ;  the 
atones  set  in  the  middle  of  the  road  are  to  be  7  inches  in  depth  ;  at  9  feet  from  the 
centre,  5  inches  ;  at  12  feet  from  the  centre,  i  inches ;  and  at  15  feet,  3  inches. 
They  are  to  be  set  on  their  broadest  edges  lengthwise  across  the  road,  and  the  breadth 
of  the  upper  edge  is  not  to  exceed  4  inches  in  any  case.     All  the  irregularities  of  the 
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upper  part  of  the  said  pavement  are  to  be  broken  off  by  tlie  hammer,  and  all  the 
interstices  to  be  fille<l  ^rith  stone  chips,  firmly  wedged  or  packed  by  hfind,  with  a 
light  hammer ;  so  that,  when  the  whole  pavement  is  finislied,  there  shall  be  a  con- 
vexity of  4  inches  in  the  breadth  of  15  feet  from  the  centre."  * 

The  stone  which  Telford  employed  for  this  purpose  was  generally  such  as  would 
have  been  totally  unfit  for  most  other  purposes,  both  on  aocoont  of  its  inferior 
quality  and  from  the  smallncss  of  its  dimensions. 

In  comparing  the  relative  merits  of  these  two  methods  of  forming  the  foandations 
of  roads,  due  regard  must  be  had  to  the  nature  of  the  materials  found  in  the  loeality 
in  which  the  road  has  to  be  formed.  Where  stone  is  plentiful  and  easily  procured, 
the  paved  foundation  would  be  the  best ;  while,  in  a  neighbourhood  where  stone  is 
scarce,  but  gravel  and  lime  abundant,  the  preference  must  be  given  to  the  oonerete 
foundation. 

The  foundation  of  the  road  having  been  prepared  in  either  of  the  modes  which  we 
have  described,  the  next  proceeding  is  to  form  a  firm  and  compact  covering  to  pro- 
tect the  foundation  from  being  injured,  and  to  form  a  smooth  surfiuse  for  earziages  to 
travel  upon.  Now,  in  order  to  fulfil  this  double  office  efficiently,  the  materials  of 
which  this  covering  is  composed  should  possess  the  property  of  becoming  quickly 
nnited  into  one  solid  mass,  whose  surface  should  be  smooth  and  hard,  and,  at  the 
same  time,  not  liable  to  be  broken  to  pieces,  or  ground  into  dust,  by  the  wheels  or 
the  horses'  feet.  All  the  materials  which  have  been  applied  for  this  purpose  belong 
to  one  of  two  kinds, — either  angular  fragments  of  broken  stone  of  different  sorta^  or 
gravelly  pebbles  more  or  less  round ;  and  it  is  essential  to  the  formation  of  a  good 
road  that  the  distinction  here  pointed  out  be  kept  always  clearly  in  view,  becanae  a 
totally  different  mode  of  proceeding  must  be  adopted  to  form  a  perfect  road  with 
these  two  classes  of  material.  The  want  of  attention  to  the  distinction  which  we 
here  point  out  has  led  to  much  discussion  and  misapprehension  upon  the  snbijeet  of 
employing  clay,  chalk,  or  other  material,  as  a  binding  upon  roads. 

If  the  materials  of  which  the  road  covering  is  to  be  formed  are  in  angular  masws, 
then  no  binding  of  any  description  is  requisite,  as  it  is  found  that  they  quickly  become 
united  by  dovetailing,  as  it  were,  amongst  each  other,  and  that  in  a  much  firmer 
manner  than  they  would  become  by  the  use  of  any  kind  of  artificial  cement. 

When,  however,  the  stones,  instead  of  being  angular,  are  round  and  pebbly,  like 
gravel -stones,  it  then  becomes  necessary  to  mix  with  them  just  sufficient  foreign 
matter,  of  a  binding  nature,  to  fill  up  the  interstices  between  the  stonea,  which  other- 
wise would  roll  about  and  prevent  the  road  from  becoming  solid. 

We  have,  then,  two  methods  of  cementing  or  solidifying  the  surface  of  a  road :  oo^ 
by  the  mechanical  form  of  the  materials  themselves  forming  a  species  of  bond ;  the 
other,  by  the  use  of  some  cementing  or  binding  matter.  And  in  comparing  the 
relative  merits  of  the  two,  the  preference  must  certainly  be  given  to  the  forma*, — that 
in  which  the  stones  are  caused  to  unite  from  their  dovetail  form,  without  the  use  of 
any  cementing  material.  The  principal  reason  for  giving  this  preference  is,  that  roads 
formed  with  stones  so  united  are  not  affected  materially  by  wet  or  frosty  weather ; 
whereas  those  whose  surfaces  are  composed  of  pebbly  stones  united  by  some  cementing 
material  become  loose  and  rotten  under  such  circumstances,  from  the  cementing 
material  becoming  softened  by  the  wet,  and  reduced  to  a  loose  pulverulent  state  by 
subsequent  frost. 

The  first  method,  that  of  forming  the  road  covering  entirely  with  angular  pieces  of 
stone,  without  any  other  material,  was  first  strongly  recommended  by  Mr.  McAdam, 
and  all  subsequent  experience  has  shown  its  superiority  over  every  other  which  has 

*  bir  U.  Pomell  on  Boada,  p.  133. 
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been  employed.  The  most  important  quality  in  stone  for  road-making  is  toughjieta ; 
mere  hardness  without  tonghness  is  of  no  use,  as  such  stone  becomes  rapidly  reduced 
to  powder  by  the  action  of  the  wheels.  Those  stones  which  have  been  found  to 
answer  this  purpose  best  are  the  whinstones,  basalts,  granites,  and  beach  pebbles. 
The  softer  descriptions  of  stone,  such  as  the  sandstones,  are  not  fitted  for  this  purpose, 
beinj;  far  too  weak  to  resist  the  crushing  action  of  the  wheels.  The  harder  and 
more  compact  limestones  may  be  employed ;  but,  generally  speaking,  the  limestones 
are  to  be  avoided,  in  consequence  of  their  great  affinity  for  water,  which  causes  them, 
in  frosty  weather  which  has  been  preceded  by  wet,  to  split  up  into  a  pulverulent 
state,  and  destroys  the  solidity  of  the  road. 

Next  in  importance  to  the  quality  of  the  stone  is  its  proper  preparation  :  this  con- 
sists in  reducing  it  to  angular  fragments  of  such  a  size  that  they  will  pass  freely  through 
a  ring  of  2^  inches  in  diameter  in  every  direction  ;  that  is,  that  their  largest  dimen- 
sions shall  not  exceed  that  measure.  The  stone,  having  been  thus  prepared,  should 
then  be  evenly  spread  over  the  surface  prepared  for  the  foundation  of  the  road  to  the 
depth  of  about  6  inches ;  and  the  road  should  then  be  opened  for  traffic.  In  Mr. 
Telford's  specifications,  he  usually  directed  that  on  the  top  of  this  coating  of  broken 
stone  a  layer  of  good  dean  gravel,  about  an  inch  and  a  half  in  depth,  should  be 
spread  before  throwing  the  road  open  for  use.  The  reason  for  this  practice  was,  to 
lessen  the  extreme  unevenness  of  the  surface,  and  to  render  the  road  more  pleasant 
to  pass  over  when  first  opened.  It  would  be  better,  however,  for  the  public  to  put 
up  with  the  temporary  irconvenience  of  a  rough  road,  because  the  gravel  does  a  per- 
manent injury  to  the  road,  and  lessens  in  a  considerable  degree  the  property  which 
the  stones  possess  of  uniting  into  a  compact  solid  mass. 

Broken  stone,  being  so  superior  to  gravel  for  the  purpose  of  road-making,  should 
always  be  employed  where  it  can  be  easily  obtained.  There  are,  however,  many 
situations  in  which  gravel  is  the  only  available  materiaL  The  quality  of  gravel  varies 
BO  considerably,  that  while  some  kinds  may,  when  properly  prepared,  form  a  very 
excellent  road,  others  may  be  entirely  worthless  :  of  this  last  are  those  kinds  of 
gravel  the  stones  composing  which  are  of  the  sandstones  and  flints,  for  even  these 
last,  although  hard,  are  so  excessively  brittie  as  to  be  immediately  crushed  by  the 
passing  of  the  wheels  over  them.  The  gravel,  when  taken  from  the  pit,  should  be 
passed  over  a  screen  which  will  allow  all  stones  less  than  three-quarters  of  an  inch  to 
pass  through  it,  and  the  fine  stuflf,  or  hoggin^  as  it  is  technically  termed,  thus  obtained 
should  be  reserved  for  forming  the  footpaths ;  the  remainder,  which  has  not  passed 
through  the  screen,  should  have  all  the  stones  whose  greatest  dimension  is  more  than 
2\  inches  removed  and  broken,  and  it  would  be  desirable  that  these  broken  stones 
should  be  reserved  for  the  upper  layer.  In  screening  the  gravel,  especially  as  it  first 
comes  out  of  the  pit,  a  certain  portion  of  loam  will  generally  be  found  to  adhere  to 
the  stones,  and  this  should  by  no  means  be  separated  from  them ;  for,  as  we  have 
already  mentioned,  although  angular  broken  stones  require  no  extraneous  substance 
to  cause  them  to  bind,  the  case  is  different  with  the  pebbles,  of  which  most  gravel  ia 
composed,  which  require  a  certain  amount  of  loam,  clay,  or  chalk,  to  fill  up  the 
interstices  between  the  stones,  and  prevent  them  from  being  rolled  about,  as  they 
otherwise  would  be.  On  this  subject  Mr.  Hughes  has  made  some  observations  so 
much  to  the  purpose  that  we  cannot  do  better  than  quote  them  :  * 

"In  laying  on  this  upper  covering,  many  surveyors  commit  a  great  error  in  not 
making  a  distinct  difference  between  angular  or  broken  stones  and  those  rounded 
smooth  pebbles  of  which  gravel  is  usually  composed.     The  former  cannot  be  too  well 
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cleaned  before  being  laid  on  the  road,  because,  even  when  entirely  divested  of  all 
earthy  matter,  they  soon  become  vedged  and  bound  closely  together  when  the  pres- 
sure of  carriages  comes  upon  them.     But  the  case  is  different  with  the  smooth  roond 
surfaces  of  graTel ;  for  if  this  material  be  entirely  cleaned  by  means  of  washing  and 
repeated  siftings,  the  pebbles  will  nerer  bind,  untU  in  a  great  measure  th^  become 
ground  and  worn  down  by  the  constant  pressure  and  nibbing  ag&inst  each  other. 
Before  this  takes  place,  the  surface  of  the  road  must  be  considerably  weakened,  and 
will,  in  fact>  be  incapable  of  supporting  the  pressure  of  heavy  wheels,  which  conse- 
quently sink  into  it,  and  meet  with  considerable  resistance  to  their  progress.      Under 
these   circumstances,  it  seems  that  the  practice  of  too  scrupulously  cleaning  the 
rounded  pebbles  of  gravel  must  be  decidedly  condemned  ;  and  the  question  then 
arises,  to  what  extent  should  the  cleaning  process  be  dispensed  with  ;  or,  in  other 
words,  what  proportion  of  the  binding  material  found  in  the  rough  gravel,  as  taken 
out  of  the  pit,  should  be  allowed  to  remain  in  the  mass  intended  to  be  placed  on  the 
road  ?  *  *  *  A  long  course  of  experience,  accompanied  by  attentive  observations  on 
these  details  in  the  practice  of  road-making,  has  convinced  me  that  it  is  much  better 
and  safer,  as  a  general  rule,  to  leave  too  much  of  the  binding  material  in  the  gravel 
than  to  divest  it  too  completely  of  this  substance.     When  the  gravel  is  placed  on  a 
road  without  being  sufficiently  cleaned,   the  constant  wear  and  tear,  aided  by  the 
occurrence  of  wet  weather,  causes  the  harder  material  or  actual  gravel  to  be  pressed 
close  together ;  and  the  surplus  of  soft  binding  material  remaining  after  the  inter- 
stices between  the  pebbles  are  filled  up,   being  then  forced  to  the  top,  and  usually 
mixed  with  water,  becomes  mud,  and,  according  to  the  usual  practice,  should  be 
Bcra])cd  to  the  sides  of  the  road.     When  this  has  been  done,  the  surface  is  usually 
firm  and  solid,  because  the  hard  gravel  below  the  mud  has  become  perfectly  bound, 
without,  at  the  same  time,  being  broken  or  ground  to  pieces.     Suppose,  next,  a  road 
covered  with  gravel   too   much  cleaned,   where  it  is  evident  that  the  destruction 
of  the  gravel  will  continue  until  it  becomes  broken  into  angular  pieces,  and  a  sufficient 
quantity  of  pulverized  material  has  been  formed  to  hold  the  stones  in  their  places, 
and  thus  to  effect  the  binding  of  the  mass.     I  need  hardly  say,  that  the  deterioration 
thus  occasioned  to  the  road  is  an  evil  of  much  more  importance,  and  one  much  more 
to  be  avoided,   than  that  occasioned  by  employing  stones  not  sufficiently  cleaned. 
Regardless  of  all  this,  however,  it  is  the  practice  of  many  road-surveyors  to  insist  that 
all  gravel,  of  whatever  quality,  shall  be  rendered  perfectly  clean  by  repeated  sifting^ 
and  even  by  washing,  until  it  becomes  entirely  divested  of  all  that  may  properly  be 
considered  the  binding  part  of  the  material." 

The  gravel,  when  thus  prepared  by  screening,  should  be  laid  on  and  spread  to  a 
uniform  depth  of  not  more  than  6  inches  over  the  whole  road,  which  may  then  be 
thrown  open  to  the  use  of  the  public ;  particular  care  and  attention,  however,  is 
i-eciuired  to  be  given  to  new  roads  when  first  opened  for  traffic ;  a  sufficient  number 
of  men  should  be  employed  to  keep  every  rut  raked  in  the  moment  it  appeals  ;  and 
guards  or  fenders  should  be  placed  on  the  road,  to  oblige  the  vehicles  to  pass  over 
every  part  of  its  surface  in  turn.     If  these  precautions  are  not  taken,  years  may  elapse 
before  the  road  attains  a  firm  condition  ;   and  many  roads  have  been  permanently 
ruined  through  the  want  of  proper  attention  when  first  used.     When  ruts  are  once 
formed,  every  succeeding  vehicle  using  the  road  keeps  in  the  same  track,  deepening 
and  increasing  the  rut,   which   in  wet  weather  becomes  filled  with  water,  which, 
having  no  other  means  of  escape,  slowly  penetrates  the  sides  and  bottom  of  the  mt^ 
rendering  them  so  soft  as  to  be  still  further  acted  upon  by  each  succeeding  carriage. 
These  ruts  once  formed,  a  much  larger  outlay  is  required  to  repair  the  injury  than 


ROADS.  357 

would  have  prevented  its  occarrenoe,  besides  the  inconrenience,  danger,  and  expense 
to  the  public,  in  being  obliged  to  travel  on  a  road  when  in  such  a  condition. 

Amongst  the  substances  which  we  stated  might  be  mixed  with  clean  gravel  to 
enable  it  to  bind  was  chalk.  Now,  we  think  it  necessary  to  say  a  few  words  on  the 
use  of  chalk  on  roads,  as  some  misapprehension  exists  on  the  subject,  and  many 
roads  have  been  ruined  from  its  improper  use.  There  are  two  modes  in  which  chalk 
may  be  advantageously  employed  in  the  construction  of  roads.  It  may  be  laid  in  the 
very  bottom  of  the  road,  to  form  the  foundation,  btU  it  must  be  at  such  a  depth  as  to 
be  entirely  beyond  the  influence  of  frost,  otherwise  it  will  quickly  destroy  the  road  ; 
for  chalk  has  a  very  powerful  affinity  for  water,  or  rather,  to  speak  more  correctly* 
capillary  attraction  for  it,  in  consequence  of  which  it  readily  absorbs  all  the  moisture 
which  finds  its  way  through  the  road  covering  ;  and  herein  consists  its  value,  if  judi- 
ciously applied,  for  the  water  thus  absorbed  would  otherwise  have  penetrated  to  the 
foundation  of  the  road,  and  rendered  it  sofL  If,  however,  the  chalk  be  placed  within 
the  influence  of  frost,  the  water,  which  is  only  mechanically  held  by  the  chalk,  will, 
in  the  act  of  congealing,  exi>and,  and  by  so  doing  rend  the  chalk  into  a  thousand 
fragments,  and  reduce  it,  in  fact,  to  a  pulverulent  state,  which  the  succeeding  thaw 
changes  into  a  soft  paste  or  mud.  The  other  purpose  for  which  chalk  may  be 
employed  is,  as  already  mentioned,  to  be  mixed  with  gravel  in  order  to  make  it 
bind  :  in  using  chalk,  however,  for  this  purpose,  it  should  be  borne  in  mind  that  it  is 
only  required  when  the  gravel  is  perfectly  clean  and  free  from  other  binding  matter  ; 
the  mixing  it  with  gravel  already  containing  sufficient  clay  or  loam  is  not  only  useless, 
but  is  positively  injurious ;  and  even  when  the  gravel  is  of  such  a  nature  as  to  require 
being  mixed  with  chalk,  great  care  should  be  taken  not  to  add  too  much,  for  it  is 
not  with  chalk  as  with  the  loam  or  clay  with  which  gravel  is  naturally  combined  ; 
the  latter,  generally  speaking,  possesses  little  power  of  absorbing  water,  but  the 
superabundant  chalk  would  soon  be  reduced  to  the  state  of  a  soft  paste  by  the  action 
of  the  weather,  in  the  manner  which  we  have  just  described.  Chalk,  therefore,  if 
used  as  a  binding  material  with  gravel  on  the  surface  of  roads,  should  be  reduced  to  a 
state  of  powder,  and  should  be  perfectly  and  thoroughly  mixed  with  the  gravel  before 
the  latter  is  spread  on  the  road. 

We  would  also  remark  here,  that  although  we  have  recommended  the  use  of 
bushes  or  bundles  of  fagots  to  form  the  foundation  of  roads  over  very  soft  or  boggy 
ground,  they  should  only  be  employed  in  such  situations,  and  at  such  a  depth  below 
the  surface,  as  will  insure  their  always  being  damp  ;  for  when  in  a  situation  where 
they  would  be  alternately  wet  and  dry,  they  would  quickly  become  rotten,  and  form  a 
soft  stratum  beneath  the  road. 

PART    II. — MAINTENANCE    OF    MACADAMIZED    ROADS.* 

The  general  extension  of  i-ailways  over  all  the  leading  lines  of  communication 
throughout  the  kingdom  has  greatly  tended  to  withdraw  the  interest  of  the  public 
from  the  consideration  that  had  previously  been  given  to  the  construction  and  main- 
tenance of  the  ordinary  roads  ;  a  sudden  check  was  put  on  the  progress  of  improve- 
ment, and  the  systems  for  those  important  operations  remain  where  they  were  some 
fifteen  or  twenty  years  ago,  when  they  had  by  no  means  arrived  at  perfection. 

It  is  not  assumed  that  any  novelty  is  to  be  introduced  into  the  old  principles  for 
the  maintenance  of  macadamized  roads,  but  the  extent  to  which  it  is  considered  that 
they  ought  to  be  carried  out  is  not  recognized,  or,  at  least,  practised. 


•  By  General  Sir  John  Burgoyne,  Bart.,  G.C.B. 
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The  cbiof  features  of  proposed  improvemeiit  are — 

Ist,  The  keeping  the  road  perfectly  clear  of  dust,  dirt,  or  of  anj  anoonneeted 
matter  over  the  crast  of  consolidated  broken  stone. 

2Dd,  Minute  repairs  to  the  surface,  in  small  patches,  immediately  on  the  appear- 
ance of  any  want  of  form  or  substance. 

Previous  to  entering  into  the  question  of  maintaining  a  road,  we  ought  to  suppose 
it  to  be,  in  the  first  instance,  in  a  proper  state. 

There  are  two  very  important  requisites  for  a  road,  without  which  it  ought  not  to 
be  considered,  if  a  new  road,  as  completed,  or,  if  an  old  ona,  as  efficient ;  one  of 
which  is  generally  much  neglected,  and  the  other  entirely.  The  one  is  thoroagh 
drainage ;  the  other,  the  consolidation,  as  part  of  the  work,  of  any  great  mass  of  new- 
laid  stone. 

It  is  very  rare,  indeed,  that  a  road  is  thoroughly  drained.  If  it  has  a  longitndinal 
drain  on  each  side,  in  which  the  water  does  not  remain  at  any  time  standing  so  high 
as  the  luwest  part  of  the  cross  section  of  the  road,  it  is  oonsidered  to  be  adequately 
drained  ;  but  it  is  suggested  that  under  many  circumstances  it  may  fitil  to  be  so,  and 
that  instances  may  be  constantly  seen  where  such  drainage  is  quite  insufficient,  as  in 
the  following  cases : 

1.  Where  along  flat  ground,  the  water  remains  in  the  drain  for  lengthened  periods, 
up  to  within  a  few  inches  of  the  level  of  the  road,  the  moisture  will  soak  through, 
be  retained  under  the  surface  of  the  road,  and  cause  it  to  be  soft  and  heavy. 

2.  Where  the  road  is  wide  between  these  drains,  viz.  from  80  to  60  feet,  or  up- 
wards, and  the  soil  at  all  retentive  of  moisture,  the  wet  will  be  long  in  passing  off. 

In  the  drainage  of  lands  for  agricaltural  purposes,  on  the  system  practised  by  Mr. 
Smith,  of  Deanston,  which  is  generally  received  as  judicious,  18  feet  is  a  usual 
distance  between  his  covered  drains,  while  30  and  40  are  extreme  distances ;  and, 
certainly,  it  is  far  more  important  to  undcr-drain  a  road. 

3.  If  there  are  springs,  or  any  degree  of  filtration  of  water  not  cut  off  by  the  side 
drains,  in  the  bed  of  the  road,  theory  says,  and  even  specifications  require,  that  they 
should  be  drained  off,  but  in  practice  it  is  seldom  attended  to. 

4.  The  flatness  that  is  now  given  to  all  roads  is  such  as  will  not  admit  the  water 
to  run  off  them,  unless  it  falls  in  very  large  quantities,  and  then  only  partially,  or 
unless  the  road  be  very  smooth,  hard,  and  perfect  in  shape.  Even  the  slight  cnrre 
that  is  required  is  very  seldom  preserved  in  the  habitual  maintenance  of  the  rood, 
certainly  not  in  the  firm  part  of  it,  if  any  can  be  called  so. 

If  a  road  is  to  be  kept  in  the  onlinary  inefilcieut  condition,  it  would  be  decidedly 
better  to  give  a  greater  curvature  to  its  cross  section  than  usual,  notwithstanding  the 
evils  attending  it. 

5.  All  the  water  that  falls  on  the  sheets  of  loose  broken  stone,  which  always  lie  a 
considerable  time  before  they  aie  consolidated,  disappears,  it  is  true,  from  the  sur- 
face, but  soaks  on  to  the  under  stratum,  and  is  by  so  much  the  worse,  as  it  is  in  some 
degree  retained  by  the  consistency  of  the  hollow  in  the  remaining  emst  of  the  road. 

6.  It  is  rare  that  water  has  so  free  a  passage  as  it  ought  from  the  water-tables, 
through  the  footpaths  or  other  obstructions. 

7.  Lastly,  it  is  not  uncommon  for  the  gullets  for  i>a88ing  small  watercourses  under 
the  road  to  )>e  qui  te  insufficient  in  number  or  dimensions. 

These  defects  are  almost  universal :  to  remedy  them  thoroughly,  that  is,  to  a  degree 
far  greater  than  is  now  usually  thought  to  be  at  all  necessary,  would  cost  much  less 
than  the  wear  and  tear  occasioned  by  their  existence  ;  and,  indeed,  without  their 
being  thoroughly  provided  against,  no  labour  or  expense  will  keep  the  road  in  a  first- 
rate  degree  of  perfection. 
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It  is  this,  perhaps,  more  than  any  other  drcomBtanoa,  that  renden  it  moft  difficult 
by  any  expenditnre  to  keep  a  macadamised  roadway  in  the  greatly  freqnented  streets 
of  large  towns  in  any  sound  state  during  a  continuance  of  very  wet  weather. 

With  regard  to  the  second  requisite,  namely,  the  consolidation  of  the  broken  stone 
on  new  roads,  (or  in  cases  of  extensive  repairs,)  before  they  are  giren  up  for  the 
general  traffic,  no  road  ought  to  be  considered  to  be  finished  until  thoroughly  rolled, 
that  is,  to  a  degree  that  will  admit  of  horses  in  draught  trotting  over  it  without  much 
extra  exertion. 

As  this  is  seldom  if  ever  attended  to,  the  propriety  of  its  adoption  requires  some 
distinct  explanation  and  arguments,  which  will  be  found  at  the  end  of  this  article. 

The  great  advantage  of  maintaining  roads  in  good  condition,  as  a  measure  of 
economy,  has  frequently  been  adverted  to,  but  cannot  be  too  often  repeated  or  too 
strongly  enforced,  particularly  since  it  is  little  attended  to  in  practice. 

Without  going  into  the  question  minutely,  perhaps  the  following,  as  a  single  illus- 
tration, will  not  be  considered  overstrained  : 

Suppose  the  work  of  every  horse  on  any  given  road  be  calculated  at  twenty  miles 
daily  journey  upon  it,  and  that  the  services  required  be  regulated  by  the  number  of 
horses  applied,  it  is  probable  that  the  difference  in  the  state  of  a  road  that  would 
enable  four  horses  instead  of  five  to  do  any  given  amount  of  work  would  not  be  so 
great  as  most  persons  might  imagine. 

The  calculation  may  be  made  in  various  different  ways  ;  distances  traversed,  or 
loads  conveyed,  or  rates  of  speed,  may  be  varied  according  to  the  goodness  or  defects 
of  the  road  ;  the  supposed  result,  however,  by  any  mode  of  reasoning,  is,  that  four- 
fifths  the  amount  of  animal  labour  should  be  able  to  do  the  work  in  one  case,  that 
would  require  one-fifth  more  in  the  other. 

Supposing  the  number  of  horses  employed  to  be  equal  to  an  average  of  eighty 
daily,  over  twenty  miles  of  the  inferior  road,*  then  sixteen  horses  (or  one-fifth)  might 
be  spared  if  the  road  were  improved  to  the  condition  contemplated  on  the  above  cal- 
culation. 

Suppose  also  the  value  of  each  horse  to  be  estimated  at  £45  per  annum  for  his 
purchase,  feeding,  care,  harness,  &c.,i'  there  would  be  an  available  amount  of  £680 
per  annum  for  the  improvement  and  maintenance  of  this  twenty  miles  of  road  at  its 
superior  state,  or  £34  per  mile. 

If  it  could  be  shown  that  an  increased  expenditure  on  the  ro^,  not  exceeding  that 
amount  would  have  the  effect  of  placing  and  maintaining  it  in  the  superior  condition, 
it  must  decidedly  be  true  policy  that  it  should  be  incurred,  not  only  on  account  of 
the  one  ingredient  of  reduction  of  animal  labour,  but  on  many  others  on  which  it  is 
not  easy  to  put  a  money  value,  — such  as  wear  and  tear  of  carriages  and  harness  ; 
greater  degree  of  lightness  and  ease  that  may  be  given  to  the  carriages ;  saving  of 
time  by  increased  degrees  of  speed  that  would  be  adopted  for  traffic  of  all  kinds,  but 
particulai'ly  for  passengers  ;  greater  freedom  from  mud  or  dust ;  reduction  of  cruelty 
to  animals,  which  by  no  process  can  be  so  great  on  a  good  as  on  a  bad  road  ;  im- 
proved business  in  the  district,  and  increased  traffic  that  would  be  brought  on  the 
road  by  the  additional  facility  and  comfort  it  afforded,  with  very  many  others. 

This  argurc-'nt  has  reference  to  the  question  as  regards  the  public  generally,  with- 

•  Equiyalont  to  the  work  of  a  single  homo  over  1000  miloa,  including  the  amo\mt  traversed 
by  every  horse  over  every  port  of  thin  20  miles. 

f  It  is  submitted  that  £45  per  annum  can  hardly  bo  deemed  high ;  it  wotild  probably 
amount  to  that  average  by  the  addition  of  a  horse  to  every  carriage ;  but  when  it  is  considered 
that  most  of  them  are  single-horse  vehicles,  each  additional  horse  in  those  cases  would  require 
an  additional  carriage  and  driver. 
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out  consideration  of  what  parties  are  to  pay  for  the  expenditure,  or  wbat  parties  are 
to  receive  the  benefit, — a  consideration  that,  unfortunately,  frequently  leads  to  many 
impolitic  proceedings. 

In  Ireland,  for  instance,  where  the  roads  are  maintained  by  county  assessment,  the 
amount  of  funds  granted  has  chiefly  reference  to  the  weight  of  the  tax,  and  not  to 
the  necessity  of  tho  case,  or  the  indirect  advantages  to  the  community  from  good 
roads. 

The  first  principle  to  be  established  should  be  the  most  beneficial  and  economical 
system  for  the  country  generally,  and  afterwards  to  regulate  the  just  apportionment 
and  the  manner  in  which  the  necessary  funds  are  to  be  raised. 

It  is  not  the  object  of  this  article  to  go  into  the  question  of  how  that  is  to  be  done, 
but  it  may  be  stated  en  passant  that  the  turnpike  system,  on  the  fallacious  reason  of 
those  who  use  the  road  paying  for  it^  is  considered  to  be  by  no  means  judicious  or 
equitable. 

In  treating  of  the  condition  of  a  road,  the  present  intention  is  merely  to  consider 
how  to  preserve  its  surface,  without  reference  to  any  question  of  how  it  may  have 
been  carried  through  the  country,  ur  of  its  hills,  &c., — matters  that  have  more  relation 
to  construction  than  to  maintenance. 

A  road  in  superior  condition  is  assumed  to  be  one  that  has  always  a  hard  and  even 
surface,  with  curvature  just  sufficient  for  the  water  to  run  off,  without  even  small 
hollows  in  which  it  will  lodge,  without  mud  in  wet  weather,  or  dust  in  dry,  and  at  no 
time  with  extensive  patches  of  the  usual  sized  broken  stone  newly  laid  upon  it. 

The  inferior  road  is  precisely  the  reverse  of  this  in  its  qualities,  but  the  degree  of 
inferiority  cannot  Ite  very  accurately  defined  :  it  may,  for  the  purpose  of  this  argu- 
ment, be  considered  such  as  would,  generally  speaking,  be  termed,  more  or  leas,  a 
heavy  or  rough  roa<l. 

The  time  when  the  relative  condition  of  roads  is  most  clearly  to  be  perceived  is  in 
very  wet  weather ;  the  good  will  then  be  still  quite  hard,  with  no  inequalitiea,  no 
dirt,  no  puddles  ;  it  will  be  as  a  good  road  in  summer  recently  watered. 

The  inferior  will  be  muddy,  in  numerous  puddles,  rough,  or  soft  and  heavy. 

It  has  been  endeavoured  to  be  shown  that  it  would  be  good  policy  and  economical 
to  expend  a  considerable  additional  sum  annually  in  improving  and  maintaining  the 
road  in  the  superior  manner,  if  not  to  be  effected  without  such  extra  expenditure. 

A  road  must  have  at  least  three  or  four  inches  of  stoning  upon  it,  or,  if  not  very 
firm,  wheels  will  in  parts  cut  down  to  the  subsoil,  and  it  will  be  impassable. 

As  the  stone,  therefore,  is  worn  down  to  dust  or  mud,  it  mutt  be  renewed  in  at 
least  equal  quantities. 

This  is  all,  therefore,  that  is  absolutely  necessary  to  enable  carriages  to  make  use 
of  it ;  and  by  an  erroneous  inference,  which  it  would  appear,  judging  by  the  ordinary 
course  of  proceeding,  is  general,  it  is  considered  that  the  cheapest  mode  of  main- 
taining a  road  in  a  condition  to  be  merely  passable,  is  to  do  no  more  than  lay  down 
stone  along  it,  just  before  it  arrives  at  its  minimum  thickness. 

It  seems  also  to  be  considered,  that  whatever  improvement  is  made  beyond  that 
sUite,  in  the  goodness  of  the  road,  as  a  measure  of  convenience,  or  for  the  economy  of 
the  working  power  on  it,  must  be  at  the  sacrifice  of  some  direct  increase  of  expense 
upon  the  road. 

There  is,  however,  great  reason  to  believe  that  by  a  proper  system  the  greatest 
improvements  might  be  ma<le  at  very  littiCf  if  any^  increased  outlay. 

It  would  be  manifestly  a  subject  of  great  importance  to  prove  and  establish  such  a 
position. 

On  a  thoroughly  good  road,  the  wear  is  even,  gradual,  and  very  slow;  the  carriagee 
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work  indificrimiiiately  over  every  part ;  but  such  a  condition  must  be  narrowly 
watched,  for  if  left  to  itself,  slight  inequalities  are  formed,  each  of  which  tends 
to  a  more  rapid  wear  of  the  road ;  and  in  proportion  to  the  length  of  time  that  these 
are  allowed  to  continue  and  increase,  and  the  less  frequent  and  more  extensive  are 
the  repairs,  by  so  much  will  be  the  injury  done  by  each  carriage  :  thus,  in  the  first 
cose,  where  the  traffic  of  one  week  may  do,  in  a  given  distance,  ten  shillings*  worth 
of  injury,  in  the  worst  of  the  latter  it  may  do  damage  to  the  value  of  twelve  or 
fifteen  ;  if,  therefore,  it  can  be  maintained  at  once  in  the  better  condition  at  the  higher 
rate,  thuugh  the  ultimate  expense  is  the  same,  yet  we  have  the  good  road  instead  of 
the  bad. 

Independent  of  the  constant  perfect  efficiency  of  the  drainage,  and  that  a  good  form 
of  cross  section  be  preserved  at  every  application  on  the  surface,  there  are  two  leading 
operations  to  be  regulated, — namely,  the  removal  of  the  produce  of  the  wear,  in  the 
shape  of  dust  or  mud,  and  the  application  of  fresh  material  to  replace  the  loss. 

First,  with  regard  to  the  dust  or  mud,  arising  from  wear  or  other  causes.  In 
roads  that  are  much  neglected,  this  waste  matter  is  never  removed  ;  in  such  cases, 
unless  under  very  favourable  circumstances  of  original  good  construction,  very  perfect 
drainage,  great  exposure  to  the  sun  and  wind,  and  small  traffic  on  it,  the  road  will  be 
very  dusty  in  dry,  and  very  muddy  in  wet  weather,  all  which  not  only  tend  to  make 
it  heavy  to  the  draught,  and  to  create  inequalities,  but  to  increase  greatly  the 
grinding  operation  of  the  wheels,  and  consequently  more  rapidly  to  consume  the 
material. 

From  such  a  state  of  absolute  neglect,  various  gf'adations  may  be  adopted  ;  first,  to 
a  partial  removal,  at  long  intervals  of  time,  when  there  shall  be  a  great  accumulation  ; 
thence  to  a  more  frequent  removal,  up  to  the  best  system,  namely,  that  of  constant 
attention,  and  an  entire  prevention  of  any  perceptible  collection.  In  the  first  case, 
scrapers  of  different  materials  and  forms  are  used,  or  shovels  and  birch  brooms,  till, 
in  the  latter,  the  broom  alone  may  be  sufficient. 

The  waste  matter  from  the  wear  of  the  road  (always  injurious  if  left  upon  it)  may 
be  removed  as  dust  or  as  mud  : — in  the  former  state,  however,  with  much  greater 
facility  and  advantage.  As  dust,  it  is  removed  before  it  has  done  much  injury  ;  it  is 
lighter  and  easier  to  collect ;  a  broom,  which  is  the  implement  to  be  used,  does  not 
derange  the  surface,  as  a  scraper  may  in  the  removal  of  mud  ; — the  scraping  away  of 
mud  will  leave  much  that  will  form  dust,  while  sweeping  away  the  dust  will  leave 
nothing  for  mud. 

Unfortunately,  however,  the  climate  of  England  and  Ireland,  by  the  proportion  of 
wet  as  compared  with  dry  weather,  would  not  admit  of  this  removal  of  dust  to  any 
very  great  extent ;  still  the  principle  would  be  adhered  to  as  much  as  possible,  and  at 
all  events  no  accumulation  of  either  dust  or  mud  should  be  allowed. 

The  constant  sweeping  away  of  the  dust  or  soft  mud  may  be  deemed  the  pre- 
vention of  evil ;  the  occasional  scraping  away  the  stiff  mud  in  quantities,  the  remedy 
for  it. 

The  manner  of  supplying  the  material  for  preserving  the  necessary  thickness  for 
the  crust  of  a  road,  will  also  admit  of  great  variation  from  the  worst  system,  which 
is  that  of  waiting  till  the  surface  has  lost  its  shape,  is  covered  with  mud  and  pools  of 
water,  to  which  a  thick  covering  of  stone,  broken  to  the  usual  dimensions,  is  applied 
over  extensive  distances,  and  there  left  to  be  worn  down  by  the  carriages  that  casually 
pass  it. 

This  necessarily  produces  very  heavy  draught, — chance  of  injury  to  horses*  feet, — 
a  very  slow  formation  and  consolidation,  a  great  deal  of  displacement  of  material,  and 
extra  grinding  and  wear  and  tear  ;  and  thus  the  road  is  periodically  rendered  almost 
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unfit  for  transit  by  the  very  operation  tbat  is  called  its  repair,  and  nltimatelj  remains 
a  mis-shapen  fixing  of  not  half  the  quantity  hiid  down. 

On  that  system  improvements  are  introduced  by  more  frequent  patoking  in  smaller 
quantities  at  a  time,  up  to  that  irhich  may  be  deemed  the  most  perfect^  namelj,  a 
constant  wat<:hing,  and  the  application  of  very  amall  patchet  of  itone  br<^:en  fine, 
carefully  supplied  to  the  small  hollows,  as  they  shall  successively  be  formed,  and  to 
places  where  the  shape  or  strength  shall  be  deficient,  these  parts  being  loosened  with 
a  pick,  and  the  fresh  material  rammed  down*  into  them,  and  attended  to  carefully 
till  finally  consolidated. 

It  is  very  evident  tliat  instead  of  all  the  grinding  and  crushing  of  the  material  which 
attends  the  passage  of  wheels  over  the  soft  rough  road,  the  friction  and  oonseqaent 
wear  on  that  which  is  perfectly  even  and  hard  must  bo  most  triHing, 

Under  the  system  here  recommended  as  the  best,  there  will  be,  no  doubt»  some 
additional  manual  labour  requisite  on  the  road,  but  at  the  same  time  a  most  decided 
saving  of  material  and  in  the  carnage  of  it ;  and  in  cases  of  tolerably  frequented 
roads,  or  where  material  is  distant,  and  therefore  costly,  perhaps  it  may  be  said 
generally,  the  saving  on  that  item  will  l>e  greater  than  the  extra  expenditure  on  the 
other  ;  thus  obtaining  an  absolute  reduclion  of  outlay  to  procure  the  perfect  road,  and 
what  is  of  advantage  in  almost  every  country  whei"e  it  can  be  effected  without  extra 
expense,  increased  work  for  the  labouring  population  of  the  vicinity  ;  that  is,  the 
substitution  of  manual  labour  for  the  employment  of  material  and  animals. f  It  may 
almost  be  asserted,  that  under  a  thorough  good  system,  the  better  the  road  is,  the  less 
will  be  the  outlay  upon  it. 

Many  of  the  above  remarks  have  been  suggested  by  some  very  interesting  papers 
written  by  Mens.  L.  Dumas  and  other  French  engineers  of  the  Corps  des  Ponts  ct 
Cliauss^. 

They  state  many  facts  which  establish  in  a  great  degree  the  gradual  improvement  of 
system  and  the  soundness  of  these  principles. 

The  following  took  place  with  respect  to  the  high  roads  (Routes  Boyales)  of  the 
Dci>artement  de  la  Sarthe,  somewhat  less  than  250  miles  in  extent : — 

Per  MUo. 

In  1793  a  demand  was  made  to  put  them  in  complete  order    .    £15,280  or  £60 

In  1824  the  demand  was  about 0,000  „     36 

Inl83G  „  „ 7,760,,     31 

In  1839  „  „  6,640  „     26 

And  the  roads  have  become  better  concurrently  with  the  reduction  of  cost  in  main- 
tenance, from  being  in  1793  in  deep  ruts,  to  1839,  when  they  were  in  very  good 
order. 

Fart  of  the  great  road  between  Lyons  and  Toulouse,  till  1833,  was  always  in  a 
dreadful  state,  and  yet  cost  habitually  about  £110  per  annum  per  English  mile  for 
maintenance,  when  M.  Berthault  Ducreux  introduced  a  system  of  patching  instead  of 
general  repairs  ;  since  when,  the  road  was  gradually  improved,  till  it  was  in  a  very 
good  state,  and  the  annual  expense  reduced  by  £13  or  £14  per  mile. 


^  Loopcnlng  the  siirTiico  with  a  pick  whenever  now  materliil  is  laid  on  La  qult€  nocessary  when 
a  TiXid  i»,flriii ;  those  who  argiic  that  it  is  uiinocessar}-  or  wroiiff,  miwt  refer  to  roads  that  are  aoft, 
ill  which  coHc  it  will  Ix)  more  rcoiiily  iircsscd  into  it,  and  thonolAO  the  stuno  may  be  broken  larger. 

t  It  is  not  meant  to  eonvoy  the  idea  that  the  prociiriug  of  material  and  even  the  carting  ia 
not  attended  also  by  a  great  proportion  of  manual  labour,  but  to  a  smaller  amount  in  equal 
expenditures,  and  much  of  It  to  a  dUIorcnt  and  superior  doM. 
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Another  instanoe  ia  quoted,  where,  prior  to  1837,  the  ayerage  amount  of  broken 
stone  laid  on  33  miles  of  road  was  6000  cubic  yards  ;  under  the  improved  system  in 
1837,  5000  cubic  yards  were  applied  ;  in  1838,  only  1350  cubic  yards  ;  and  in  1889 
none. 

This  last  case,  however,  may  have  been  one*  of  those  where  they  have  found 
in  France  the  system  of  heaping  masses  of  broken  stone  as  the  only  remedy  for  a 
degraded  state  of  road  had  led  to  a  great  superfluous  accumulation  of  material,  ia 
many  instances  amounting  to  12  and  15  inches,  and  in  some  actually  to  3  and  even 
4  feet.  In  such  cases  they  have  subsequently  gone  on  for  years  attending  to  drainage, 
form,  and  keeping  the  road  clean,  and  applying  very  little  or  no  fresh  material  for  the 
whole  time. 

In  another  instance  the  cost  has  been  as  follows  : — 


Year. 

Exjaenditure. 

Total. 

MatoriiU.       j    Rood  Labour. 

£ 

£ 

£ 

1830 

548 

166 

714 

1831 

563 

188 

751 

1832 

496 

lol 

047 

1833 

500 

167 

667 

1834 

433 

177 

615 

1835 

398 

145 

543 

1836 

380 

160 

540 

1837 

360 

178 

538 

1838 

180 

233 

413 

1839 

250 

300 

550        , 

In  1837,  when  it  was  taken  up  on  the  new  system,  the  road  requii*ed  considerable 
improvements  ;  in  1840,  two-thirds  of  it  were  in  perfect  condition  ;  and  whenever  the 
whole  might  be  re-formed,  it  was  calculated  that  from  £400  to  £440  would  keep  it 
perfect. 

But  more  complete  illustrations  are  to  be  found  in  the  road  from  Tours  to  Caen,  in 
La  Sarthe,  which  was  in  1836  in  so  bad  a  state  that  an  official  report  of  3rd  May  of 
that  year  announced,  that  without  a  special  credit  of  £2000  towards  it,  and  a  yreaJt 
additumcU  provision  of  material,  there  was  danger  that  it  would  become  impassable  : 
in  January,  1837,  it  was  put  under  the  charge  of  Monsieur  Dumas. 

The  expenditure  upon  it  for  some  years  before  and  after  that  period  was  as 
follows  : — 


Year. 

Expenditure. 

Material. 

Road  Labour. 

TotiU. 

£ 

£ 

£ 

1832 

872 

195 

1067 

1833 

708 

205 

913 

1834 

745 

236 

981 

1835 

671 

280 

951 

1836 

684 

293 

977 

1837 

584 

504 

1088 

1838 

445 

456 

901 

1839 

412 

420 

832 

1840 

271                   392 

663 

1841 

163        1          445 

608* 

*  It  is  worthy  of  remark,  in  the  above  Tables,  how  by  the  improved  mode  there  is  an 
increase  of  rood  labour,  and  a  reduction  in  consumption  of  materiaL 
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In  August,  1838,  this  road  was  reported  to  be  in  a  very  good  Bkate,  and  siiioe  then 
it  has  become  better  and  better. 

In  1834,  the  mail  required  always  fire  horses,  and  the  road  was  then  so  bad  that 
the  postmaster  lost  eleven  by  the  hard  -work  in  one  year.  In  1837  it  required  four 
and  five  horses.  In  1838  the  number  of  horses  was  reduced  to  three  ;  and  in  1813 
there  were  only  two  of  middling  quality,  and  the  postmaster  lost  none  from  that 
cause. 

In  this  same  district,  in  consequence  of  the  improvement  of  these  roads,  since  1839, 
a  number  of  lighter  public  carriages  has  been  established  ;  they  have  now  (1843)  four 
wheels,  are  drawn  by  one  horse,  carry  nine  passengers,  and  go  between  seven  and  eight 
miles  an  hour  :  previously,  the  carriages  for  the  same  number  of  passengers  had  two 
wheels,  two  horses,  and  w^ent  slower. 

There  are  somewhat  less  than  45,000  miles  of  high  road  in  France,  over  which  it 
was  reckoned  in  1835  that  scvcnty-fivo  horses  in  draught  passed  daily,  exclusive  of 
passenger  carriages,  each  horse  drawing  an  avcrnge  of  one  French  ton  (1000  kilo- 
grammes, equal  to  about  19}  cwt.  Euplish)  besides  the  carriage,  and  the  cost  of 
drawing  of  each  ton  per  league  (about  2 J  miles  English)  was  reckoned  to  be  one 
franc  (lOc/.).  This  would  make  the  expense  of  the  draught  of  merchandise  over  the 
high  roads  in  France  between  20  and  21  millions  of  money  per  annum. 

These  French  Engineers  calculate  that  there  might  be  a  saving  of  at  least  one-third, 
say  of  £7, 000, 000,  to  the  public,  by  maintaining  the  roads  in  the  best  possible  condition, 
from  that  on  which  these  calculations  were  made,  which  they  affirm  may  be  done 
without  a  fraction  of  increaseil  expense  ;  on  the  contrary,  by  a  reduction  in  the  expen- 
diture on  road  repairs. 

So  great  an  effect  is  not  to  be  produced  in  Great  Britain  and  Ireland,  because  the 
high  roads  are  not  in  so  bad  a  condition  as  they  were  in  France  when  this  calculation 
was  made  ;  nor  is  the  accumulation  of  broken  stone  so  great  as  to  admit  of  abstaining 
altogether  from  the  application  of  fresh  material  for  a  considerable  period,  as  appears 
to  have  been  very  much  the  case  in  that  country  on  the  introduction  of  this  improved 
system. 

But  principally  there  is  an  advantage  there  in  respect  to  climate, — ^tho  wet  weather 
being  only  calculated  at  one-third  of  the  days  in  the  year,  and  the  dry  at  two-thirds  ; 
nor  is  the  material  perhaps  relatively  so  cheap  as  in  Great  Britain,  and  consequently 
the  saving  on  that  item  would  be  less  in  this  country. 

Still  there  is  very  great  room  for  improvement  in  the  system  of  maintenance  of  roads 
in  the  Britisli  Islands  from  even  the  best  now  practised,  which  is  by  frequent  patching, 
to  that  of  constant  attention,  determined  prevention  of  the  collection  of  dust  or  mud, 
and  the  application  of  finely  broken  stone,  carefully  blended  in  with  the  old  in  small 
patches  on  the  first  appearance  of  inequalities  or  deficiency  ;  and  if  the  variable  and 
more  damp  character  of  the  climate  is  unfavourable  to  the  wear,  and  to  the  sweeping 
away  of  the  waste  matter  in  the  shape  of  dust,  it  affords  the  advantage  at  least  of  pre- 
senting greater  opportunities,  even  in  summer,  of  applying  the  broken  stone,  which 
cannot  be  done  during  dry  weather  without  artificial  watering. 

The  principle  of  unceasing  and  minute  attention  to  the  road  requires  a  different 
mode  of  proceeding  from  that  of  occasional  working  at  intervals. 

It  will  require  men  on  constant  duty  for  every  part  of  each  district. 

In  England,  men  have  been  employed  on  this  principle,  called  milemen,  and  with 
great  success. 

In  Fiance  it  is  very  general,  if  not  universal ;  they  are  called  cant<mnier$. 

Such  men  must  reside  in  the  immediate  neighbourhood  of  their  district)  and,  if 
possible,  they  should  bo  very  near  the  middle  of  it^ 
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The  milemen  in  England  seem  to  be  considered  generally  as  a  class  of  gangsmen, 
and  have  labourers  under  them  in  proportion  to  the  work  that  may  be  required  at 
different  periods. 

In  France  the  cantonnier  frequently  does  all  the  work,  except  on  Tery  special 
cases  of  need,  and  some  importance  is  attached  to  allotting  such  portion  of  road 
to  each  man  as  he  may  be  able  to  attend  to  by  himself,  and  as  vill  give  him  full 
employment. 

The  advantages  they  propose  by  this  is  to  render  the  expense  more  regular, — to 
encourage  a  spirit  of  pride  and  emulation  among  them,  and  thus  stimulate  their 
ingenuity  and  exertions  ;  the  entire  and  undivided  responsibility  resting  with  each. 

What  with  attention  to  drains,  to  the  shape  and  trimming  of  the  road,  to  the 
removal  of  loose  stones,  and  to  very  frequent  sweeping,  preparing  material  after  it 
may  be  brought  to  the  places  of  d^p^t,  and  applying  it  where  needed  (which  latter 
must  be  done  in  wet  weather),  it  has  been  found  that  the  work  may  be  made  constant 
and  generally  pretty  regular  throughout  the  whole  year. 

Under  the  French  system  the  extent  of  road  given  to  each  man  must  be  nicely 
regulated,  so  as  to  give  him  full  employment,  and  yet  not  more  than  he  can  perform  ; 
and  this  adjustment  is  one  of  the  greatest  difficulties  in  the  system,  as  the  efficiency 
and  economy  of  the  maintenance  will  greatly  depend  upon  it :  if  the  district  be  too 
large,  the  man  cannot  du  justice  to  it ;  in  that  case,  some  mud,  dust,  or  loose  stones 
must  be  admitted,  or  inequalities  allowed  on  the  surface ;  the  question  will  be  how 
much  it  ought  to  be,  and  the  regulation  becomes  indefinite  and  incomplete :  if  the 
district  be  too  small,  it  will  not  be  easily  detected|  as  he  will  hardly  confess  it,  or 
perhaps  even  be  aware  of  it. 

The  object  of  the  preceding  remarks  is  to  endeavour  to  establish — 

That  to  obtain  the  best  of  roads  requires  much  more  constant  attention  than  is 
now  bestowed  upon  them  ;  and  that  there  is  great  reason  to  believe,  that  generally 
this  may  be  done  without  incurring  any  additional  outlay. 

That  the  drainage  ought  to  be  more  effective ;  and  after  that  is  provided  for,  the 
two  leading  operations  requisite  are,  1st,  Perfect  cleanliness — that  is,  the  removal  of 
all  dirt  from  the  road  before  it  has  time  to  collect  in  any  sensible  degree  ;  2iidly,  Tlie 
patching  of  every  inequality,  so  as  to  preserve  the  surface  perfectly  smooth,  and  to 
provide  for  the  waste  in  small  quantities,  and  by  material  of  the  very  best  quality 
that  can  be  had,  immediately  that  the  most  minute  want  is  perceived. 

If  a  road  that  has  four  inches  or  more  thickness  of  broken  stone  upon  it  is  in  bad 
condition,  the  proper  process  will  be,  not  that  ordinarily  pursued  of  immediately 
laying  two  or  three  inches  of  fresh  material  along  its  centre,  but  to  commence 
cleaning  it  of  the  dust  or  mud,  then  to  make  good  the  surface  to  an  even  and  proper 
shape,  pick  up  all  the  little  hollows,  fill  them  with  patches  of  broken  stone,  and  to 
pay  subsequently  constant  attention  to  thofie  same  operations. 

OBSXaVATIONS  AND  XZPLAHATI0N8. 

The  dirt  will  be  removed  chiefly  by  the  broom,  and  will  be  far  more  valuable  as  a 
manure  for  land  than  what  is  now  obtained.  By  removing  it  rapidly,  and  keeping 
the  surface  even  and  firm,  there  will  be  very  much  less  of  the  stone-dust,  which, 
except  in  limestone,  causes  poorness  in  the  manure  ;  consequently  it  will  consist 
chiefly  of  the  dung,  dead  leaves,  and  other  extraneous  matter  deposited  upon  it, 
which  is  in  much  greater  quantity  than  would  generally  be  supposed.  This  may  be 
illustrated  by  the  dirt  that  is  collected,  where  there  is  much  traffic,  even  on  the  best 
pavements,  the  wear  of  which  is  in  this  respect  as  nothing. 

It  IB  well  known  that  the  more  clean  and  free  from  dirt  the  broken  stone  laid  on 


3GG  iiOADS. 

roadd  is,  the  better  :  by  laying  it  down  in  repairs  on  a  dirty  road,  you  are  manifestly 
infringing  this  rule,  and  mixing  up  with  it  a  quantity  of  matter  that  is  thus  acknow- 
ledged to  be  prejudicial. 

The  employment  of  the  toughest  and  best  material  for  the  broken  stone  ia  of  far 
more  importance  on  this  than  on  any  other  system ;  the  reduction  in  the  qnantitj 
consumed  will,  under  most  circumstances,  make  up  for  the  excess  in  its  piioe ;  and 
that  reduction  essentially  lessens  the  amount  of  every  species  of  the  work. 

One  great  advantage  of  a  hard  eren  crust  at  all  times  is,  that  it  will  bear  fiir 
greater  weights  with  equal  thicknesses.  An  instance  is  mentioned,  in  one  of  the 
French  works,  of  a  load  of  nearly  fifteen  tons  being  drawn  by  thirty-three  horses  on  a 
carriage  having  wheels  of  Gj-inch  tires,  over  three  quarters  of  a  mile  of  a  good 
macadamized  road  of  only  four  inches  thickness  of  metal,  without  leaving  any  per- 
ceptil)le  trace  ;  therefore,  a  perfect  road,  kept  to  an  habitual  thickness  of  eight 
or  nine  inches,  will  not  only  be  sure  to  be  perfectly  substantial,  but  will  in  times  of 
need  bear  a  considerable  period  of  wear  and  tear  without  fresh  supplies  of  material ; 
and  the  reduction  being  very  gradual,  there  will  be  a  power  of  materially  regulating 
the  labour  connected  with  that  supply  by  the  demand  for  it.  Thus  at  present^  the 
given  quantities  of  stone  must  be  provided  throughout  every  year  and  at  precise 
periods,  whereas  by  the  proposed  modie,  the  supply  may  be  reduced  in  seasons,  or  for 
a  whole  year,  when  labour  is  plentiful,  and  increased  when  there  happens  to  be  distress 
for  want  of  work. 

Where  roads  are  to  be  kept  in  such  perfect  condition  by  minute  attention  orer 
every  'part  of  the  surface,  it  becomes  of  much  more  importance  that  they  should  not 
be  wider  between  the  water-tables  than  may  afford  ample  space  for  the  traffic ;  and 
not  widening  out  irregularly,  and  without  any  necessity,  as  may  sometimes  be 
witnessed. 

It  must  not  be  assumed,  in  cases  where  a  road  is  greatly  improved,  and  the  outlay 
on  it  may  remain  the  same,  that  no  saving  is  effected ;  because  a  necessary  consequence 
of  an  improved  road  will  be  increased  traffic,  and  therefore  the  expenditure  will  be 
less  as  compared  with  the  service  it  renders. 

The  cost,  however,  of  maintenance  of  roads,  as  compared  one  with  another,  will  by 
no  means  be  always  in  proportion  to  tlie  amount  of  traffic ;  among  other  matters 
that  will  iufiueuce  it  may  be — nature  of  soil,  hills,  relative  level  of  road  with  the 
contiguous  land,  greater  or  less  exposure  to  the  sun  and  wind,  quality  and  price 
of  broken  stone,  &c. 

With  reference  to  the  regular  roadmen,  as  proposed,  some  remarks  occur. 

They  may  be  selected  from  the  most  diligent,  trustworthy,  and  intelligent 
labourers;  and  as  they  should  be  retained  as  a  constant  establishment,  and  on 
somewhat  superior  allowances  to  the  ordinary  labourer,  the  employment  will  create  a 
source  of  encouragement  for  that  class. 

The  work,  though  constant,  will  be  of  a  lighter,  more  cleanly,  and  healthy 
character  than  that  of  the  ordinary  day-labourer  on  the  roads  at  present,  who 
is  frequently  day  after  day  wading  in  deep  mud.  In  France  they  describe  having 
some  of  these  constant  men  (cantonniers)  at  eighty  years  of  age,  in  employment  on 
reduced  districts ;  indeed,  much  of  the  work  is  so  light  that  even  women  or  children 
may  assist  at  it. 

The  length  of  road  under  charge  of  one  man  may  vary  under  ordinary  circum- 
stances from  one  to  three  miles  ;  in  narrow  roads  of  very  small  traffic,  this  length 
may  1)C  increased,  and  on  great  outlets  to  populous  places,  no  one  man  could  probably 
undertake  anything  like  one  mile. 

Experience  in  France  seems  to  show  that  one  man  can  sweep  in  dry  weather  between 
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260  And  270  yards  of  road  of  from  15  to  18  feet  wide  in  a  middling  state,  and  double 
the  distance  if  in  a  perfect  state  :  suppose  his  charge  to  be  one  mile  and  a  half^  he 
could  therefore  sweep  it  all  oyer  three  or  six  times  per  month,  if  the  weather  was 
dry,  and  he  had  nothing  else  to  do ;  in  general,  howeyer,  one  or  two  complete  sweep- 
ings per  month  was  found  to  be  adequate. 

Something  may  be  said  on  the  manner  of  operating  on  the  system  here  recom- 
mended, and  on  some  of  the  tools  that  have  been  found  useful  in  this  mode  of 
maintenance. 

Every  little  inequality  or  hollow  in  the  road  is  to  be  repaired  very  early,  and  while 
it  is  small.  It  may  be  observed  that  these  are  always  of  a  round  or  oval  form,  and 
therefore  the  square  or  rectangular  patches  which  the  workmen  are  usually  inclined  to 
make  of  them  are  wrong,  and  a  waste  of  material. 

Picking  up  the  surface  before  the  patching  with  new  material  is  only  done  to  a 
depth  of  about  half  an  inch,  rather  more  at  the  edges  than  in  the  middle,  and  if  some 
of  the  finer  particles  can  be  raised  and  laid  over  the  broken  stone  as  blinding,  the 
effect  will  be  improyed . 

The  stone  for  patching  should  be  broken  fine  (say  to  1|,  or  at  most  l^-inch  ring) ; 
of  those  broken  to  dimensions  not  exceeding  2  inches,  one  half  or  more  will  bo 
sufficiently  small,  and  the  rest  can  be  reduced. 

The  use  of  a  rammer  and  mallet  is  of  great  service  on  new-laid  patches  of  broken 
stone.  A  rammer  weighs  from  11  to  22  lbs.,  with  a  surface  of  about  6  inches  in 
diameter.  This  is  applied  to  the  new-laid  material,  and  gives  it  a  certain  degree  of 
consistence;  the  impressions  made  by  the  horses'  feet  or  by  wheels  are  rammed 
to  an  even  surface  again,  which  is  far  better  than  raking  over  the  inequalities  ;  if  the 
&11  of  the  rammer  ia  not  sufficient,  a  mallet  of  similar  weight  and  surface  enables  a 
greater  force  to  be  applied.  Whether  rammed  or  not,  another  description  of  mallet  or 
ilattener  is  yery  useful;  it  is  of  from  18  to  22  tbs.  in  weight,  with  a  surface  of  12 
or  13  inches  diameter. 

These  tools,  though  inferior  to  the  roller,  have  been  employed  very  successfully  in 
the  consolidation  even  of  new  roads,  thus :  after  the  broken  stone  has  been  laid  in 
proper  shape,  a  very  slight  sprinkling  of  gravel,  or  other  fine  clean  small  stuff, 
is  spread  over  it ;  as  the  carriages  pass,  the  rammers  are  used  to  level  the  ruts  and 
traces  of  horses'  feet,  &c.,  instead  of  raking.  In  this  manner  roads  have  been 
brought  into  a  firm,  smooth  state  in  two  months,  when  six  were  consumed  to  produce 
the  same  effect  where  not  rammed. 

Whenever  loose  stone  is  to  be  consolidated,  it  is  absolutely  necessary  that  it 
should  be  wet ;  if  the  weather  is  dry,  there  should  be  artificial  watering.  Even  in 
patching  the  road,  the  same  should  be  attended  to,  if  possible  ;  at  least,  the  con- 
solidation will  never  take  place  until  there  is  wet. 

After  a  long  period  of  dry  weather,  even  good  roads  will  begin  to  loosen  ;  watering 
and  the  rammer  or  flattener  will  quickly  put  them  to  rights. 

The  dirt  of  a  road  is  removed  with  most  facility  as  dust ;  the  next  most  favourable 
state  is  as  very  liquid  mud,  because,  in  either  case,  a  broom  is  sufficient  for 
collecting  it. 

The  best  qualities  of  brooms  for  different  circumstances  will  be  readily  ascertained 
by  experience,  and,  no  doubt,  means  will  be  readily  found  to  make  brooms  of  con- 
siderable width,  say  two  or  three  feet,  either  to  be  worked  by  hand  in  the  usual  way, 
or  on  wheels  in  order  to  facilitate  the  operation. 

The  collection  of  dirt  swept  up  must  be  very  carefully  packed  on  the  sids  of  the 
road,  in  a  manner  to  form  no  impediment  to  the  water  draining  off  from  the  surface, 
and  should  be  carried  away  altogether  very  socn. 
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ON   WATERING   B01D3. 

The  laying  of  dust  by  'wateriDg,  as  is  the  xuraal  practice,  instead  of  removiog  it, 
is  a  pemlcioas  and  expensive  system. 

In  the  first  place,  it  requires  tbe  frequent  application  of  large  quantities  of  water, 
and  forms  at  once  a  mass  of  mud,  as  may  be  frequently  witnessed  :  this  mud  tends 
to  a  more  rapid  grinding  and  wear  of  tbe  surface  wbilc  it  lasts ;  but  during  rery  dzy 
weather  it  soon  dries  up,  and  requires  the  operation  to  be  again  repeated.  It  is,  in 
fact,  instead  of  removing  the  evil,  substituting  another  for  it,  and  one  which  requires 
to  be  constantly  renewed. 

If  the  surface  were  hard,  and  the  dust  carefully  removed,  a  very  light  sprinkling  of 
water  might  be  applied  to  much-frequented  roads  in  dry  weather,  as  a  luxury. 

It  will  be  said,  perhaps,  and  may  be  acknowledged,  that  sweeping  up  great  quan- 
tities of  dust  would,  in  itself,  be  an  intolerable  nuisance,  but  tbe  object  is  to  prevent 
any  great  accumulation,  by  commencing  as  soon  as  it  begins  to  form  ;  and  the  sweep- 
ing may  be  done  cither  in  conjunction  with  a  slight  watering,  or  very  early  in  the 
morning,  when  there  is  little  traffic,  and  little  to  be  disturbed  by  it,  and  when  tbe 
dew  of  the  night  will  tend  to  prevent  its  rising  so  much. 

Where  watering  is  practised,  there  are  few  cases  where  a  very  great  saving  in  that 
costly  operation  might  not  thus  be  effected,  and  applied  to  tbe  removal  of  the  dost  or 
mud. 

ON  MACADAKIZSD  ROADWATS  IN  LARGE  POPULOUS  TOWNS. 

There  may  be  doubts  as  to  the  policy  of  macadamizing  streets  of  cities  and  popn- 
lous  towns,  on  account  of  difficulty  of  perfect  drainage  ;  frequent  wants  of  tbe  fall, 
free  effect  of  sun  and  wind  ;  and  impediment,  by  reason  of  the  constant  great  traffic, 
in  the  way  of  the  necessary  perpetual  attention  to  the  removal  of  waste  matter  and 
application  of  material. 

It  is  apprehended  that  a  perfect  pavement  is  eventually  cheaper,  and  altogether 
preferable,  excepting  in  one  particular,  namely,  the  noise;  the  wood  pavement  is 
subject  to  inconveniences  that  have  hitherto  been  insurmountable. 

Dablin  may  be  given  as  an  instance  of  the  effect  of  macadamixation  in  jnuch- 
frequented  streets.* 

The  superintending  engineers  there  appear  to  pay  every  proper  degree  of  attention 
to  their  duty  ;  the  ordinary  proceedings  are  practised,  and  yet  it  must  be  confessed 
(1843)  that  the  roadways  are  in  a  most  unsatisfactory  condition,  and  anything  but 
fulfilling  the  requisites  of  good  roads,  namely,  being  clean,  hard,  and  eim,  at  all 
seasons.  On  the  contrary,  they  are  in  winter,  or  wet  weather,  habitually  covered 
with  mud,  and  in  summer  they  would  be  as  deeply  overwhelmed  with  dust,  but  for 
profuse  watering  ;  they  have,  in  fact,  at  all  times,  a  thick  coating  of  dirt  on  them, 
mixed  up  with  the  broken  stone  of  their  substance,  to  the  very  foundation. 

In  winter,  a  large  expense  is  incurred  in  scraping  and  removing  mud  ;  but  it  is  not 
sufficient  to  keep  it  under  in  any  essential  degree.  The  nature  of  the  work  may  be 
judged  of  by  the  very  name  which  is  given  to  it,  *  Scavcngering,'*  In  fact,  tbe  men 
are  nearly  ankle-deep  in  mud,  as  they  move  to  and  from  the  line  of  stuff  they  are 
scraping  up. 

A  small  portion  of  the  scrapings  is  sold  as  manure,  at  6(/.  and  li,  per  ton ;  it 
is  that  chiefly  which  is  taken  from  the  few  paved  streets ;  the  remainder  (from  the 


•  Frequent  allusiun.s  arc  maile  to  [ruland,  bocauao  this  article  was  oii^rin^dly  drawn  up 
during  a  service  in  that  country. 
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macadAmized  streeta)  is  carried  away  and  deposited  as  spoil  at  the  expense  of  the 
Paving  Board. 

The  watering,  ihongh  not  universal,  is  applied  to  almost  all  bnt  small  streets.  It 
is  paid  for  in  a  separate  rate  by  the  inhabitants  of  the  streets  who  apply  for  it. 

In  summer,  the  roadway,  excepting  by  being  watered,  is  left  very  much  to  itself, 
the  only  other  operation  being  to  lay  down  occasionally  patches  of  broken  stone 
where  the  surface  gets  so  bad  that  it  cannot  be  delayed. 

The  result  of  the  laying  down  the  stone  at  that  season  (and  sometimes  necessarily 
in  very  dry  weather)  occasions  great  inconvenience  and  waste.  The  horses  and 
carriages,  when  forced  upon  it,  suffer  in  consequence.  The  material  will  not,  in  spite 
of  the  watering  given  to  it,  consolidate  for  very  long,  but  some  is  cast  about  loose, 
and  much  is  crushed ;  in  fact,  unless  it  crosses  the  whole  way,  it  acts  chiefly  as  a 
beacon  to  warn  carriages,  as  long  as  possible,  from  those  parts. 

The  material  is,  however,  chiefly  laid  down  in  winter,  and  is  gradually  consolidated 
by  the  traffic,  commencing  in  the  ordinary  manner  along  the  edges  ;  but  by  such 
means,  and  surrounded  by  mud,  there  is  a  very  great  loss  before  the  portion  that 
ultimately  remains  becomes  fixed. 

It  can  hardly  be  doubted  but  that  means  might  be  devised  for  greatly  improving  on 
this  system,  and  obtaining  better  roadways,  even  at  the  same  expense. 

It  would  not  be  easy  to  define  at  once,  in  every  particular,  exactly  how  it  is  to  be 
done  ;  but  it  might  be  worthy  of  experiment. 

The  two  principal  measures  to  be  adopted  or  ameliorated  are — 

Ist,  To  keep  the  roadways  always  clear  of  any  collection  of  dirt  upon  them. 

2ndly,  To  fix  on  the  means  for  laying  down,  in  the  most  advantageous  manner, 
the  broken  stone  that  will  be  necessary  to  maintain  adequate  thickness  for  bearing 
the  traffic. 

First,  With  regard  to  the  cleaning,  it  will  be  done  chiefly  (it  may  be  hoped 
entirely)  with  the  broom.*  It  will  perhaps  be  difficult  to  be  executed  amidst  all  the 
traffic,  but  not  so  much  so  as  would  appear,  judging  from  the  present  state  of  the 
roads ;  because  it  is  contemplated  that  at  no  time  will  there  be  more  than  a  very 
slight  quantity  of  dirt  to  remove,  and  that  chiefly  of  the  matter  dropped  upon  the 
surfiice. 

It  is  impossible  exactly  to  foresee  how  often  each  part  will  reqnire  to  be  swept 
over  ;  the  most  frequented  thoroughfares  perhaps  daily,  others  from  that  to  once 
a  week,  or  even  ten  days,  the  least  being  on  those  that  are  paved  and  least  traversed. 

It  is  to  be  understood  that  this  operation  will  take  place  in  summer  as  well  as 
winter,  in  the  driest  as  well  as  in  the  wettest  weather,  though  perhaps  not  so  often. 

How  the  sweepings  are  to  be  put  together  and  carried  o£f  will  be  another  arrange- 
ment for  experiment ;  the  point  will  be  not  to  waste  horse-hire  by  keeping  the  carts 
lingering  all  day  over  perhaps  two  or  three  miles,  yet  at  the  same  time  so  to  dispose 
of  the  mass  collected  in  the  street  as  not  to  be  in  the  way  of  the  traffic  or  scattered 
about  until  the  cart  shall  come  round  for  it. 

It  is  suggested  that  any  medium  course  of  partial  clearance — that  is,  making  the 
streets  somewhat  more  clean  than  at  present,  would  certainly  lead  to  failure ;  it 
would  cause  an  increase  of  expense  in  one  item,  without  a  compensating  reduction  in 
others  :  it  must  be  the  endeavour  to  keep  perfectly  cleatif  and  free  at  all  times  from 
mud  or  dust,  whatever  parts  may  be  submitted  to  the  operation,  so  that  every  wheel 
may  roll  over  the  hard  compact  surface  of  stone  alone. 

This  can  only  be  partially  efiected  on  the  present  road  surface,  the  whole  mass  ia 


*  Thia  ia  dono  now  in  many  parts  of  London.— En. 
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80  deeply  mixed  up  vith  dirt,  bat  may  be  done  perfectly  after  ereiT  tnoeeBaTe  general 
spreading  of  broken  stone  hereafter. 

If  these  streets  were  oonstantly  kept  perfectly  clean,  hard,  and  eren,  and  the 
material  was  of  a  tough  good  quality,  the  actual  wear  of  the  tiiHaoe  wonld  be 
extremely  small,  less,  oo  doubt,  than  an  inch  in  the  year,  even  in  thoae  most 
frequented  ;  the  wheels,  in  £ict,  would  be  running  over  a  smooth  parement  made  of 
sinall  materials.  * 

Still,  CTen  at  that  rate,  it  would  be  more  convenient^  where  the  interoourse  is 
nearly  incessant,  to  have  the  sujiplies  laid  down  occasionally  in  general  masses,  in 
preference  to  the  course  recommended  for  roads  under  other  cinnunatanoes^  by 
minute  repairs  cxclminhj  ;  because  in  this  case  the  small  additions  would  be  too 
frequent  and  general,  and  more  especially  because  in  towns  the  more  extensire 
spreading  of  broken  stone  can  without  difficulty  be  greatly  consolidated  at  onoe  by 
rr>ning. 

It  is  suggested  that  tlie  thickness  of  consolidated  metalling  need  never  exceed 
about  nine  inches,  nor  ever  be  less  than  four  or  fire  ;  when  reduced  to  that  minimum 
tlio  surface  should  be  loosely  picked,  and  about  four  or  five  inches  of  broken  stone 
laid  along  the  street,  and  most  completely  rolled,  with  the  necessary  blinding  on  the 
most  approved  system. 

It  is  indispensable  that  it  should  be  made  thoroughly  firm  ;  it  wonld  then  bring 
the  outer  cruht  from  four  or  five  inches  to  eight  or  nine,  according  to  the  importance 
of  the  street. 

The  new-laid  material  must  be  well  attended  to,  and  rolled  until  it  is  perceived  that 
it  is  perfect  in  form,  and  so  solid  that  neither  wheels  nor  horses*  feet  make  injurious 
impression  on  it. 

This  will  be  the  substance  for  regular  wear,  and  it  is  calculated  will  last  two,  three, 
or  more  years ;  small  depressions,  inequalities,  or  want  of  form,  as  soon  as  they  can 
be  perceived,  being  minutely  corrected  from  time  to  time,  by  picking  the  surface,  and 
then  patching  with  small  quantities  of  stone,  broken  fine. 

There  aro  7G  statute  miles  of  streets  under  the  Dublin  Paving  Board,  of  which  52 
of  the  mr^t  important  are  macadamized,  and  24,  chiefly  inferior  thoroughfares,  paved. 

The  expense  of  their  maintenance  in  the  year  1842,  exclusive  of  sewers  and  foot- 
way, flagging,  &c.,  was — 

£ 
For  Macadamization  and  paving     ....     11,036 

„    Scavengering     • 7,394 

„   Watering 1,842 


20,272 


From  the  first  item  about  £4450  may  be  deducted  as  the  expenses  of  the  paved 
streets,  of  crossings,  gravel,  &c,  leaving  £6586  for  the  macadamixation. 

Thus  we  have  £15,822  for  the  cost  of  maintenance  of  the  streets,  excluuve  of 
paving,  crossings,  &c.,  which  may  be  supposed  to  remain  as  at  present. 

With  regard  to  the  relative  expense  of  the  system  now  proposed,  as  compared  with 
the  above,  we  shall  have  the  following  items  of  increase  : — 

1.  The  street  labour,  in  sweeping,  keeping  them  clear  of  loose  stones,  and  of  all 
deposit  or  extraneous  matter,  patching  the  little  inequalities  that  may  occur,  and 
general  attention. 

*  Tlio  wear  yf  Rurftuio  on  a  road  of  great  tmffic,  kept  very  firm,  even,  and  clean,  In  France, 
w;V)  foiiu'l  to  bo  loss  tbon  haXi  an  inch  iu  tho  year. 
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2.  Boiling  thoroughly  at  the  times  of  the  general  laying  down  of  material. 

(1.)  The  first  will  require  a  very  large  ezpenditore  to  give  it  full  effect. 

The  great  leading  streets  may  require  an  average  of  one  man  for  every  200  yards, 
— less  in  summer  and  more  in  winter ;  others  will  not  require  so  many,  gradually 
redacing  down  to  the  smaller  paved  streets,  for  which  one  man  per  half-mile,  or, 
perhaps,  even  per  mile,  may  be  ample. 

Suppose,  then,  an  average  throughout  the  year  of  about  four  per  mile ;  300  men 
daily  would  be  employed  in  this  service,  which,  at  If.  id,  each,  would  amount  to 
£6260  per  annum. 

Then,  suppose  20  one-horse  carts  daily,  for  the  removal  of  the  sweepings,  at  is.  6d, 
the  cart,  would  amount  to  £1048  10<.,  making  £7668  lOf.  for  this  most  material 
item. 

(2.)  For  the  rolling,  estimating  the  general  laying  down  of  broken  stone  over  every 
part  of  the  macadamized  ways  to  take  place  once  in  two  or  three  years,  we  will 
allow  20  miles  to  be  rolled  per  annum  :  the  average  width  of  the  streets  is  32  feet, 
and  the  cost  consequently  may  be  £38  per  mile,  or  £760  for  the  20  miles. 

£      f.    d. 
Add  this 760     0    0 

To  the  above  estimate 7,668  10    0 


The  amount  will  be 8,428  10    0 

Which  deducted  from 15,822    0    0 


Leaves  for  broken  stone  and  watering  .         .       7,393  10    0 

The  latter  will  be  greatly  reduced ;  but  leaving  it  as  before,  as  an  extraneous 
charge,  namely,  £1842,  there  will  remain  £5551  10s.  for  broken  stone. 

The  cost  for  this  item  is  now  about  £5700,  but  it  is  one  in  which  there  must  bo  a 
very  considerable  reduction,  at  least  equal  to  one-half,  when  the  system  is  thoroughly 
acted  upon ;  say  that  the  cost  should  then  amount  to  £3000,  there  will  remain 
£2500  for  contingencies,  or  to  make  good  any  deficiencies  in  the  above  calculations, 
which,  however,  it  is  believed  are  by  no  means  forced. 

There  will  be  an  item  of  increase  in  the  available  funds,  though  not  large,  in 
the  sale  of  the  street  sweepings,  which  will  be  all  valuable  manure,  and  a  saving 
in  the  necessity  for  carrying  any  to  spoil. 

Where  road-work  is  to  be  done  as  proposed,  chiefly  by  daily  labourers,  it  is  a 
matter  of  consequenco  so  to  adjust  the  work  as  to  require  a  constant  and  uniform 
supply :  this  is  done  now  in  Dublin  very  much  by  working  at  the  paved  streets, 
when  less  is  required  on  those  that  are  macadamized,  and  such  arrangement  may  be 
continued. 

ON   BOLLINa  NEW-MADE  BO  ADS. 

The  importance  of  rolling  roads,  either  newly  constructed,  or  when  subjected  to 
extensive  repairs,  seems  never  to  have  been  duly  appreciated. 

Lines  of  any  length  of  new-laid  broken  stone  may  be  deemed  nearly  impracticable 
to  ordinary  traffic ;  the  worst  and  most  hilly  old  roads  are  always  taken  in  preference 
to  the  new  roads  while  in  that  state,  although  the  latter  may  be  much  shorter,  and 
with  very  improved  levels. 

At  length  the  old  road  is  shut  up,  carriages  are  forced  to  take  the  new,  occasioning 
the  greatest  inconvenience  and  drawback  to  the  intercourse  for  perhaps  a  year  or 
more^  a  great  wear  and  waste  of  the  material,  and  a  considerable  expenditure  in 
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watching  and  maintenance,  nntil  the  material,  or  what  remains  of  it,  shall  be  fin&U  j 
consolidated,  and  even  then  in  a  very  imperfect  form,  nnleas  great  pains  are  taken 
with  it. 

The  rolling  is,  in  fact,  effected,  bnt  in  the  most  distressing  and  czpensiTe  manner, 
and  by  carriages  and  horses  yery  ill  adapted  to  it. 

These  evils  may  be  entirely  prevented,  the  road  pnt  at  once  into  good  working 
condition,  and,  certainly,  a  considerable  expense  eventually  saved,  by  thorongh 
systematic  rolling  ;  nor  ought  any  road  to  be  considered  as  made  nntil  that  operation 
shall  be  completely  effected. 

Three  reasons  have  probably  operated  to  prevent  this  principle  having  been  acknow- 
ledged and  acted  upon. 

1.  Because  the  traffic  on  the  road  will,  sooner  or  later,  do  the  work,  thereby 
apparently  reducing,  in  a  small  degree,  the  cost  of  the  original  construction  or  repair. 

2.  Because  a  roller  is  not  usually  at  hand,  and  from  its  weight  and  unmanageable 
character,  it  is  most  inconvenient  and  expensive  to  be  removed  from  one  place  to 
another,  so  that  in  most  cases  one  would  have  to  bo  constructed  for  the  purpose,  and 
subsequently  be  useletis. 

8.  Much  uncertainty,  as  yet,  as  to  the  best  manner  of  operating,  its  efficacy,  and 
expense. 

The  first  reason  is  founded  completely  on  error ;  it  is  manifest  that  this  manner 
of  completing  the  road  by  the  traffic  is  most  inconvenient,  and  occasions  enormous 
sacrifices  by  the  parties  using  the  road,  and  consequently  a  great  loss  to  the  public  in 
general ;  nor  can  there  be  a  doubt  that  the  actual  expenditure  on  the  subsequent 
early  maintenance  of  the  road  itself  is  greater  tJian  would  he  incurred  by  <U  once 
operating  thoroughly  with  Uie  roller. 

With  regard  to  the  second  reason,  there  are  many  ways  in  which  the  objection  can 
be  greatly  alleviated. 

Although  there  is  some  justice  in  the  third,  and  that  the  most  perfect  mode  of 
proceeding  is  not  yet  perhaps  understood,  there  is  so  much  useful  effect  to  be 
produced  by  any,  that  it  is  surprising  that  it  has  not  been  reduced  to  just  principles 
by  experiment,  and  generally  adopted. 

The  practice  of  rolling  has  been  rare,  and  almost  entirely  confined  to  gentlemen's 
demesnes,  and  occasionally  to  the  macadamized  roadways  in  some  cities ;  but  in  the 
latter,  it  is  believed,  without  the  application  of  sufficient  means  for  the  purpose. 

There  are  certain  considerations  which  may  serve  as  guides  to  arrive  at  just 
conclusions  with  regard  to  this  proceeding. 

1.  A  roller  should  not  be  too  heavy  in  proportion  to  its  bearing  surface,  or,  instead 
of  binding  the  material  in  the  position  and  form  laid  down  and  desired,  it  will  press 
it  more  or  less  into  the  substratum  ;  much  of  the  material  will  thus  become  useless, 
and  it  will  be  very  troublesome  to  obtain  the  necessary  resistance  for  the  con- 
solidation. 

2.  It  must  not  be  too  light,  or  the  effect  will  be  too  small  ever  to  gain  the  object 
fully ;  or  at  any  rate,  without  an  extent  of  operation  that  would  be  very  costly 
or  inconvenient. 

It  is  believed  that  the  ordinary  rollers  are  too  light,  which  may  have  thrown  the 
practice  into  disrepute. 

For  the  Dublin  streets  they  have  a  roller  of  two  contiguous  cylinders,  each  of 
4  feet  diameter  and  1  foot  C  inches  in  width,  making  in  all  a  bearing  of  3  feet ;  it 
weighs  2  tons  3  c«rt.  ;  only  two  horses  are  attached  to  it,  but  the  work  is  exceed- 
ingly heavy.  It  is  applied  to  successive  layers  of  material,  in  new  formations,  and 
about  an  inch  of  gravel  is  worked  into  the  upper  layer  or  sorfaoe.     It  is  said  to 
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consolidate  the  roadway  very  effectually,  but  might  probably  be  improyed  by  adding 
to  its  weight.* 

From  other  recorded  trials,  howeyer,  there  is  reason  to  belieye  that  a  road  roller 
should  not  be  lighter  than  28  cwt.  for  every  12  inches  lineal  of  bearing  on  the  road  ; 
that  is,  if  four  feet  wide,  that  it  should  weigh  5  tons  12  cwt.  ;  if  three  feet,  4  tons 
4  cwt.,  &c.  ;  and  that  it  should  only  be  applied  to  the  upper  surface  of  all. 

A  roller  somewhat  heavier  than  28  cwt.  per  foot  would  be  more  cffectiye,  but  it  is 
better  after  that  limit  to  gain  the  object  rather  by  adding  to  the  number  of  times 
passing  over  the  surface  than  incur  the  inconyeniencea  of  the  heavier  machinery. 

This  is  one  very  interesting  point  to  prove,  namely,  the  relative  effects  of  light  and 
heavy  rollers,  taking  into  account  the  number  of  turns  required  by  each. 

3.  For  effect,  the  wider  a  roller  can  be,  the  better,  because  the  operation  will 
be  more  quickly  performed,  and  because,  in  proportion  as  it  is  narrow,  will  there  be 
a  tendency  to  force  the  broken  stone  laterally  from  under  its  action ;  but,  as  the 
weight  must  be  in  proportion  to  its  bearing  surface,  the  width  must  be  limited 
to  a  degree  that  will  prevent  that  weight  being  too  unwieldy  ;  a  very  narrow  roller 
might  also  have  a  tendency  to  overturn.  On  the  other  hand,  one  that  is  very  wide  may 
take  up  too  much  room,  if  the  road  is  open  to  traffic  during  the  time  of  its  use. 

4.  Horses  should  not  be  obliged  to  use  very  great  exertions  in  drawing  a  roller,  or 
the  action  of  their  feet  will  discompose  the  loose  stones  very  inconveniently ;  therefore, 
as  the  draught  is  very  heavy  at  first,  and  never  very  light  up  to  the  last  of  the  opera- 
tion, they  should  not  have  more  than  from  10  to  12  cwt.  each  to  draw  at  first,  nor  so 
much  as  a  ton  each  at  last. 

5.  It  would  be  desirable  not  to  put  more  than  four  horses  to  such  a  machine,  because 
as  the  number  of  horses  is  multiplied,  it  becomes  more  difficult  to  obtain  a  perfectly 
united  effort  from  them  ;  but  on  the  above  data  a  roller  of  4  tons  maximum  weight 
might  be  too  small  for  the  best  service,  and  as  six  horses  may  perhaps  be  applied 
without  much  inconvenience,  it  is  proposed  to  give  that  number  as  a  limit,  and  to 
allow  5  tons  12  cwt.  as  the  maximum  weight  for  the  roller  ;  this,  at  28  cwt.  per  foot 
of  bearing,  would  give  it  a  width  of  4  feet. 

From  the  Continent  we  have  records  of  several  trials  that  have  been  made  of  late 
years  of  the  effect  of  rolling  new-laid  material  on  roads ;  although  there  are  dis- 
crepancies in  some  of  the  particulars,  there  are  many  in  which  all  agree ;  and  in 
all  the  practice  has  been  strongly  reoonmiended. 

The  one  that  seems  to  be  the  most  practical  is  a  roller  described  as  first  used  in  the 
Prussian  provinces  on  the  Khine,  and  from  thence  introduced  with  some  modification 
into  a  neighbouring  district  in  France. 

It  consists  of  a  cylinder  of  cast  iron  of  about  4  feet  34  inches  wide  and  4  feet  34  inches 
diameter,  t  On  the  axle,  by  means  of  iron  stanchions,  is  fixed  a  large  wood  case  of 
6  feet  44  inches  long,  5  feet  84  inches  wide,  and  1  foot  8  inches  high,  open  at  top. 

This  roller  has  a  pole  before  and  behind,  in  order  to  be  able  to  draw  it  in  either 
direction  without  turning  ;  the  hind  pole  is  sometimes  used  to  assist  in  guiding  it. 
It  has  also  a  drag,  by  the  pressure  of  a  board  on  its  face,  in  the  manner  used  for 
French  waggons. 

The  cylinder  and  other  iron-work  weighs  nearly  2  tons  ;  the  case  and  wood-work 
about  19  cwt.,  making  the  whole  2  tons  19  cwt. 


*  A  short  stroot  (HorlKsrt  StroetX  mado  in  1836,  and  then  well  rolled,  h.id  never  roqxiircd 
repair  or  now  material  up  to  the  time  of  writing  these  notes  (1843) ;  it  is  a  good  street,  but 
not  a  groat  thoroughfare. 

t  These  and  other  dimensions  arc  necoflsarily  in  odd  numbers,  owing  to  reducing  them  fh)m 
French  measures  and  weights. 
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Tbc  caso  will  contain  a  weight  of  stone  of  2  tons  19  cwt  wlien  completely  loaded ; 
therefore  the  entire  weight  can  be  brought  up  to  5  tons  18  cwt. 

Six  strong  horses  worked  it  well. 

It  is  passed  oYcr  the  entire  surface  of  the  road  once  or  twice  without  anj  loading, 
and  weighing  consequently  nearly  3  tons,  to  obtain  a  first  settlement  of  the  loose 
mati}rial ;  then  one  or  two  turns  with  about  IJ  ton  loading,  making  4|  tons; 
and  then  the  last  turns,  making  ten  in  all,  with  the  full  loading,  when  it  becomes 
5  tons  18  cwt. 

Traversing  12  miles,  it  will  thus  completely  roll  about  3000  square  yards*  in  one 
day,  or  about  a  quarter  of  a  mile  of  road  of  21  feet  width. 

All  accounts  agree  as  to  the  absolute  necessity  of  applying  some  gravel  or  other 
sharp,  gritty,  very  fine  stuff  on  the  surfiice,  during  the  operation,  without  which  ifc 
will  not  bo  thoroughly  bound. 

The  consolidation  commences  with  the  lower  part,  which  is  the  first  to  get  fixed 
and  arranged  ;  and  when,  after  about  six  turns  over  the  whole,  the  upper  layers  have 
become  tolerably  firm  and  well  bedded,  some  sand,  or  stone-dust,  or,  what  is  best  of 
all,  sharp  gravel,  is  very  lightly  sprinkled  over  it  by  degrees  at  every  successive 
rolling,  solehj  for  the  purpose  offiUing  up  the  interstices  of  the  broken  stone,  and  not 
to  cover  it ;  about  3  cubic  yards  in  the  whole  per  100  square  yards  (equal  to  about 
an  inch  in  thickness  if  spread  over  the  whole  surface)  will  be  required.  Il  is  essential 
that  this  small  stuff  be  not  applied  earlier,  or  it  will  get  to  the  lower  strata,  and  not 
only  be  wasted,  but  prove  injurious.  The  object  is  that  it  should  penetrate  for  two  or 
three  inches  only,  to  help  to  bind  the  surface. 

Provided  the  upper  interstices  aie  filled,  the  less  gravel  used  the  better  ;  therefore 
it  is  applied  by  little  and  little  after  each  of  the  three  or  four  last  sucoesdve  passagea 
of  the  roller,  and  then  only  over  the  places  where  there  are  open  joints. 

After  tho  work,  if  well  done,  is  completed,  it  is  stated  that  such  is  the  efifect  that 
the  upper  crust  may  be  raised  in  cakes  of  six  or  seven  square  feet  at  a  time,  which  it 
could  never  be  without  the  gravel. 

The  effect  may  be  improved  also  by  having  the  upper  inch  or  two  of  stone  finer  than 
the  rest,  say,  to  pass  a  ring  of  1.)  inch  or  1}  inch. 

This  work  should  be  done  in  wet  weather,  or  the  material  will  require  to  be  profusely 
watered  artificially. 

It  will  be  better  that  it  should  not  absolutely  rain,  unless  very  ligKtljff  when^  the 
gravel  is  applied  (although  the  stoning  should  be  wet),  as  it  will  cause  it  to  adhere  to 
the  roller,  and  even  at  times  to  bring  up  the  broken  stone  with  it.  In  frost  it  ia  of  no 
use  attempting  to  roll.  The  state  of  the  material,  as  regards  its  being  wet  or  diy, 
will  have  great  influence  in  the  success  of  the  operation. 

The  form  of  the  road  will  be  best  preserved  by  rolling  from  the  two  sides  towards 

the  middle,  and  not  commencing  along  the  latter. 

The  calculated  expense  of  the  work  in  France  was — 

£    s.    d% 
For  six  horses  and  two  drivers,  per  day      .         .         .         .14    0 

For  six  labourers  attending  on  the  road,  as&isting  at  the 

roller,  levelling  inequalities,  spreading  gravel,  &c.    .     •     0    7    0 


Total  for  3000  square  yards        .         ,     1  11     0 


*  Somo  of  tho  calculations  oro  not  Hrictly  in  accordance  with  tho  data,  bocauac  the  data  tbem- 
Bcl vc«  arc  not  given  in  minute  froctiunul  parts,  and  consequently  tho  reduction  of  the  results  will 
show  a  diflcrcnco ;  but  it  is  very  small,  and  of  no  consequonce  in  a  gonoml  considcnition  of  tho 
matter. 
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being  about  one  penny  for  eight  sqoare  yards,  or  one  penny  per  mnning  yard  of  road, 
twenty-four  feet  wide,  and  amounting  to  about  £7  6s,  per  mile. 
For  Ireland  these  prices  would  hare  to  be  increased,  thus — 

£  f.    d. 

For  six  horses,  with  drivers,  per  day 17    0 

For  six  labourers,  aXls,  id, 0    8    0 


1  15    0 


It  is  considered  that  a  modification  would  be  desirable  in  this  foreign  roller,  by 
making  it  only  four  feet  wide ;  its  weight  might  then  be^  with  its  box  for  the 
additional  loading,  &c.,  about  2^  tons,  which  with  an  extra  loading  of  2  tons  2  cwt. 
would  bring  it  to  the  5  tons  12  cwt.  for  its  extreme  weight,  at  28  cwt.  per  foot. 

Such  a  roller  passing  ten  times  over  every  part,  and  working  twelve  miles  per  day, 
would  require  five  days,  and  the  operation  cost  about  £S  Ids,  per  mile  of  road,  of 
twenty-four  feet  wide  completed. 

The  gravel  ought  to  be  considered  as  material,  but  in  this  case  it  is  an  addition  to 
what  would  otherwise  be  applied  ;  the  cost  therefore  must  be  added. 

Suppose  it  to  amount  to  one  shilling  per  cube  yard,  the  expense,  at  thirty-six 
square  yards  per  cube  yard  of  gravel,  will  be  about  £19  5$.  per  mile  of  road  of 
twenty-four  feet  wide. 

This  would  biing  the  whole  to  an  amount  of  £28  per  mile. 

However  perfect  the  rolling  may  be,  there  will  be  at  the  end  a  slight  elasticity  and 
yielding  of  the  surface,  which  will  only  become  quite  firm  and  hard  after  some  days* 
trafiic,  say  from  six  to  ten  when  tolerably  frequented,  during  which  its  form  and 
smoothness  must  be  carefully  attended  to ;  add,  therefore,  £2  per  mile  for  that  extra 
work,  and  the  cost  will  be  £30  per  mile. 

The  expense  of  the  operation  of  the  roller  (independent  of  the  gravel)  is  so  small, 
that  if  the  weight  is  under-estimated,  so  that  the  width  of  the  roller  should  require 
to  be  reduced  to  three  feet,  thus  adding  one-fourth  to  that  part  of  the  outlay,  or  that 
it  would  require  to  be  passed  a  greater  number  of  times  more  than  calculated,  that 
increase  would  not  be  of  essential  importance  on  the  gross  amount. 

If  artificial  watering  should  be  necessary,  that  expense  also  must  be  added,  but  it 
would  be  small. 

The  subsequent  wear  of  material,  under  proper  care,  vrill  be  most  trifling.  One 
French  Engineer  states,  that  where  the  rolling  in  this  manner  has  been  successfully 
performed,  there  has  never  been  a  necessity  for  applying  above  one  cubic  yard  of 
broken  stone  per  300  square  yards  of  road  in  the  next  year ;  that  in  one  instance  only 
one  cubic  yard  per  1500  square  yards  was  used,  although  on  a  road  subject  to  the 
passage  of  400  horses  in  draught  per  day ;  and  on  another  road  no  fresh  stone  was 
laid  for  three  years. 

To  make  a  more  direct  comparison,  however,  of  expense,  it  may  be  assumed  that  a 
much  greater  diminution  of  thickness  will  take  place  in  the  consolidation  by  the 
trafi^c  than  if  effected  at  once  by  the  rolling,  because  the  narrow  wheels  of  ordinary 
carriages  penetrate  into  the  loose  matter,  and  force  the  lower  part  of  it  partially  into 
the  subsoil.  The  displacement,  and  grinding,  and  crushing  is  also  very  great ; 
whereas,  in  rolling,  the  entire  is  preserved  and  in  its  proper  place  :  it  may  therefore 
not  be  too  much  to  estimate,  that  if  it  require  ten  inches  of  loose  material  to  bind  into 
six  inches  by  the  ordinary  process,  as  it  probably  would,  eight  inches,  well  rolled, 
would  give  the  same ;  if  so,  the  saving  at  once  would  be  very  great :  thus,  suppose 
the  covering  of  one  inch  of  stone  to  cost  as  much  as  two  inches  of  gravel,  that  is,  if 
the  gravel  is  valued  as  above,  at  Is.  per  cubio  yard,  that  the  stone  be  valued  at  2s. ; 
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then  we  have  four  times  the  cost  of  the  gravel,  which  was  itated  to  be  £20  per  mik^ 
or  £80  to  set  against  the  £30,  estimated  expense  of  rolling. 

If  the  rolling  effected  a  saving  of  only  one  inch  of  the  hroken  stone,  still  the  cost 
of  that  one  inch  would  exceed  that  of  the  rolling,  including  the  gravel. 

This  kst  calculation  is  given  only  as  a  proof  of  the  saving,  and  not  as  recommend- 
ing the  reduction  of  the  mass  of  material  laid  down  to  a  minimum  ;  on  the  contrary, 
jm  the  rolling  of  the  surface  is  a  final  measure,  and  requires  no  renewal  until  the  road 
is  worn  to  a  minimum  thickness,  the  most  economical  plan  probably  would  be  to 
apply  a  cousidci-able  degree  of  substance  at  once,  enough  to  last  some  years,  so  as  to 
reduce  the  number  of  periods  when  rolling  would  be  necessary. 

In  some  few  situations  the  very  formation  of  the  road  may  be  made  subservient  to 
its  rolling. 

In  the  construction  of  a  new  road  over  the  Carey  Mountain,  in  the  county  of 
Antrim,  material  for  stoning  the  road  was  quarried  in  several  parts  of  the  mountain 
up  to  its  summit. 

Some  carts  were  made  with  wheels  of  four-inch  tires,  and  the  laying  of  the  broken 
stone  being  commenced  close  to  the  quarry,  the  work  was  carried  on  from  each  quarry 
down  hilly  the  loaded  carts  being  taken  over  the  new-laid  material,  working 
systematically  OTcr  the  entire  width  of  the  road,  and  discharged,  below,  returning  up 
the  hill  light.  By  the  time  the  work  was  completed,  the  road  had  acquired  in  this 
way  a  considerable  degree  of  consolidation  without  extra  labour. 

A  roller  of  the  weight  of  five  or  six  tons  may  be  worked  up  inclines  of  one  in 
twenty  by  increasing  the  number  of  horses,  but  not  steeper  ;  if  at  all  exceeding  one  in 
thirty,  it  would  probably  be  better  to  apply  the  roller  in  its  lightest  state,  and  increase 
the  number  of  passages. 

It  is  very  desirable  to  complete  rapidly  what  is  once  begun,  but  it  is  attended  with 
the  disadvantage  of  taking  up  short  lengths  at  n  time,  which  leads  to  the  occasion  for 
turning  the  roller  very  frequently,  a  manceuvre  that  is  particularly  inconvenient. 

Although  certain  dimensions  and  weights  are  suggested  to  be  likely  to  prove  the 
most  efficient,  any  other  kinds  that  happen  to  be  in  possession  might  be  tried  and 
adapted  to  the  above  principles,  which  will  usually  require  weight  to  be  added  with 
the  successive  rollings  :  this  may  be  done  in  various  ways  according  to  circumstances 
and  situations ;  the  most  simple  will  be  a  large  case  on  the  roller,  for  loading  with  stone. 

In  or  near  towns,  iron  weights  might  be  used  instead  of  stone,  partly  on  or 
susi)ended  to  the  axle,  within  the  cylinder,  or  in  a  case  outside,  which  might  be  then 
much  smaller,  and  the  weight  be  moo  compact  and  more  easily  shifted  ;  or  for  use 
IN  a  town,  when  the  most  efficient  dimensions  and  weights  were  ascertained,  rollers 
might  be  prepared  of  two  or  three  qualities,  that  is,  all  of  the  same  extent  of  bearing, 
but  of  cylinders  of  different  weights,  from  the  lightest  to  the  heaviest,  and  brought  in 
succession  on  to  the  work. 

Note, — This  whole  question  is'pre-emincntly  one  which  requires  the  supervision  of 
government  officers,  both  as  to  the  construction  and  repairs  of  all  roads  in  the  vicinity 
of  large  towns,  as  well  as  all  main  thoroughfares  in  any  positions,  in  order  that  some 
efficient  system  may  be  uniformly  carried  out,  instead  of  so  important  a  public  matter 
being  left  to  the  control  of  local  boards  and  vestries. — Ed. 

ROCKET  ARTILLERY.* — Congreve  rockets  are  now  supplied  to  all  troops  of 
horse  artillery  and  some  field  batteries,  but  great  difference  of  opinion  exists  as  to 

♦  Chiefly  trom  the  'Royal  Artillery  Handbook  for  Field  Service.*    Bee  also  *  Pyrotechny/ 
184. 
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their  Talae  for  warlike  purposes.  They  possess  the  advantage,  howerer,  of  serving 
either  as  shot,  shell,  or  carcase,  and  their  moral  effect,  especially  against  cavalry,  is 
very  great.  Their  portability  is  very  valuable  in  a  hilly  country,  and  they  require 
but  few  men  to  work  them ;  but  their  irregularity  of  flight  is  undoubtedly  a  great 
defect,  much  increased  by  a  side  wind,  to  allow  for  which  a  rocket  roust  be  laid  to 
leeward  of  the  object,  as  the  pressure  will  be  chiefly  exerted  on  the  stick. 

The  motion  of  the  rocket  is  caused  by  the  gas  generated  in  the  interior,  when  the 
rocket  is  flred,  pressing  with  greater  force  on  the  head  than  on  the  base,  in  conse- 
quence  of  a  large  portion  escaping  through  the  holes  or  vents  in  the  latter  ;  the  action 
being  similar  to  the  recoil  of  a  gun  fired  with  powder  alone. 

A  stick  or  long  rod  is  screwed  into  the  centre  hole  in  the  Kase,  in  order  to  counteract 
the  tendency  to  rotation,  and  to  retain  the  rocket  in  its  initial  direction. 

Bockets  are  fired  from  iron  tubes  raised  above  the  ground,  and  mode  capable  of 
elevation.  They  may  also  be  laid  on  the  ground  and  fired  in  volleys,  the  head  being 
slightly  elevated. 

For  field  service,  the  rockets  are  conveyed  in  carriages  consisting  of  body  and  Umber, 
the  cases  and  sticks  being  in  separate  boxes.  On  coming  into  action  the  tubes  are  set 
up  and  properly  directed  and  elevated ;  the  rocket  is  inserted  about  half  way,  and  the 
priming  loosened  ;  it  is  then  pushed  beyond  the  spring-catch  and  gently  drawn  back 
till  stopped  by  the  spring.  The  12 -pounder  shell  rocket  should  not  be  fired  at  less 
than  12^  nor  the  24-pounder  at  less  than  20"*  elevation. 

The  two  brass  scales  formerly  used  for  adjusting  the  boring  bits  have  been  super- 
seded by  a  four-sided  wooden  scale,  having  on  the  successive  sides  the  scales  for  the 
24-pounder,  12-pounder,  6-pounder,  and  8-pounder,  as  shown  in  page  379.  The 
method  of  using  it  may  be  shown  as  follows.  Suppose  it  is  reqnii-ed  to  burst  a 
24-pounder  at  a  range  of  1500  yards,  the  whole  of  the  fuze,  composition,  and  about 
h^lf  of  the  solid  of  the  rocket  must  be  bored  ;  place,  therefore,  the  point  of  the  boring 
bit  against  the  shoulder  a  of  the  scale  marked  24-pounder,  slide  the  edge  of  the 
stopper  to  a  point  half-way  between  b  and  o  and  screw  it  fast,  then  bore  into  the 
rocket  till  the  stopper  meets  the  apex  of  the  shell. 

Table  of  Hamoes  from  an  aveeaqb  Result  of  Rocket  Praoticf,  1852. 


Elevation. 

;   3  Pounder. 

6-Pound  er. 

12-Ponnder. 

24-Pounder. 

YARDS. 

YARDS. 

YAI^DS. 

YARDS.    i 

8^ 

600 

i 

0 

650, 

• 

10 

800 

600 

1 

1 
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900 

760 

1 

12 

1000 

900 

700 

1 

13 
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1000 
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14 

1200 

1100 

1000 

15 

1800 

1200 

1100 

17 

1500 

1400 

1800 

20 

1700 

1700 

1700 

1300 

22 

... 

1800 

t  •  • 

1500 

21 

•  •  • 

1900 

•  ■  • 

1700 

25 

1900 

2000 

2100 

1«00 

27 

• . . 

•  •  • 

•  ■  ■ 

2000 

30 

■  •  • 

2500 

2300 

35 

... 

2800 

37 

... 

2500 

■ 
•  •  • 

3000 

40 

• .  • 

•  •  • 

3200 

3200 

47 

•  •  . 

1 

3400 

vol.  hi. 

C  0 
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When  tlie  wind  is  in  fronts  add  half  a  degree  to  the  above  elevations  ;  when  iu  rear 
deduct  the  same  amount. 

Ranges  at  which  Shell  Rockets  may  db  expected  to  burst. 


3-roumler.    '    C-Pounder,    I  12-Pouador. 


Whole  lenpth  of  fuze 

Fuze  b:»red  out     

Solid  bored  to  within  1*5  inch  of 
top  of  holluw  in  2 4 -pounder, 
anil  1  inch  in  the  uther  natures 


YARDS. 

1800 
750 

400 


YARD9. 
2400 

1000 


450 


yards. 
3100 
ItiOO 


24-Pouuder. 


YAkDS. 
33U0 
2000       I 


Hale's  rocket  has  not  a  stick,  but  the  base,  which  is  in  form  a  frustum  of  a  cone, 

has  a  large  vent  hole  thruugh  the  axis,  and  5  Fniall  holes,  called  **  tangential  holes,'* 

cut  through  its  surface  into  the  rocket  in  an  oblique  direction.     The  object  of  the^yc 

holes  is  to  give  the  rocket,  by  the  escape  of  the  gas  through  them,  a  rotary  motion 

round  the  larger  axis,  causing  it  to  proceed  point  foremost  like  a  rided  projectile  ;  but 

it  is  considered  that  the  rocket  will  soon  lose  this  motion  by  the  consumption  of  the 

composition,  and  Mill  strike  the  object  iu  im  uncurtjiiu  position,  and  withoat  the  is.sue 

of  flame,  which  is  so  important. 

C.  R.  B. 
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SANITARY  PRECAUTIONS.* 

In  a  publication  like  the  present,  it  liM  not  been  considered  necessaiy  to  insert  a 
very  full  and  elaborate  article  on  a  subject  of  so  general  and  extended  a  nature  as  that 
under  consideration  ;  while  on  the  other  hand,  a  work  on  Military  Sciences  would  be 
greatly  wanting  in  completeness,  were  no  notice  taken  of  such  sanitary  questions  as 
concern  the  health  and  well-being  of  the  soldier.  The  writer  of  this  paper  has  there- 
fore confined  himself  to  that  portion  of  the  subject,  and  has  founded  his  remarks 
chiefly  on  the  recommendations  of  the  commissioners  appointed  to  inquire  into  the 
sanitary  condition  of  the  army,  in  1857,  who  numbered  among  themselves,  or  receiTcd 
the  testimony  of,  the  leading  men  of  all  professions  connected  with  the  working  out 
of  this  important  subject. 

On  comparing  the  Tarious  statistical  returns,  the  commissioners  found  that  the 
mortality  among  the  troops,  during  peace,  was  considerably  greater  than  the  average 
among  the  civil  population  at  the  same  ages ;  although  the  soldier  is  a  picked  life, 
both  at  first  entry  and  by  continual  weeding  through  invaliding,  pensioning,  &c., 
while  the  civil  population  is  burdened  with  those  primarily  unhealthy,  and  with  dis- 
charged invalide<l  soldiers,  besides  vagrants  and  all  kinds  of  dregs  of  population  unfit 
for  any  useful  employment. 

The  causes  assigned  for  the  high  rates  of  mortality  in  the  army  are  such  as  of 
themselves  to  be  prejudicial  in  all  states  of  society,  viz.  : — 

1.  Exposure  at  night. 

2.  Intemperance  and  debauchery. 

3.  Want  of  exercise  and  employment. 

4.  Crowding,  bad  ventilation)  and  defective  sewerage,  &c. 

And  the  question,  of  course,  ari£es  whether  these  are  greater  than  in  the  civil 
population. 

1st.  The  night  exposure  is  not  excessive,  nor  at  all  approaching  that  of  the  ]y>lice 
force  ;  but  the  injury  is  probably  much  increased  by  the  guard-rooms  being  generally 
very  warm,  and  the  men  lying  down  in  their  great  coats,  and  then  going  out  in  a 
state  of  profuse  perspiration  to  stay  two  hours  in  the  night  air,  and  returning 
often  with  their  coats  thoroughly  wetted  with  rain  to  again  lie  down  for  a  few  hours. 

2nd.  Intemperance  and  debauchery.  There  does  not  appear  any  reason  to  suppase 
that  the  soldier  is  more  intemperate  than  the  general  class  from  which  he^is  taken, 
nor  are  diseases  of  the  digestive  organs,  which  are  said  to  be  those  usually  resulting 
from  intemperance,  as  prevalent  as  those  of  a  pulmonary  character.  Debauchery 
undoubtedly  is  more  prevalent  where  large  numbers  of  comparatively  young  men  are 
massed  together  in  towns,  as  soldiers  ai*e.  This  leads  to  serious  disease,  greatly  in- 
creased by  the  soldier  concealing  it,  and  it  ultimately  affects  the  constitution,  but  is 
not  by  any  means  sufficient  to  account  for  the  great  mortality. 

Srd.  Want  of  exercise  and  employment.  This  appears  to  be  one  very  prolific  source 
of  disease  in  the  army.  With  the  exception  of  the  small  amount  of  labour  expended 
in  cleaning  his  accoutrements,  the  infantry  soldier's  regular  exercise  is  of  the  most 
monotonous  character,  and  performed  in  constrained  and  uncomfortable  attitudes. 
The  greatly  diminished  rate  of  mortality  in  the  cavalry,  13*6  to  17*9,  may  be  con- 
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Bidered  as  being  mainly  attributable  to  the  greater  amount  and  variety  of  the  trooper*8 
exercise,  partly  on  horseback  and  partly  on  foot ;  while  the  muscular  exertion  required 
in  grooming  his  horse  is  far  greater  than  anything  demanded  of  the  infantry  soldier. 

Colonel  Lindsay,  of  the  Guards,  in  speaking  of  the  soldier's  life,  says  :  ''Peihaps 
no  living  individual  suffers  more  than  he  from  ennui.  He  has  no  employment  save 
his  drill  and  his  duties :  these  are  of  the  most  monotonous  and  uninteresting  descrip- 
tion, so  much  so  that  you  cannot  increase  their  amount  without  wearying  and  dis- 
gusting him.  All  he  has  to  do  is  undeV  restraint ;  he  is  not  like  a  workmg  man  or  au 
artisan ;  a  working  man  digs  and  his  mind  is  his  own,  an  artisan  is  interested  in  the 
work  in  which  ho  is  engaged ;  but  a  soldier  has  to  give  you  all  his  attention,  and  he 
has  nothing  to  show  for  the  work  done.'* 

There  is  probably  nothing  that  so  sustains  a  man  under  labour  of  various  kinds,  as 
the  thought  that  there  will  be  a  certain  portion  of  work  completed;  or,  at  least, 
*'  something  to  show,'*  as  Colonel  Lindsay  says,  for  the  time  expeuded. 

It  would  seem,  then,  that  it  would  be  well  in  every  way  to  encourage  soldiers  to 
practise  athletic  exercises  and  out-door  games  as  much  as  possible.  It  abo  is  a  ques- 
tion worthy  of  great  consideration,  whether  they  might  not  be  largely  employed  in 
connection  with  Government  works  at  a  small  rate  of  working  pay,  and  even  allowed 
to  assist  civilians  when  requisite.  A  large  comfortable  well-lighted  reading-room 
should  also  be  provided,  with  a  number  of  useful,  and  at  the  same  time  entertaining, 
books,  for  the  evening  occupation,  coffee  being  kept  ready  for  those  who  might  re- 
quire it. 

There  still  remained,  however,  the  £fict  that  there  was  throughout  the  army  a  large 
proportion  of  disease  of  the  chest  of  a  chronic  character,  viz  ,  12*5  per  1000  in  the 
Guards,  and  8  *9  in  the  Line,  to  5  '8  in  the  civil  population,  which  cannot  be  attributed 
to  any  of  the  foregoing  causes.  It  is  necessary,  then,  to  examine  whether  the  fourth 
cause  produces  such  an  undue  mortality  in  the  army,  viz. — 

4th.  Crowding,  bad  ventilation,  and  defective  sewerage,  &c. 

Before  considering  the  magnitude  of  this  evil,  it  may  be  well  to  notice  that  the 
native  regiments  in  India  are  the  only  ones  in  which  the  mortality  does  not  exceed 
that  of  the  population  from  which  they  are  drawn  ;  and  the  Sepoys  are  the  only 
soldiers  not  in  barracks,  each  man  receiving  a  small  sum  as  hutting  money,  with 
which  he  buys  a  few  mats  and  erects  a  hut  for  himself,  frequently  sleeping  outside 
even  of  this.  It  may  also  be  noted  that  the  mortality  of  the  army  before  Sebastopol, 
when  hutted  in  1856,  was  very  low.  Daring  twenty-two  weeks,  ending  31at  May, 
1856,  including  deaths  by  violence  and  accident,  the  mortality  of  that  army  was  only 
at  the  rate  per  annum  of  12 '5  per  1000,  against  17*9  in  the  Line,  and  20'4  in  the 
Guards  in  England. 

Of  the  deaths  in  the  Line  57*277  per  cent,  are  caused  by  diseases  of  the  respiratory 
organs,  and  in  the  Guards  67*683  per  cent. 

On  the  question  of  overcrowding,  it  may  be  observed  that  the  minimum  cubic  space 
allowed  by  regulation — 450  feet  per  man — was  far  below  that  which  is  necessary  fur 
health,  and  that,  even  of  this  small  modicum,  there  is,  in  the  older  barracks,  fre- 
qucntly  a  deficiency  practically  of  a  third  and  sometimes  one-half ;  besides  which  the 
beds  are  often  placed  so  close  that  even  the  regulated  space  of  one  foot  between  them 
is  not  adhered  to  ;  and  it  is  clearly  proved  that  the  distance  between  the  beds  is  of 
still  more  consequence  than  the  mere  cubic  space  arising  from  a  lofty  room.  The 
window  ventilation  is  generally  insufficient,  and  the  soldiers  always,  if  possible,  stop 
up  every  ventilator  to  make  the  rooms  warmer.  The  result  is  that — especially  when 
the  barrack-room  is  partly  below  the  ground — the  soldier  sleeps  in  a  foetid  atmo- 
sphere, and  lays  thus  too  often  the  seeds  of  pulmonary  disea.<?e. 
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The  testimony  of  the  non-oomminioned  officers  i«  to  the  eflf«ct  that  the  men  feel 
uncomfortable  in  the  morning,  while  to  themseWee,  going  in  from  the  open  air,  the 
scent  waa  so  intolerable  aa  to  render  it  neoeaeary  to  call  to  the  orderly  to  open  the 
window  at  once.  The  writer  can  apeak  from  experience  to  the  same  effect^  he  haring 
frequently  been  obliged  to  stop  to  have  the  windows  opened  before  be  could  enter  a 
barrack -room  for  the  purpose  of  making  an  inapection. 

The  question  then  ariaea, — what  can  be  done  to  leeaen  this  enormooa  mortality  ? — 
an  evil  productiye  of  great  expenae  to  the  country,  even  apart  from  the  higher  motira 
of  saving  life. 

The  first  cauae  of  diseaae  doea  not  admit  of  any  remedy  beyond  that  of  providing  a 
more  eflfective  kind  of  clothing  for  the  men  on  aentry  during  a  wet  night,  and  making 
it  imperative  on  the  officer  or  non-commiaaioned  officer,  in  charge  of  the  guard, 
to  aee  that  thia  outer  coat  ia  removed  on  returning  to  the  guard-room,  before  lying 
down. 

The  aeoond  cauae  may  be  greatly  leasened  by  providing  efficient  remedies  for  tlie 
third  ;  and  apecially,  by  taking  every  opportunity  of  endeavouring  to  lead  the 
soldier's  mind  to  higher  and  holier  aspirations,  by  presenting  to  him,  in  all  its  fnlnesa, 
the  Gospel  of  the  Grace  of  the  Lord  Jeaua  Christ ;  not  through  compuliOfyhUendMnon 
at  church  or  chapel,  but  by  the  eameat  heartfelt  converae  of  men,  of  whatever  rank, 
who  know  and  can  teatify,  from  their  own  experience,  the  aatiafying  nature  of  the 
love  of  God  implanted  in  the  heart  of  a  pardoned  ainner. 

For  the  third  remedy,  it  has  been  often  auggeated  that  every  sort  of  encouragement 
ahould  be  given  to  the  men,  to  atrengthen  their  powera,  both  bodily  and  mental,  by 
athletic  exereiaea  and  auob  out-door  gamea  as  tend  to  develop  the  muadea  and  produoe 
activity  and  endurance.  It  may  be  looked  upon  aa  a  matter  of  oonaideratbn  whether 
the  men  might  not  be  advantageously  employed  in  Government  works,  and 
especially  on  the  neoesaiiry  repairs  of  barracks,  barrack  fnmltare,  &e.,  at  a  small 
doily  rate  of  pay. 

A  room  for  reading  and  in-door  games  has  also  been  strongly  recommended,  with 
a  refreshment-room  attached  where  the  men  might  be  provided  with  tea,  co£EiM^  and 
tobacco. 

With  reference  to  the  fourth  evil  of  overcrowding,  &o.,  some  of  the  remedies  are 
very  simple,  for  it  is  easy  to  arrange  that  the  rooms  shall  be  inhabited  by  a  less  num- 
ber of  men,  or  in  new  barracks  to  see  that  the  rooms  shall  be  built  for  and  allotted  to 
such  a  number  that  the  cubical  space  for  each  man  may  be  not  less  than  600  feet,  and 
that  the  beds  may  be  placed  at  least  8  feet  apart  from  edge  to  edge,  and  with  not 
less  than  1 0  feet  between  the  ends  of  the  beds  when  turned  down  at  night. 

The  urine  tubs  should  on  no  account  be  used,  but  either  earthenware  utensUa 
substituted,  or  slate  urinals  constructed  outside  the  sleeping-rooma,  with  running 
water  through  them,  as  has  been  done  at  the  Duke  of  Tork*s  school. 

In  all  barracks  where  they  do  not  exist,  ablution-rooms  and  baths,  laundry  and 
drying-rooms  should  be  constructed,  and  provided  with  an  abundant  supply  of  pure 
water.  Also  proper  quarters  for  the  non-commissioned  officers  and  married  soldiers 
should  be  built  in  all  cases. 

All  rooms  for  the  use  of  the  men  should  be  well  warmed  and  lighted,  gas  being 
used  wherever  practicable.  Means  should  be  provided  by  the  erection  of  Grants  or 
any  other  approved  apparatus,  for  enabling  the  men  to  bake,  fry,  &c,  so  sa  to 
ensure  a  variety  in  the  cooking,  and,  if  practicable,  a  variety  in  the  food  itself 
should  be  adopted,  and  a  sufficient  quantity  given  to  supply  the  proper  amount  of 
nutriment,  the  whole  being  provided  by  the  Comml  sariat  to  ensure  good  quality. 
All  o[,eu  pi  ivies  with  oeaapoola  ahould  be  abolished,  aa  injurious  alike  to  health  and 
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decency  ;  and  seated  closets,  wholly  or  partially  closed  and  screened,  should  be  sub- 
stituted, with  either  a  continaous  flow  of  water  or  the  means  of  flushing  the  channel 
several  times  a  day  to  carry  the  soil  into  a  suitable  sewer.  All  sinks  should  be 
double-trapped. 

Where  practicable,  the  barrack-rooms  should  have  windows  on  both  sides  to 
ensure  proper  ventUation,  and  openings  should  be  made  both  near  the  floor  and  close 
under  the  ceiling  for  the  same  purpose.  Where  the  buildings  do  not  admit  of  this,  it 
may  often  be  feasible  to  introduce  a  hollow  girder,  open  at  both  ends  to  the  external 
air,  but  closed  at  the  centre,  at  each  side  of  which,  on  the  underside  of  the  girder, 
openings  may  be  made  to  allow  of  the  ingress  of  the  fresh,  and  egress  of  the  foul  air, 
according  to  the  side  from  which  the  wind  blows.  Any  of  these  openings,  however, 
will  require  gratings  over  them,  or  some  means  adopted  to  prevent  the  soldiers— who, 
like  most  of  their  class,  are  ignorant  of  the  advantages  of  pure  air  and  water — from 
stopping  up  the  aperture. 

In  every  case,  before  new  barracks  are  built,  the  various  procurable  sites  should  be 
carefully  inspected  by  some  one  well  versed  in  sanitary  questions,  who  should  also 
be  consulted  as  to  the  arrangement  of  the  plan. 

In  taking  the  field,  it  would  be  well  that  a  competent  sanitary  officer  should 
always  be  attached  to  the  Quartermaster-Generars  Staff,  who  should  be  especially 
charged  with  the  selection  of  sites  for  encamping,  and  the  arrangements  of  drainage, 
&c.,  and  whose  opinion  the  commanding  officer  should  be  required  to  follow,  or 
assign  a  reason  for  doing  otherwise. 

The  character  of  the  dress,  and  its  suitability  for  the  particular  climate  in  which  tho 
soldier  may  be  employed,  should  be  specially  attended  to,  so  as  to  ensure  freedom  to 
the  limbs,  and  the  absence  of  pressure  on  the  head  and  feet,  with  proper  protection 
from  the  action  of  the  weather. 

HOSPITALS. 

Having  considered  one  point  yery  important  in  connection  with  the  health  and 
mortality  of  the  soldier,  viz.,  that  all  means  should  be  adopted,  as  already 
suggested,  by  improving  the  food,  accommodation,  &c.,  to  prevent  his  becoming  ill, 
it  is  necessary  to  refer  now  to  the  meana  to  be  adopted  to  obviate  an  undue  amount 
of  fatal  result  among  the  cases  admitted  to  hospital. 

The  site  of  a  hospital  should  always  be  dry,  and,  if  possible,  gravelly,  with  ample 
space  around  it,  and  with  easy  communication  between  it  and  the  different  points 
from  which  it  is  to  be  supplied.  It  should  also  be  capable  of  being  easily  drained, 
and  the  most  perfect  kind  of  sewerage  should  be  adopted,  and  kept  aa  much  as 
possible  clear  of  the  building.  Water-closets  should  in  every  case  be  constructed  in 
lieu  of  privies,  and,  with  the  urinals,  sinks,  &c.,  cut  off  from  the  hospital  by  a  well 
ventilated  lobby. 

The  minimum  space  allotted  to  each  bed  should  be  1200  feet  at  home,  and  1500 
in  tropical  climates,  with  a  minimum  distance  of  4  feet  between  the  sides,  and  12  feet 
between  the  ends  of  the  bedsteads. 

An  ample  supply  of  natural  light  and  yentilation  should  be  secured  by  making  the 
building  in  separate  pavilions  with  windows  on  opposite  sides,  and  sufficient  provision 
for  warming  and  lighting,  aoconling  to  the  season  and  weather,  should  be  made  on  the 
requisition  of  the  medical  officer,  without  further  authority. 

It  is  important  that  the  walls  and  ceilings  be  made  of  some  non -porous  material, 
such  as  Dutch  tiles,  Parian  cement,  &c.,  instead  of  brick  and  plaster,  which  absorb  at 
one  time  and  give  out  at  another  the  noxious  gases  formed  in  the  room,  and  are  not 
capable  of  being  washed.     The  staircases  and  landings  should  be  of  stoue. 
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Lavatorie:*,  batbs,  aud  lauudries,  with  all  tbe  best  arraogementfl,  sbould  be  con- 
Btructcd  in  connection  with  tbe  e8tabU8bment>  and  ranges  erected  in  the  kltchcnB 
to  admit  of  roasting  and  stewing  as  well  as  boiling,  for  raricty. 

In  the  field,  hospital  marquees  should  accompany  each  diyision,  and  ahoold  be 
sapplied  with  a  complete  equipment  of  all  the  necessary  stores,  fur  the  conyeyance  of 
which  a  certain  amount  of  horse  and  wheel  transport  should  be  permanently 
provided.  A  regular  arrangement  should  be  made  for  the  home  transport  of  those 
who  seem  equal  to  the  royage  and  are  not  likely  soon  to  recoYcr. 

As  far  as  tbe  army  is  concerned,  many  of  these  recommendations  hare  been  carried 
out  with  marked  benefit,  the  deaths  per  1000  haying  been  reduced  to  the  same 
proportion  as  in  the  ordinary  population  ;  and  the  true  figure  for  picked  liyes  in  a 
&vourable  position,  viz.',  7  per  1000,  eeems,  according  to  Dr.  Farr^s  report  for  1860, 
to  have  been  attained. 


SAP. — The  whole  subject  of  Sapping,  or  making  way  towards  an  enemy  under  coyer 
from  his  fire,  has  assumed  a  perfectly  new  aspect  since  the  introduction  of  the  present 
long  range  and  rifled  arms,  and  is  now  under  inyestigation.  It  appears,  howeyer, 
necessary,  till  some  better  way  is  ascertained  and  fully  adopted,  to  insert  a  description 
of  the  present  mode  of  carrying  on  the  work.  The  saps  are  of  yarious  kinda,  yix., 
Single,  Flying,  and  DoubU. 

Single  Sap. 

This  is  of  two  kinds — ^kneeling  and  standing.  The  kneeling  sap  is  constructed  in 
the  following  manner,  and  requires  the  undermentioned  men  and  materials,  yis. : — 
1  N.  C.  Officer  and  4  Sappers,  4  pickaxes,  4  shoyels,  1  sap  roller,  1  sap  fork  (long- 
handled),  2  ditto  (short-handled),  1  measuring  rod  (6  feet),  2  gauges  (18  inofaes), 
1  ditto  (20  inches),  1  mallet,  a  few  short  pickets,  and  a  supply  of  gabions,  sap  faggots, 
and  6-foot  fuscines. 

The  men  are  numbered  from  1  to  4 — Xos.  1  and  2  working  on  tlieir  knees,  and 
8  and  4  standing. 

No.  1  excayates  a  trench  18  inches  wide  and  deep,  leaying  a  bcrm  18  inches  wide 
between  it  and  the  gabion,  which  he  arranges  with  a  small  sap  fork  in  contact  with 
the  sap  roller  or  mantlet  place<l  at  the  head  of  tbe  sap  for  protection.  At  the  junction 
of  every  pair  of  gabions,  and  of  the  first  gabion  and  sap  roller,  he  places  a  sap  fiiggot 
or  two  sandbags  on  end,  one  aboye  the  other.  He  must  always  work  in  rear  of  a  filled 
gabion,  and  never  place  an  empty  one  till  he  has  loosened  sufficient  earth  to  fill  it, 
which  he  should  do  by  dropping  the  earth  carefully  in,  not  throwing  it  oyer,  occa- 
sionally striking  tbe  side  of  the  gabion  to  slmke  down  the  earth.  After  he  has  filled 
two  gabions,  and  prepared  earth  for  a  third,  and  placed  it  in  position,  he  goes  to  tbe 
rear,  and  replaces  No.  4,  who  becomes  3,  while  3  becomes  2,  and  2  becomes  1. 

No.  2  widens  the  trench  of  No.  1,  20  inches.  lie  helps  No.  1  to  push  forward  the 
sap  roller  when  required  to  place  a  fresh  gabion,  and  crowns  the  gabions  with  fascines. 

No.  3  deepens  the  work  of  No.  2,  18  inches.  He  helps  to  push  forward  the  mantlet, 
if  necessary,  and  assists  No.  2  in  placing  the  fiEuscines. 

No.  4  widens  the  trench  10  inches,  to  the  full  depth  of  3  feet. 

These  three  Nos.  throw  the  earth  just  outside  the  gabions  placed  by  No.  1,  and 
hand  up  to  him,  when  required,  the  gabions,  sand  bags,  or  sap  fiiggots.  Each  sapper 
has  a  length  of  5  feet  to  excayate,  but  is  not  restricted  to  the  width  given,  which  may 
be  increased,  to  occupy  the  time.  The  work  proceeds  at  the  rate  of  10  or  12  feet  per 
hour  in  easy,  and  5  or  G  feet  in  difficult,  soiL  Figs.  1  and  2  are  the  plan  and  section 
of  the  aboYC  sap,  showing  the  tasks  of  the  different  meiL 
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lu  widoubg  the  sap  to  a  regular  trench,  the  Working  party  may  he  toid  off  in  the 
proportion  of  one  man  to  every  two  or  three  gabions  in  the  part  not  occupied  by  the 
sappers. 


Fig.  1. 


k;-^> 
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7%e  Standing  Sap  has  no  banquette,  and  is  6  inches  wider  than  the  common  sap. 
It  is  excavated  by  only  three  men,  who  work  standing,  each  digging  a  trench  18  inches 
wide  and  3  feet  deep,  altogether  making  a  rectangular  section  of  4  foet  6  inches  by 
3  feet.  Its  progi-ess  is  slower  than  that  of  the  other  sap,  being  only  about  8  feet  per 
hour  in  easy,  and  4  feet  in  difficult,  soil. 


Fltikq  Sap. 

This  is  adopted  when  there  is  a  lull  in  the  fire  of  the  besieged.  A  few  men  mn 
out,  each  carrying  two  gabions,  and  place  them  in  continuation  of  the  parapet  already 
formed  by  single  sap.  They  fill  the  gabions  as  rapidly  as  possible,  to  obtain  ooreri 
and  then,  if  the  fire  is  resumed,  move  the  sap  roller  forward  to  the  end  of  the  gabions 
thus  filled,  and  continue  the  single  sap.  A  similar  mode  of  working  has  been  gene- 
rally adopted  in  forming  the  second  parallel  of  an  attack,  when  the  working  party  of 
infantry  is  extended  along  the  proposed  line,  each  man  with  two  gabions,  which  he 
places  in  front  of  him,  and  then  excavates  a  trench  and  fills  the  gabions  as  quickly  as 
possible.  The  trench  dug  by  each  man  is  thus  about  4  feet  long,  5  feet  wide,  and 
3  feet  deep  in  front,  with  a  berm  of  18  inches.  Lodgments  on  the  crest  of  the  glacis, 
and  rifie  screens  for  a  small  detachment,  are  made  in  like  manner  by  a  few  men  run- 
ning out,  placing  their  gabions,  and  obtaining  cover  behind  them  as  speedily  as 
possible. 

Double  Sap. 

This  sap  is  employed  when  it  becomes  necessary  to  advance  straight  on  the  salient 
of  a  work,  or  when  the  trenches  are  exposed  on  both  sides  to  fire,  and  it  is  necessary, 
therefore,  to  have  a  parapet  on  both  sides,  and  to  place  returns  or  traverses  alternately 
right  and  left,  so  as  to  form  screens  and  prevent  the  trench  being  seen  into.  The 
bottom  must  never  be  less  than  10  feet  wide  in  the  clear,  but  otherwise  the  distance  of 
the  trayerses  from  one  another  depends  on  the  command  of  the  work  attacked. 

There  are  three  kinds  of  Double  Sap,  namely,  the  Direct,  Jebb*s,  and  the  Serpentine. 
The  last  mentioned  is  formed  in  short  branches  by  two  squads  of  sappers  working  two 
saps  in  contact,  but  having  their  parapets  oppoeite  ways.  It  is  only  suitable  where 
guns  are  not  required  to  be  brought  up. 

The  Dibiot  Double  Sap  requires  the  following  men,  tools,  and  materials,  viz.  : — 
3  N.  C.  Officers,  9  Sappers,  9  pickaxes,  9  shovels,  3  sap  forks  (long-handled),  6  ditto 
(short-handled),  3  measuring  rods  (4  feet),  1  ditto  (10  feet),  3  mallets  and  a  few  pickets^ 
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wilh  up-TolliirB  enoDgh  to  cover  the  up  head  and  at  least  half  a  gnhioD  ou  each  siilc, 
gabioDi,  sap  faggnta,  or  KtucI  bagii,  nnd  6  feet  raacinea  ui  reqaired. 

EiECUTio!!.  llaTiDg  filed  on  Ibc  spot  for  the  eeotre  of  the  Bap,  a  ;<arly  will  pall 
Joirn  ail  pabioiis  bo  as  to  leave  a  clear  B|>ace  of  12  feet  to  the  right  or  left  of  tbat 
eentre  gahioa  aecording  na  the  lirst  traTerse,  of  vhlcU  it  forms  the  angls,  is  to  be  to  the 
left  or  right  of  the  bap.  The  earth  is  then  cleared  from  this  spaoe  to  tbe  groaDd 
level,  and  throvn  into  the  treccb,  vhenee  it  ia  removed  at  ouce  bj  another  working 
party.  The  aappera  place  live  gabiuna  to  form  the  eud  of  the  Iravene,  and  a  liki: 
nnmber  on  the  opposite  side,  and  the  working  part^  continue  to  clear  away  to  tbc 
level  of  the  bottom  of  trench,  a  berm  of  one  foot  being  left  on  each  aide  next  tlic 
gahiuna,  making  Urst  of  all,  rising  to  the  ground  level,  a  ramp,  np  which  tbice 
S-feet,  or  two  7-feet  sap  rollera  are  pushed,  and  arranged  to  cover  the  worldng  party. 
After  excavating  to  the  foot  of  the  parapet  to  the  full  depth,  three  or  tno  mar«  aap 
rollers  are  pushed  up  nnd  placed  in  line  with  the  others  Juat  outside  the  first  trarerse. 
Koa.  I  and  2  of  the  three  pquad.s  dig  n  treneb,  just  in  front  of  the  tcaTene,  2  feet  wide 
and  3  deep,  from  which  ihej  push  on  their  aap  heads.  Kos,  1  of  the  right  aod  left 
hquada  being  at  the  extremity  of  the  little  trench,  and  No.  1  of  the  centre,  11  fi-ct 
from  the  left  heim.  Nob.  S  will  follow  at  H  feet  ilistnuee,  and  when  they  hare  arriTed  at 
10  feet  from  the  front  of  first  traverse,  llicy  place  7  gnbiona  at  right  angles  to  tba  direc< 
tion  of  the  sap,  and  12  feet  distant  from  the  gabion  of  the  fitat  trararsB.     Th«j  tfavn 


rig.  ■^. 


work  towards  one  another,  tilling  the  gabions,  except  the  two  next  the  parapet.  Nm. 
1  and  2  of  the  right  tqnad  continue  to  nork  forward.  No.  2  left  tben  passes  throngh 
after  Ko.  1,  and  learing  Q  fett  clear,  goes  on  to  widen  No.  I's  work.     Ko.  3  left  then 
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follows,  and  works  to  the  right  to  meet  No.  2  centre  beyond  the  traverse  ;  they  place 
the  7  gabions  forming  the  other  side  of  the  traverse,  and  fill  them,  except  the  two  left 
ones,  as  before. '  r  When  the  passage  is  finished  round  the  traverse,  No.  3  left  blocks 
up  the  opening  and  fills  the  four  gabions  with  earth  from  the  tongue  in  the  centre. 

On  arriving  at  the  end  of  the  second  traverse.  No.  1  centre  works  to  the  left 
obliquely,  so  as  just  to  clear  the  end  of  the  third  traverse ;  remembering,  as  a  check, 
that  when  the  centre  sap  has  advanced  12  feet  towards  the  left,  it  should  be  9  4  feet 
from  the  left  branch.  He  then  saps  straight  on  past  the  end  of  the  traverse,  and 
when  clear,  obliques  to  the  right  to  pass  the  fourth,  and  so  on.  He  lays  the  earth 
alternately  right  and  left,  to  screen  himself  from  stray  shot     (Fig  S.) 

The  third  traverse  is  formed  by  Nos.  2  and  3  right,  assisted  by  No.  2  centre  as 
before,  taking  care  never  to  close  the  opening  till  the  communication  is  established 
round. 

It  is  to  be  considered  a  standing  rule  that  uo  sapper  should  continue  at  work  iu 
rear  when  room  can  be  found  for  him  to  work  at  a  more  advanced  part  of  the  sap. 

CoLONBL  Jebb^s  Double  Sap  is  commenced  differently  from  the  Direct,  the  sup 
rollers  being  passed  over  the  parapet  before  any  earth  is  removed.  To  do  this,  the 
rollers  are  lashed  to  strong  baulks  passing  through  them  all,  and  then  other  baulks 
about  6'  X  5",  are  placed  across  the  trench,  so  as  to  rest  firmly  on  the  parapet  and  the 
top  of  the  reverse  slope.  Four  men  then  push  each  sap  roller  as  high  up  the  baulks 
as  possible ;  two  men  raise  the  rear  end  of  each  baulk,  while  six  men  push  the  rollers 
with  sap  forks,  and  two  others  with  the  4  N.  C.  Officers  hold  on  to  guy  ropes  and  ca.so 
the  rollers  gently  down  the  slopes  of  the  parapet  into  their  proper  places. 

The  three  squads  then  commence  sapping  by  kneeling  sap  through  the  parapet,  and 
construct  the  double  sap  as  before,  except  that  the  first  traverse  has  only  three 
gabions  in  thickness  instead  of  six ;  and  that  the  centre  No.  1  works  direct  to  his 
fronty  instead  of  passing  round  the  end  of  the  traverses  ;  by  which  course  the  alternate 
traverses  are  cut  in  two  places.  The  following  are  the  men,  tools,  and  materials 
required  for  this  sap,  viz.  : — For  passing  the  sap  rollei*s  over  the  parapet — 1  N.  0. 
Officer,  30  Privates,  32  fathoms  l^-in.  rope,  and  4  pieces  of  timber  for  lashing  the 
rollers,  8  baulks  6"  x  6"  or  6"  x  4",  4  pickets  4  feet  long,  and  2  pieces  IJ-inch  rope 
each  5  fathoms  long,  for  passing  the  rollers  over. 

For  the  sap  itself: — 3  N.  C.  Officers,  12  Sappers,  12  pickaxes,  12  shovels,  3  sap 

forks  (iQPg'Ii&nclled),  6  ditto  (short-handled),  3  measuring  rods  (4  feet),  1  ditto  (10 

feet),  6  gauges  (18  inches),  3  ditto  (20  inches),  3  mallet?,  and  some  pickets ;  sap 

rollers,  sap  faggots,  gabions,  and  fascines  as  before. 

C.  R.  jB. 


It  may  be  well,  while  treating  of  the  sap,  to  refer  to  those  portions  of  the  completion 
of  the  attack  which  are  commonly  carried  out  by  this  mode  of  working,  as  they  have 
not  been  noticed  in  the  previous  volumes. 

*When  the  approaches  come  within  easy  musket-range  of  the  salients  of  the 
parallels,  covered- way,  short  parallels,  100  to  150  yards  in  length,  are  extended  to  the  right 
and  left  from  the  angles  of  the  zigzags,  for  the  purpose  of  posting  firing  parties  of 
infantry  to  oppose  the  musketry-fire  of  the  garrison.  These  are  called  Demi- 
parallels;  they  serve  also  to  support  the  head  of  the  attack  when  more  than 
halfway  from  the  second  parallel  to  fhe  place,  and  their  extremities  afford  good 
positions  for  Cohoms  and  royal  mortars,  which  throw  shells  into  the  covered-way 
with  very  destructive  effect.     To  protect  ihe  infantry  firing  from  the  trenches,   the 


*  From  the  printed  papers,  Royal  Military  Aoadomy. 
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parapets  are  raised  Ly  ).Iacu)g  baud-Lags  on  them  so  arraoged  as  to  leave  loopholes 
at  the  proper  intervals.     During  the  close  attack,  the  besieger's  success  will  greatly 
depend  on  keeping  down  the  mnskctry-fire  of  the  fortress.     To  this  end,  every  part 
of  the  trenches  which  admits  of  it  should  be  made  available  for  musketry,  so  that,  if 
possible,  such  an  overwhelming  fire  may  be  brought  against  the  garrison  as  to  prevent 
them  even  pointing  a  musket  over  their  parapets  ;  and  rifle-pits,   or  screens,  arc 
formed  in  front  to  hold  from  2  to  10  men  each.     When  the  approaches  arrive  near 
the  foot  of  the  glacis,  or  within  120  yards  of  the  salients  of  the  covered-way,  treucheji 
arc  again  carried  out  to  tlie  right  and  left,  which,  being  extended  till  they  meet,  foi-m 
a  Tftird  Parallel.     This  is  necessary  to  connect  the  heads  of  the  attack,  and  to 
establish  a  secure  position  where  the  besieger  may  collect  materials  and  make  other 
preparations  for  attacking  the  covered-way.     The  besieger's  operations  being  now 
confined  to  the  salients  on  which  he  has  been  approaching,  and  the  space  between 
them,  the  third  parallel  need  not  be  extended  on  either  flank  more  than  800  yards 
beyond  their  capitals. 

The  operation  of  forming  the  lodgments  on  the  crest  of  the  glacis  is  termed 
(  rowning  the  Covered-Way.  This  is  sometimes  done  by  assault,  but  only  when  the 
defences  have  been  so  injured  or  the  garrison  is  so  weak  and  dispirited  as  to  render 
stKcess  highly  probable.  Against  a  strong  and  spirited  garrison,  such  efforts  to 
hnsten  the  progress  of  the  siege  arc  generally  attended  with  defeat  and  disaster,  and 
after  sacrificing  many  valuable  lives  in  an  unsuccessful  assault,  the  besieger  has  to 
resort  to  the  slower  but  sure  process  of  systematic  approach.  When  it  is  decided  to 
crown  the  covered-way  by  assault,  a  quantity  of  materials  su£Eicient  to  form  the 
lodgments  is  collected  on  the  reverse  of  the  third  parallel,  and  portions  of  it  ou  both 
sides  of  the  capital  are  formed  in  st<?ps. 

When  everything  is  ready,  the  storming  party  rush  into  the  covered-way,  and 
drive  its  defenders  into  the  re-entering  places  of  arms.  They  are  closely  followed  by 
a  working  party,  who  trace  the  lodgments,  as  well  as  the  communications  to  the 
parallel,  by  flying  sap,  and  cover  themselves  as  quickly  as  possible.  When  sufficient 
cover  is  obtained,  f the  storming  party  retire  into  the  lodgments,  which  need  not 
be  extended  further  than  necessary  to  insure  possession  of  the  covered- way.  When 
it  is  intended  to  proceed  by  systematic  approach,  two  trenches  are  broken  out  by  sap 
from  the  third  parallel,  one  on  each  side  of  the  capital  about  40  yards  from  it. 
These  are  directed  inwards,  to  meet  on  the  capital  about  30  yards  from  the  jMtrallel, 
forming  what  is  called  the  Circular  Portion.  From  this  a  double  sap  is  carried  on 
the  capital  to  within  about  30  yards  of  the  salient,  where  saps  are  pushed  to 
the  right  and  left  along  the  slope  of  the  glacis,  about  20  yards  beyond  the  pro- 
longations of  the  crests  of  the  covered-way,  extending  somewhat  inwards,  so  as 
to  enclose  the  salient,  and  terminating  in  a  return  at  an  obtuse  angle,  about 
8  or  10  yards  in  length.  The  parapets  of  these  returns  and  of  about  16  yards 
of  the  trench  at  each  cud  are  then  raised  high  enough  to  command  the  salient  place 
of  arms.  From  these  high  parapets,  which  are  caled  Trench  CacalierSf  the  besieger's 
musketry  soon  forces  the  garrison  to  evacuate  the  salient  place  of  arms.  A  double 
sap  on  the  capital,  or  two  single  saps  from  the  inner  ends  of  the  trench  cavaliers,  are 
then  pushed  forwaids  to  within  six  yards  of  the  crest  of  the  glacis,  where  the 
lodgmeuts  are  commenced. 

Though  the  principles  observed  in  the  former  part  of  the  attack  are  adhered  to 
duiing  the  subsequent  operations,  yet  their  details  will  vary  considerably  when  applied 
to  fortifications  of  different  constructions.  Those,  however,  who  clearly  understand 
the  attack  of  one  kind  of  fortification,  will  have  litUe  difficulty  in  comprehending  the 
modifications  applicable  to  the  other.     We  will  therefore  select,  as  an  example  a  large 
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polygon  of  the  French  Modern  System,  which  may  be  considered  the  ordinary  bastioned 

system  in  its  most  improved  form.     From  the  great  saliency  of  the  ravelins,  a  besieger 

must  take  two  of  them  before  he  can  reach  a  bastion.     We  will  therefore  suppose  our 

attack  to  have  been  carried  as  far  as  the  salient  place  of  arms  of  two  ravelins,  it  being 

the  besieger's  intention  to  penetrate  to  the  bastion  between  them. 

While  the  approaches  are  made  from  the  third  parallel  on  the  two  ravelins,  a 

double  sap  is  pushed  forward  on  the  capital  of  the  bastion,  and  a  fourth  parallel  is 

iiont  on       constructed  to  connect  it  with  the  trench  cavaliers.     The  lodgment  on  the  glacis  of 
acifi. 

each  ravelin  consists  of  a  trench,  commenced  by  double  or  half- double  saps,  parallel  to 

the  crest,  and  at  a  distance  of  six  yards  from  it,  so  as  to  leave  a  sufficient  parapet, 
to  protect  which  from  enfilade  and  reverse  fire  from  the  face  of  the  bastion  and  the 
opposite  ravelin,  traverses  are  made  by  single  sap  at  right  angles  to  it.  The  lodg- 
ment on  each  flank  of  the  attack,  being  extended  as  far  as  the  prolongation  of  the  face 
of  the  ravelin,  is  converted  into  a  battery  to  breach  the  face  of  the  bastion  through  the 
opening  afforded  by  the  ditch  of  the  ravelin.  The  lodgments  on  the  other  side  are 
extended  as  far  as  the  third  traverses  of  the  covered  way,  the  double  sap  is  continued 
on  the  capital  of  the  bastion  as  far  as  the  foot  of  its  glacis,  and  a  fifth  parallel  is  con- 
structed, connecting  it  with  the  lodgments  on  either  side,  which  are  then  converted 
biug  bat-  intQ  batteries  to  breach  the  ravelin.  While  these  breaching  batteries  are  constructing, 
at  into  tbo  the  besieger  commences  his  descent  into  the  ditch  of  each  ravelin,  by  means  of  a  great 
gallery  of  a  mine  extending  from  the  lodgment  to  the  bottom  of  the  ditch.  The 
gallery  of  descent  may  be  on  either  side  of  the  breaching  battery,  but  it  is  better  to 
construct  it  on  the  side  next  the  salient,  as  the  ascent  of  the  breach  will  then  be 
better  covered  from  the  fire  of  the  bastion.  It  should  never  have  less  than  three  feet 
of  earth  above  its  roof ;  its  slope  should  not  be  steeper  than  one  in  four,  and  should 
be  BO  regulated  as  to  reach  the  bottom  of  the  ditch,  when  dry,  three  feet  below  its 
sur&ce,  to  meet  the  bottom  of  the  trench  crossing  it.  It  should  enter  a  wet  ditch  a 
foot  or  two  above  the  level  of  the  water.  It  will  often  occur,  particularly  with  wet 
ditches,  that  from  the  inconsiderable  height  of  the  counterscarp,  the  gallery  of  descent 
will  not  have  sufficient  earth  over  its  roof  when  passing  under  the  covered-way  ;  in 
that  case  it  should,  if  possible,  be  carried  under  a  traverse,  and  the  passage  round 
the  traverse  filled  up  with  earth  or  fascines.  Another  mode  of  descendiug  into  a 
ditch  is  to  drive  a  gallery  from  the  lodgment  on  the  glacis  to  the  back  of  the  counter- 
scarp revetment,  and  there  lodge  a  charge  of  powder  to  breach  it.  This  is  called 
bloiffing  in  the  counterscar]).  The  breach  thus  made  will  form  a  ramp  into  the  ditch, 
to  which  a  communication  may  be  made  from  the  lodgment  on  the  glacis. 
go  of  the  When  the  ditch  is  dry,  a  passage  across  it  is  effected  simply  by  means  of  a  trench 
when  dry.  j^^^q  ^j  g^p^  extending  from  the  opening  of  the  gallery  to  the  foot  of  the  breach,  the 
flank  defences  being  subdued  by  the  battery  on  the  crest  of  the  salient  place  of  arms, 
assisted  by  musketry  and  vertical  fire.  After  the  breach  has  been  made  practicable, 
the  fire  of  the  breaching  battery  may  be  employed  to  drive  the  garrison  from  the 
lummit  of  the  breach,  or  to  destroy  a  parapet  wall  or  escarp  gallery,  should  such  exist 
on  either  side  of  the  breach,  from  whence  the  garrison  might  oppose  the  passage  with 
when  wet  musketry.  The  mfnle  of  passing  a  wet  ditch  will  depend  on  cireumstanoes.  When 
the  water  is  stagnant,  a  passage  may  be  made  without  much  difficulty,  by  constructing 
a  causeway  of  fascines,  which  should  be  loaded  with  stones  to  make  them  sink,  and  a 
parapet  of  the  same  material.  The  fascines  should  be  passed  from  hand  to  hand  by 
men  stationed  in  the  gallery  for  the  purpose.  Much  time  would  be  saved  by  con- 
structing two  galleries  of  descent,  as  was  done  by  the  French  at  the  siege  of  Antwerp 
in  1832,  and  making  use  of  one  of  them  to  build  the  parapet^  and  the  other  the  road. 
When  a  current  of  water  flows  through  the  ditch  of  a  fortress,  the  difficulty  of  passing 
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it  is  very  great ;  and  if  tlie  stream  be  deep  and  rapid,  or  the  garrison  hare  much 
command  of  water,  so  as  to  be  able  to  empty  and  fill  the  ditch  at  pleasure,  the  diffi> 
caltics  are  almost  insurmountable.     The  passage  roust  be  made  either  by  constnieting 
a  causeway  sufficiently  strong  and  high  to  retain  the  water  till  it  finds  Tent  throngh 
other  channels,  or  with  openings  to  let  the  water  through  ;  or  by  means  of  a  floating 
bridge  or  raft.     The  former  mode  must  always  be  impracticable,  unless  the  height  of 
waWr  to  be  retained  is  inconsiderable,  iu  which  case  a  dam  might  be  made  with  loaded 
fascines  and  Band-bags,  and  openings  might  be  left  in  the  lower  part  of  it  for  the 
passage  of  water,  by  sinking  a  frame- work  of  wood,  or  casks  and  large  gabions,  with 
their  axes  in  the  direction  of  the  current.    According  to  the  opinion  of  Yauban,  "  there 
is  no  other  mode  of  passing  which  can  be  depended  upon  ;  for  to  employ  trestles,  flying 
bridges,  or  rafts,  it  would  be  impossible  to  work  at  them  under  cover,  and  there  wouM 
be  found  neither  security,  ixjssibility,  nor  utility  in  their  construction."*     Connon- 
taiguc,  however,  describes  t)ie  construction  of  a  floating  bridge  of  fascines,  which  was 
employed  with  perfect  success  at  the  siege  of  Philipsbnrg  in  1734.     It  consisted  of 
layers  of  fascines,  alternately  crossing  each  other  with  hurdles  between,  and  fastened 
together  by  pickets  ;  its  width  was  48  feet  at  bottom,  and  its  thickness  tf  feet,  with  a 
parapet  formed  by  a  double  row  of  gabions,  with  three  or  four  rows  of  fascines  on 
them,  covered  with  fresh  raw  hides,  to  prevent  their  being  burnt.     Two  such  bridges 
were  conf^tructed  in  six  days,  across  ditches  20  toises  wide,  in  which  there  was  from 
12  to  15  feet  of  water,  with  a  loss  of  not  more  than  twenty  men  at  each  bridge.     The 
current,  however,  could  not  have  been  rapid,  as  Philipsburg  is  situated  in  a  low, 
marshy  country.    It  has  been  proposed  to  strengthen  a  fascine  bridge  by  laying  several 
rows  of  beams  in  it  lengthways,  with  pickets  four  or  five  feet  long,  and  pointed  at 
each  end,  passing  through  them  at  intervals  of  about  four  feet.     At  the  siege  of 
Friibourg  in  1713,  by  the  French  under  Marshal  Villars,  owing  to  the  garrison  pos- 
sessing great  command  of  water,  the  besiegers  found  much  difficulty  in  effecting  the 
passage,  and  after  thirteen  days'  work,  with  a  loss  of  more  than  100  men  per  day, 
they  would  have  failed  altogether  had  not  Marshal  Villars  contrived  to  divert  the 
waters  of  the  Thersein^  which  fiowed  through  the  town,  into  another  channel. 
Lodgment  on  Marshad  Vauban's  mode  of  gaining  possession  of  a  breach  is,  in  Sir  John  Joneses 

the  breach.  opinion,  ''  bo  simple,  so  bloodless,  and  forms  such  an  advantageous  contrast  with  the 

open  assaults  at  the  sieges  detailed  in  his  work,  that  every  one  must  regret  the 
inability  of  the  army  to  have  followed  the  same  mode  of  proceediDg."t  It  is,  there- 
fore,  given  as  translated  from  the  *  TraitS  de$  Sieges.* 

Preparatory  to  making  the  lodj^ment,  a  great  quantity  of  materials  must  be  prorided, 
such  as  gabions,  fascines,  and  sand-bags,  and  also  a  number  of  intrenching  tools,  which 
should  be  carried  as  far  forward  as  possible,  without  encumbering  the  trenches,  and 
piled  on  the  reverse  of  them.  Care  must  be  taken  that  all  the  lodgments  from  which 
it  is  possible  to  fire  on  the  part  to  be  attacked  are  in  a  perfect  state,  and  that  the 
batteries  of  cannon,  mortars,  and  pierriers,  are  in  reidiness  to  open  ;  and  the  officers 
commanding  in  the  batteries  and  lodgments  should  have  it  fully  explained  to  them  on 
the  spot,  how  they  are  to  act  according  to  the  signals  made. 
AMsult  of  A  '*  The  signal  may  be  from  a  flag  elevated  on  the  lodgment  of  the  covered- way,  at 

such  spot  as  shall  be  seen  from  all  the  batteries  and  lodgments.  Everything  being 
ready,  the  infantry  will  place  their  muskets  through  the  sand-bags  laid  for  their  pro- 
tection on  the  top  of  the  parapets,  and  every  one  will  await  in  silence  the  signal  to 
open  his  fire  by  the  flag  being  hoisted,  and  to  cease  firing  on  its  being  lowered. 


breach. 


•  Vauban's  '  Tr<iit^  dea  Si^s,'  edited  by  Colonel  Augoyat,  p.  157. 
t  Joucs'a  '  Sieges,'  vol  iL  p.  372. 
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'*Thus  prepared,  ivfo  or  three  sappers  will  ascend  the  breach — not  up  the  centre, 
but  on  its  right  and  left,  next  the  end  of  the  broken  waU,  where  cover  is  osoally  found 
between  the  part  of  the  revetment  which  remains  standing  and  that  which  lias  been 
beaten  down.  The  two  or  three  sappers  will  lodge  themselves  in  these  hullo ws, 
throwing  the  rabbish  down,  but  working  upwards,  and  will  procure  cover  for  two  or 
three  other  sappers,  who  will  be  sent  to  their  assistance,  the  whole  being  prepared  to 
leave  their  work  on  any  advance  of  the  enemy.  Should  that  occur,  as  soon  as  the 
sappers  are  off  the  breach  the  signal  is  made,  and  all  the  batteries  and  lodgments 
instantly  upen  a  heavy  fire  on  the  enemy,  who  cannot  remain  under  it,  but  will 
quickly  disperse.  As  soon  as  that  is  perceived,  the  flag  must  be  lowered,  and  the 
sappers  again  sent  forward,  who,  resuming  their  work,  will  push  it  forward  as  much 
as  possible ;  again  abandoning  it,  however,  whenever  the  enemy  make  their  appear- 
ance, which  may  occur  a  second  and  even  a  third  time.  Each  time,  however,  that 
they  do  como  forward,  all  the  lodgments  and  batteries,  even  those  of  the  covered- 
way,  must  resume  their  Are,  which  cannot  fail  to  drive  back  the  enemy,  and  give 
opportunity  to  establish  the  lodgment.  It  will  not  probably  be  till  the  fir«-t  or  second 
time  of  retui-ning  that  the  garrison  will  spring  their  mines  (if  there  be  any),  and 
which  may  be  considered  an  infallible  sign  that  they  give  up  the  work.  These  mines 
are  unlikely  to  be  attended  with  any  great  effect,  for  they  may  be  sprung  at  a  moment 
when  the  workmen  are  not  on  the  breach  ;  or  they  may  have  been  formed  under  the 
part  where  the  sappers  do  not  work,  or  at  worst  can  only  destroy  three  or  four  men. 
In  the  mean  time  the  sappers  will  have  prepared  some  cover  in  the  excavation,  which 
when  completely  ready,  and  not  till  then,  must  be  occupied  by  small  detachments  ; 
but  as  soon  as  the  garrison  abandon  the  work,  the  lodgment  must  be  made  openly  in 
the  breach,  and  be  well  secured  along  the  whole  excavation,  but  not  beyond  it. 
Afterwards  the  work  will  be  extended  to  the  right  and  left  along  the  rampart  by  saps, 
forming  a  portion  of  a  circle  which  will  occupy  all  the  terreplein  of  its  flanked  angle  : 
from  thence  it  will  be  carried  along  the  two  faoes  of  the  work  till  everything  is  duly 
prepared  to  force  the  intrenchment  at  the  gorge.** 

When  it  is  decided  to  carry  a  breach  by  open  assault,  a  heavy  fire  is  directed  on 
its  summit  and  the  neighbouring  defences,  to  force  the  garrison  to  retire  from  them. 
The  storming  party,  which  should  be  of  considerable  strength,  tben  rush  up  the 
breach,  followed  by  a  working  party  with  gabions,  who  trace  the  lodgment  by  flying 
sap  into  which  the  storming  party  retire  when  sufficient  cover  is  obtained.  *  *  Daylight 
is  certainly  the  best  time  for  storming  works,  when  the  troops  can  advance  under 
cover  to  the  breach  or  point  of  escalade,  or  have  the  support  of  a  powerful  artillery. 
But  when  the  garrison  have  preserved  an  extensive  front  of  fire,  and  the  trenches 
have  not  been  pushed  very  forward,  to  storm  in  daylight  can  be  seldom  advisable,  as 
the  troops  would  most  frequently  suffer  so  much  in  advancing  as  to  be  disabled  from 
any  serious  effort  when  arrived  at  the  breach.  The  most  preferable  time  fur  such 
open  advances  is  at  the  moment  of  daybreak.  In  the  dark,  the  troops  are  liable  to 
imaginary  terrors,  and  being  concealed  from  the  view  of  their  officers,  the  bravest 
only  do  their  duty.  When  it  is  decided  to  assault  a  place  immediately  before  day- 
break, the  utmost  attention  should  be  given  on  the  previous  morning  to  ascertain  the 
exact  moment  of  its  becoming  light ;  and  the  most  energetic  and  decided  measures 
must  be  taken  to  insure  the  columns  advancing  at  the  instant  fixed  upon,  as  it  will 
be  found  equally  prejudicial  to  their  success  to  be  too  soon  as  to  be  too  late."  * 

Of  the  various  methods  by  which  the  attack  may  be  carried  forward  against  the 
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modem  ravelin  and  redoubt,  the  following  appears  oa  reasonable  as  anj.     It  may 
here  be  obserred,  that  the  cscaq^  of  redoubts  and  retrenchments  are,  under  ordinary 
drcumstances,  much  more  easily  breached  by  mine  than  by  gnns,  for  their  ditches 
being  generally  narrow,   and  flank  defences  not  formidable,   the   miner  is  easily 
attached  ;  whereas  the  operation  of  arming  a  breaching  battery  in  a  narrow  oatirork 
is  one  of  extreme  difficulty. 
Attack  of  ravelin      The  lodgment  in  the  ravelin  is  extended  inwards  by  cutting  small  zigzag  trenches 
in  the  thickness  of  the  parapet,  commimicating  with  trenches  across  the  terreplein, 
which  are  occupied  by  musketry  to  oppose  that  of  the  redoubt.     If  the  garrison 
should  be  able  to  maintain  a  fire  of  artillery  from  the  fiice  of  the  bastion  for  the 
defence  of  the  ditch  of  the  redoubt,  it  may  be  necessary,  before  attempting  a  passage, 
to  convert  part  of  this  lodgment  into  a  counter-battery  to  subdue  their  fire.     In  the 
mean  time  a  zigzag  trench  in  the  ditch  of  the  ravelin  is  carried  further  in  to  the 
escarp,  and  two  galleries  are  commenced  to  ascend  into  the  ditch  of  the  redoabt^  the 
outer  one  being  a  great  gallery,  and  the  other  one  a  common  gallery.     When  this  last 
breaks  through  the  counterscarp,  a  trench  being  carried  across  the  ditch  will  enable 
the  besieger  to  reach  the  escarp  and  breach  it  by  a  mine.    By  the  time  the  mine  is 
ready  to  be  fired,   the  great  gallery  will  break  through,  and  afford  a  passage  to  a 
storming  party  who  may  assault  the  breach  under  cover  of  a  fire  of  musketry  from 
the  lodgments  on  the  ravelin.     Instead  of  continuing  a  gallery  from  the  ditch  of  the 
ravelin  to  that  of  the  redoubt,  the  besieger's  miner  might  stop  halfway,  and  lodge  a 
chai-gQ  sufficient  to  overthrow  both  revetments,  making  a  breach  right  through  the 
ravelin,  affording  an  easy  passage  to  the  ditch  of  the  redoubt,  and  by  filling  up  a  por- 
tion of  that  ditch  with  rubbish,  enable  the  besieger  to  cross  it  more  easily. 

When  the  besieger  gains  possession  of  the  redoubt,  the  garrison  must  abandon  the 
coupures  of  the  ravelin,  otherwise  their  retreat  would  be  cut  off.  The  besieger  may 
then,  by  a  zigzag  in  the  ditch  of  the  redoubt,  reach  the  escarp  of  the  ooupure,  breach 
it  by  a  mine,  and  effect  a  lodgment  on  it.  From  thence  he  takes  the  redoubt  in  the 
re-entering  place  of  arms  in  reverse,  forcing  the  garrison  immediately  to  retire  from 
it.  The  lodgment  on  the  glacis  of  the  ravelin  is  then  extended  inwards  to  the 
re-entering  place  of  arms,  the  double  sap  is  pushed  forwards  on  the  capital  of  the  bas- 
tion, and  lodgments  effected  on  the  crest  of  its  glacis,  which  are  converted  into 
counter-batteries  to  assist  in  subduing  the  fire  of  the  flanks.  The  ditches  of  the 
redoubts  in  the  re-entering  ]>laces  of  arms  being  now  without  flank  defence,  the 
besieger  may  with  little  difficulty  breach  their  escarps  and  counterscarps  by  mines, 
and  make  lodgments  in  them,  which  he  converts  into  batteries  to  breach  the  bastion. 
From  the  ditches  of  the  redoubts  he  saps  along  those  of  the  ravelin,  from  whence  he 
commences  the  descent  into  the  main  ditch.  This  and  the  ascent  of  the  breach  are 
made  in  the  mode  already  described,  and  a  lodgment  is  thus  effected  on  the  torreplein 
*  of  the  bastion.     Further  operations  would  depend  on  the  nature  of  the  retresefament. 

If  it  should  have  a  high  well-flanked  escarp,  it  might  bo  neoesiary  to  breach  it  bj  a 
mine  or  battering-guns,  as  before  ;  if  its  profile  were  that  of  a  field-work,  it  might  bo 
stormed  by  filling  up  its  ditch  with  fascines  or  bags  of  ha^  or  wool,  or  it  might  in 
either  case  be  cscaladed. 
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SHOT  GARLANDS,*  either  of  iron  or  wood,  are  used  to  retain  ahot  placed 
on  Dtftnetiy  and  their  dimensions  and  scantlings  are  shewn  fig.  1.  They  preserve 
the  shot  from  deterioration,  and  it  is  usual  to  place  a  tier  of  tmserviceable  shot 
under  the  serviceable  pile.  A  eoii-iron  gratiny  added  to  the  shot  garlands  recently 
sent  from  Woolwich,  and  shown  in  fig.  2,  has  been  considered  as  an  improvement. 


Section  on  e  f. 


Flan  and  section  of  cast-iron  shot 
garlands  for  8-inch  shells ;  the 
groand-tier  conmsting  of  unser- 
viceable shot. 
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Fig.  1. 
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Pig.  2. 


Plan  and  section  of  east-iron  shot 
garlands,  showing  the    proposed 
gratings  for  the  ground  tier,  for 
8-inch  shells. 


Section  on  o  D  fig.  2. 
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•  By  Lieutenant-General  Oldfidd,  R.E.  and  K.H. 
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SHRAPNELL   SHELLS. 


Fig.  8. 
Plan  and  section  of  shot  garlands  of  wood  for  S-inch-shells,  shewing   ground 

tier  of  unserviceable  shot. 
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LIMI 


Fig.  4. 


SHRAPNELL  SHELLS.*— The  Shrapnell  is  in  external  appearance  like  the 
common  shell,  but  it  is  made  much  thinner,  and  is  filled  with  leaden  bullets  and  a 
bursting  charge ;  the  conditions  regarded  being  : — Ist.  That  the  thickness  of  metal  shall 
be  such  as  to  resist  the  explosion  of  the  charge  in  the  bore  of  the  gun,  but  to  open 
readily  with  a  small  bursting  charge ;  and  2nd.  That  the  bursting  charge  shall  be 
merely  sufficient  to  open  the  shell  without  affecting  the  flight  of  the  bullets. 

In  the  original  Shrapnell,  the  powder  was  poured  loosely  among  the  ballets ;  a 
proceeding  which  resulted  often  in  premature  explosions,  caused  by  friction  ;  but  this 
risk  was  obviated  by  the  improvement  proposed  by  Lieut. -CoL  Boxer,  B.  A.,  which  con- 
sisted in  separating  the  powder  from  the  balls  by  enclosing  it  in  a  metal  cylinder, 
extending  from  the  fuze-hole  down  the.  centre  of  the  shell,  and  filling  the  interstioea 
between  the  balls  with  melted  resin.  Fig.  1.  A  much  smaller  bursting  charge  is  thaa 
required,  and  the  shells  can  be  fired  with  fall  service  charges,  giving  a  greatlj 
increased  velocity  and  penetration. 


*  Cbiefly  from  papers  by  Mi^or.Owen,  R.  A. 
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The  DixtB^AOit.  Shill  (Fig.  2),  inTented  bf  Lieat-Col.  Boxer  hu  ft  wranght 
iron  partitioa  which  septiate*  the  cbftcje  from  the  bulletB.  The  bnnting  chai^  ii 
much  redaced,  and  the  intcrstieefl  between  the  bnllete  are  filled  with  eoal  dnit 
instead  of  resin,  la  order  to  facilitftte  the  bontiDg  in  a  proper  loftaiur,  fonr  grooTea 
ftie  cast  in  the  interior  of  the  shell.  The  ballets  are  composed  of  lead  and  sntimonj, 
in  order  to  retain  their  correct  epberical  fono. 

Fig.  1.  Fig.  3. 


These  shells  are  most  effeeUre  against  infantr}'  and  carali;  in  masses  si  conuder- 
able  ranges.  The  effect  prodneed  obieBy  depends  on  the  shell  borsting  at  the  proper 
moment,  i.  t.  at  (iom  20  to  SO  yards  short  uf  the  object ;  so  that  the  artillerist  sbonld 
regnlate  the  foie  to  canse  explodon  at  aboat  50  jards  short  of  the  object  firtd  at ;  in 
order  that  the  balls  ma;  not  strike  the  gronod  first  fnim  the  fnie  being  short,  nor 
ranuuD  in  the  shell  (ill  it  bfts  passed  the  object,  from  the  fni«  bebg  too  long. 
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Sanga  of  Diaphragm  Sh^i,  compStd  from  Pradiee. 
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SHUTTERS,  EMBRASURE.*— The  four  accompanyixig  sketches  ai«  intended 

to  illnstrate  a  method  of  fitting  shatters  to  emhrasores,  'which  is  described  bj  Albert 
Diirer  in  his  book  'Unterricht  von  Befestignng  der  Stfttte,  Schloss,  nnd  Fleeken,* 
Nuremburg,  1527.     (See  Plate.) 

These  shutters  are  composed  of  long  spars  balanced  see-saw  fashion  on  a  trestle 
over  the  gun,  and  having  a  trifling  preponderance  to  the  front.  Thus,  at  rest^  the 
fore  ends  dip  to  meet  the  sill  of  the  embrasure  (figs.  1  and  8),  while  the  slightest 
touch  behind  \b  sufficient  to  cant  them  up  (figs.  2  and  4),  so  as  to  allow  of  the  piece 
being  discharged,  on  which  the  shutter  is  immediately  let  fall  again.  This  is  a  very 
ingenious  suggestion,  and  seems  admirably  practical,  from  the  facility  with  which  the 
shutter  is  constructed  and  worked,  the  promptitude  with  which  a  shattered  beam 
could  be  replaced,  and  the  tendency  which  the  slanting  position  of  the  timber  would 
have  to  deflect  a  bullet. 

SIEGE  OPERATIONS  IN  INDIA. 

ATTACK    OF    FORTS    AND    FORTRESSES. 

PRINCirLfiS   TO    REQULATE  THE   NATURE  OF  THB  ATTACK,  f 

1.  In  besieging  an  Indian  fortress,  it  may  appear  necessary  to  observe  that  a 
salient  angle  should  be  chosen  as  the  point  of  attack  ;  that  the  pettah  (suburb),  or  any 
other  ground  near  the  place,  capable  of  affording  cover,  should  be  occupied,  in  order 
to  diminish  the  labour  of  making  parallels  and  approaches,  and  that  the  ricochet  bat- 
teries  should  be  established,  and  the  approaches  pushed  on  towards  the  exterior  line 
of  works  by  the  flying  sap,  and  continued  by  the  regular  sap  as  soon  as  that  more 
cautious  mode  of  proceeding  is  found  necessary.  These  rules,  in  fact>  are  precisely 
the  same  that  would  be  followed  in  attacking  every  fortress,  let  its  nature  be  what  it 
may ;  and  therefore  it  is  not  necessary  to  enlarge  upon  this  part  of  the  operations, 
remarking  only,  in  respect  to  the  enfilading  fire,  that  two  well-appointed  rioochet 
batteries,  placed  in  the  prolongation  of  these  two  faces  of  the  fort  whieh  form  the 
angle  attacked,  will  generally  suffice.  By  these  simple  operations,  which  may  be 
completed  in  a  few  days,  the  besiegers  will  have  advanced  to  within  dose  mnsket- 
shot  of  the  exterior  line  of  defence,  after  which  expert  Sappers  will  be  required  for 
executing  the  regular  single  or  double  sap  :  the  progress  may  be  calculated  at  the 
rate  of  three  or  four  yards  an  hour. 

2.  At  this  period  of  the  siege,  the  peculiar  nature  of  the  exterior  line  of  works 
first  begins  to  influence  the  operations.  Some  Indian  fortresses  have  a  glacis  in 
front  of  the  main  ditch,  as  at  Nowa,  which  had  a  partial  and  imperfect  oovert 
way.  In  the  attack  of  these,  the  practice  of  crowning  the  crest  of  the  glacis  l^  sap 
must  be  followed,  and  batteries  may  be  constructed  there  for  the  purpose  of  breaching 
the  low  fausse-bray  or  rounce-wall  which  almost  invariably  surrounds  the  principal 
rampart  of  the  body  of  the  place.  It  is  possible,  however,  that  batteries  so  placed 
on  the  crest  of  the  glacis,  and  firing  across  a  very  deep  and  narrow  ditch,  may  not  be 
able  to  bear  sufficiently  low  to  effect  a  practicable  breach  in  the  scarp  revetment  of 
the  fausse-bray.  In  this  case,  therefore,  it  may  sometimes  be  proper  to  blow  in  the 
couoterscrap  and  part  of  the  glacis  by  mining,  in  order  to  lay  open  the  fietusse-bray  to 
the  fire  of  batteries  placed  in  a  more  retired  situation  on  the  glacis. 

3.  If,  on  the  contrary,  the  fortress  besieged  should  have  no  glacis,  but  an  exterior 
enclosure,  consisting  of  a  simple  rampart,  beyond  the  fausse-bray  and  the  main 


*  By  Captain  Yule,  Bengal  Engineers. 

t  From  •  Journals  of  the  Sieges  of  the  Madras  Army,'  by  Colonel  Edw.  Lake. 
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ditch,  as  at  Mallijaam,  the  mode  of  proceeding  most  be  somewhat  different. 
Whilst  the  sap  is  adTandng  towards  this  rampart,  which  is  usnally  of  moderate 
height  and  constructed  of  mnd,  miners  most  be  sent  forward  to  lodge  themselves  in 
the  lower  or  solid  part  of  three  or  four  of  the  principal  towers,  in  which  they 
will  prepare  chambers  for  blowing  them  up.  But  if  this  rampart  should  be  built  of 
masonry,  then,  instead  of  attaching  the  miners  to  the  wall  at  once,  it  may  be  neces- 
sary to  commence  the  mines  requisite  for  the  demolition  of  the  towers  by  means  of 
galleries  carried  under  the  level  of  the  foundation.  On  the  explosion  of  the  mines 
thus  prepared,  troops  must  be  in  readiness  to  more  foi'ward  immediately,  and  occupy 
the  exterior  line  of  works  of  the  fortress,  which  will  then  be  laid  completely  open  to 
assault,  and  from  which,  in  all  probability,  the  enemy  will  retire  without  waiting  the 
issue  of  a  personal  conflict.  This  will  form  an  excellent  parallel  for  the  ulterior 
operations,  provided  that  in  certain  parts  of  it  a  parapet  be  formed  on  the  reverse  of 
the  terreplein  towards  the  enemy,  and  turning  it,  as  it  were,  inside  out  or  otherwise. 
The  next  consideration  is  the  passage  of  the  ditch  and  the  formation  of  a  prac- 
ticable breach  in  the  rounce-wall ;  for  which  purpose,  if  the  exterior  rampart,  now 
supposed  to  be  in  the  possession  of  the  assulants,  should  be  too  near  to  the  counter- 
scarp to  admit  of  a  breaching  battery  being  placed  in  the  interval,  it  must  be  cleai*ed 
away  by  mines  fired  for  this  express  purpose.  If,  on  the  contrary,  there  should  be 
a  considerable  space  of  ground  intervening,  this  space  must  be  occupied,  the  sap 
extended  to  the  brink  of  the  ditch,  and  a  proper  breaching  battery  established,  in  the 
same  manner  as  was  before  described  in  treating  of  the  attack  of  the  simple  glacb  or 
counterscarp. 

5.  It  is  possible,  however,  that  under  peculiar  circumstances  it  may  not  be 
advisable  to  attempt  to  breach  the  fauase-bray  by  battering  guns.  In  some  cases, 
galleries  for  the  descent  of  the  ditch  must  be  excavated,  and  the  counterscarp  revet- 
ment pierced  ;  after  which  the  passage  of  the  ditch  must  be  executed  by  sap,  and  the 
rounce-wall  or  scarp  revetment  of  the  £&ussebray  must  be  breached  by  parties  of 
miners  pushed  forward  for  that  purpose.  At  the  same  Ume,  a  battery  must  be 
constructed  to  breach  also  the  high  interior  line  of  defence  or  principal  rampart  of  the 
body  of  the  place  immediately  above  the  breaches  in  the  fausse-bray  ;  and  mines  must 
be  prepared  to  blow  in  the  counterscarp  opposite  to  the  breaches. 

6.  The  quantity  of  powder  to  be  used  in  these  mines  will  depend  upon  the  nature 
of  the  counterscarp,  and  also  whether  it  is  revetted.  The  ditches  of  native  fortresses 
are  frequently  without  revetments  ;  for  the  earth  in  some  parts  of  India  is  of  great 
tenacity,  and  notwithstanding  the  heavy  periodical  rains,  it  will  stand  at  a  much  less 
slope  than  in  Europe. 

7.  The  explosion  should  be  so  timed  as  to  take  place  as  soon  as  the  breaches  in 
the  body  of  the  place  are  practicable,  but  not  before  ;  and  the  storming  party  must  be 
in  readiness  to  push  forward  across  the  mines  the  very  moment  that  these  are  fired, 
as  was  done  at  Nowa,  where  the  explosion  of  the  mines  was  the  signal  of  assault. 
These  operations,  perilous  and  difficult  to  men  ignorant  of  such  duties,  are  easy  of 
execution  to  properly  trained  Sappers  and  Miners. 

8.  In  respect  to  the  proper  distance  for  breaching  batteries,  it  may  be  remarked* 
that  even  when  they  are  not  firom  circumstances  obliged  to  be  advanced  to  the  crest 
of  the  glacis  or  to  the  counterscarp,  it  is  not  recommended  that  they  should  be 
established  at  more  than  150  yards  from  the  wall  that  is  battered.  If  the  ramparts 
of  an  Indian  fortress  are  of  stone,  the  curtain  should  generally  be  battered  in  prefer- 
ence to  the  towers,  as  the  shot  are  apt  to  be  reflected  from  the  latter,  owing  to  their 
circular  form  and  the  hardness  of  the  material  of  which  they  are  built.  The  pro* 
priety  of  this  rule  was  exemplified  in  a  remarkable  way  at  the  siege  of  Palghaut  in 
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1781,  when  the  besiegers  in  vain  attempted  to  breach  one  of  the  round  towers  of  tlie 
fort,  which  was  composed  of  very  large  blocks  of  granite,  laid  in  the  manner  techni- 
cally called  *  headers,*  in  architecture,  so  as  to  present  their  ends,  not  their  sides,  to 
the  shot.  In  1790,  when  the  fort  was  again  attacked,  one  of  the  curtains  was 
breached  in  a  few  hours. 

9.  If  all  tic  works  at  a  fort  be  constructed  of  mud,  the  breaches  in  each  enclosure 
or  line  of  defence  will  be  better  and  more  quickly  effected  by  mining  than  by  batter- 
ing-guns ;  for  such  is  the  nature  of  these  earthen  reyetments,  that  the  shot  bury  and 
lodge  themselves  in  the  mud  without  bringing  it  down.  Live  shells,  the  effect  of 
which  against  earthen  works  has  been  proved  in  Europe  to  be  much  greater  than 
that  of  shot,  may  be  also  used  to  advantage  ;  but  it  may  be  justly  asserted  that  there 
is  no  country  in  the  world  in  which  mining  may  be  used  for  the  purposes  of  attack 
to  80  much  advantage  as  in  India,  where  the  ill- flanked  outline  enables  the  miner  to 
lodge  himself  at  once  in  the  face  of  the  rampart,  without  the  necessity  of  approaching 
it  by  galleries,  and  where  the  mud  of  which  the  works  are  composed  is  soft  enough 
to  1)6  penetrated  with  ease,  and  yet  of  sufficient  tenacity  to  stand  without  wood-work 
of  any  description. 

10.  Captain  Coventry,  of  the  Madras  Engineers,  tried  an  interesting  experiment 
connected  with  this  subject  in  the  year  1811  at  Amulnur.  It  was  his  intentioB, 
in  the  attack  of  that  fort,  to  have  breached  the  rampart  by  mining  ;  but^  as  the  place 
surrendered  without  resistance,  he  resolved,  on  receiving  an  order  to  destroy  the 
works,  to  put  to  the  tost  the  plan  of  oj)eration  that  he  had  previously  determined  to 
pursue  if  the  place  had  stood  a  siege.  Accordingly  he  ran  a  gallery  under  one  of  the 
circular  towers,  and  placed  llOOIb.  of  powder  in  the  chamber,  the  line  of  least 
resistance  being  22  feet;  and  although  the  powder  was  of  inferior  quality,  being 
jnade  by  the  natives,  the  effect  of  the  explosion  was  very  considerable,  throwing  down 
the  whole  of  the  tower  and  part  of  the  adjacent  curtain. 

11.  It  maybe  remarked  that  it  is  better  to  effect  a  breach  by  mining  than  by 
battering-guns,  so  far  as  regards  the  expenditure  of  shot ;  not  so  much,  however,  on 
account  of  the  expense  as  the  difficulty  of  conveying  a  sufficient  quantity  of  this  most 
essential  article  of  store. 

1 2.  Even  this  is  a  matter  of  some  consequence,  if  it  be  considered  that  it  may 
require  three  months  to  convey  the  shot  to  the  advanced  divisions,  and  that  it  may 
be  a  year  or  more  before  they  are  used  ;  that  in  the  Madras  Service  they  are  always 
transported  on  bullocks,  each  of  which  carries  only  four  18-ponnd  shot,  and  involves 
an  expense  of  nearly  five  rupees  a  month,  over  and  above  the  i>rime  cost  of  the  animal. 

13.  In  regard  to  the  best  hour  of  storming  a  fortress,  after  practicable  breaohes  are 
effected  by  the  battering-gun  or  by  the  mine,  opinions  arc  divided.  The  morning, 
noon,  and  night  have  each  their  advocates. 

The  storming  of  Seringapatam  took  place  in  the  middle  of  the  day  ;  but  it  appears 
that  the  unusual  bustle  of  the  preparations  in  the  trenches  attracted  the  notice  of 
several  of  Tippoo's  principal  officers,  who  were  fully  aware  of  the  intended  assault^  and 
requested  him  to  prepare  for  it, — but  in  vain, — as  a  blind  fatality  seems  to  have 
characterised  all  his  actions  towards  the  close  of  his  life  and  reign. 

Orme  gives  a  strong  opinion  in  favour  of  night  attacks.  After  relating  the  extra- 
ordinary successes  of  the  French  under  Monsieur  Bussey,  in  1750,  in  the  assault  of 
Gingee,  he  observes,  that  had  the  attack  been  made  in  daylight,  it  could  not  have 
succeeded,  for  the  Moors,  as  well  as  Indians,  often  defend  themselves  very  obstinately 
behind  strong  walls ;  but  it  should  seem  that  no  advantage  either  of  numbers  or 
situation  can  countervail  the  terror  with  which  they  are  struck  when  attacked  at  night. 

As  a  general  principle  it  is  recommended,— subject^  however,  to  such  variations  as 


BIE6E    OPERATIONS   IN    INDIA.  399 

local  drcomstanoet  may  require^ — ^to  commenoe  the  assault  in  tibe  Tery  early  part  of  the 
morning,  before  there  is  soffieient  light  for  the  enemy  to  distinguish  objects  correctly. 
At  this  time  they  will  also  have  had  the  fatigue  of  watching  all  night ;  and  to  exhaust 
the  garrison  the  more,  a  false  alarm  in  the  course  of  the  night  may  previously  be 
resorted  to. 

APPENDIX    I. 

Notes  on  the  Siege  of  Mooltan* 

1.  The  second  siege  was  carried  through  with  very  little  labour  to  the  troops ; 
the  amount  of  trench-work  was  smaller,  and  the  dangerous  part  was  chiefly 
executed  by  the  Sappers,  the  working  parties  of  the  Line  being  employed  in 
widening  and  improving  the  previous  work.  There  is  no  doubt  that  Brigadier 
Cheapens  project  of  carrying  the  suburbs  by  assault,  taking  the  town,  and  then  pro- 
secuting the  attack  on  the  fort  or  citadel,  saved  much  time  and  fatigue  to  the  besiegers, 
which  would  inevitably  have  been  incurred  by  the  adoption  of  the  attack  on  the 
north-east  angle  of  the  citadel,  without  dispossessing  the  enemy  of  their  cover 
in  the  gardens  and  houses  and  city  walls ;  and,  in  all  probability,  with  the  city,  they 
would  have  stood  an  assault,  trustiog  to  make  terms  in  or  to  secure  their  flight  from 
the  town. 

2.  The  attack  from  the  town  after  its  capture  was  most  judicious,  and  the  breaches 
on  that  side  would,  owing  to  the  destruction  of  the  great  mosque  magazine  on  the 
30th  December,  in  the  upper  line  of  works  in  the  citadel,  have  been  carried  with 
greater  ease  than  those  on  the  north-east :  this  fact  should  not  be  overlooked,  the 
site  of  a  breach  in  a  re-entering  angle  being  deemed  objectionable. 

Twenty-seven  days  were  occupied  in  the  operations  of  the  second  siege.  Some  of 
these  might,  perhaps,  have  been  saved,  and  it  is  easy  to  look  back ;  but  considering 
the  necessary  loss  of  life  in  accelerating  the  attack,  and  the  difficulties  incurred  in 
removing  rubbish  and  clearing  houses  for  the  emplacement  of  batteries  and  magazines 
incident  to  an  Indian  city,  the  time  that  might  have  been  gained  is  not  now  worth 
consideration. 

3.  As  for  the  details  of  the  siege,  the  following  may  be  worthy  of  notice  : 

The  engineers*  works  were  probably  too  much  in  advance  of  the  artillery ;  a  more 
acUve  enemy  might  have  taken  advantage  of  this ;  and,  as  a  general  rule,  the  defences 
should  be  ruined  before  the  sap  is  commenced.  The  fort  of  Mooltan  is  so  far  peculiar, 
that  it  might  be  impossible  to  silence  it  altogether ;  but  the  towers  of  the  advanced 
line  should  have  been  destroyed  at  an  earb'er  period  by  the  24-pounder8  in  battery 
near  the  Shumstabrez. 

4.  The  artillery  practice  was  most  excellent,  and  the  exertions  of  officers  and  men 
indefatigable.  It  is  impossible  to  overrate  the  service  rendered  by  the  8-}nch  and 
10-inch  howitzers.  The  walls  are  mostly  of  mud,  or  brick  and  mud ;  and  it  so  hap- 
pened that  the  part  selected  for  the  breach  was  very  defective,  a  mere  iacing  over  the 
old  walL  In  this  the  24-pounder  shot  brought  down  large  masses ;  but  where  the 
wall  was  sound,  the  shot  buried  themselves,  whereas  the  shells  penetrated,  and  then 
acted  as  small  mines.  Against  a  mud  fort  a  howitzer  must  therefore  be  considered 
£»  preferable  to  a  gun,  though  of  course  the  latter  would  be  more  efiiective  against  a 
weli-built  stone  wall.  The  inconvenience  of  howitzers  is  the  difficulty  of  preserving 
the  cheeks  of  the  embrasures.  The  iron  howitzer  might,  perhaps  with  advantage,  be 
lengthened. 


•  From  Mfi^or  Siddons'  (Bengal  Engineers)  *'  Account  of  the  Siege  of  Mooltan,"  published  in 
the  "Corps  Papers  "  in  February,  1850. 
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5.  Lieut.  Taylor,  Bengal  Engineers,  who  had  charge  of  the  engineer  park  daring 
the  siege,  contributed  greatly  to  the  security  of  the  gunners  by  the  supply  of  palm- 
trees  roughly  squared,  which  were  fixed  at  the  throat  of  the  embrasureB,  on  which 
shutters  of  4-inch  planks  were  hung  as  mantlets.  The  only  other  novelty  in  the 
engineering  operationa  was  the  attempt  to  construct  elevated  batteries  rapidly  by 
building  up  the  solid  portion  with  fascines  nine  feet  long,  of  which  there  was 
abundance.  Four  Officers  of  Engineers  and  two  Sepoy  sappers  erected  a  two-gun 
portion  in  little  more  than  half  an  hour,  all  the  material  being  close  at  hand  ;  such 
batteries  are,  however,  highly  inflammable,  and  once  on  fire^  cannot  be  extinguished, 
as  occurred  on  the  9th  January  in  one  of  them. 

6.  Captain  Siddons  proposed  a  field  powder-magazine  of  a  new  constmction  ; 
and  inasmuch  as  it  might  afford  sufficient  protection  against  the  vertical  fire  of  an 
Eastern  enemy,  and  would  save  much  expense  in  the  carriage  of  heavy  splinter- 
proof  timber,  it  might  be  expedient  to  experiment  and  report  on  it^  which  oould 
be  easily  carried  out  at  any  station  of  the  army  where  there  is  Artillery  practice. 

7.  Nine  to  ten  feet  of  parapet  was  found  to  be  ample  thickness  against  the  Mooltan 
artillery.*  In  a  portion  of  the  parallel  where  the  parapet  was  thinnest^  not  more 
than  five  feet  of  loose  earth,  a  14-pounder  shot  was  observed  to  strike  it  fully  and 
fairly  :  it  passed  through  into  one  side  of  the  revetting  gabion,  which  merely  fell  over 
into  the  trench  with  the  shot  inside  of  it :  the  distance  from  the  walls  was  110  yards. 

8.  The  concassion  produced  by  the  salvos  from  one  of  the  breaching  batteriei  which 
fired  over  the  trench  from  which  the  mining  operations  were  carried  on,  was  very 
pr^'udicial  to  the  progress  of  those  works,  and  the  want  of  casing,  in  substitaiton  of 
the  old  pattern  frames  and  sheeting,  was  very  much  felt. 

9.  No  siege  was  perhaps  ever  more  completely  supplied  with  engineers*  stores.  The 
period  during  which  the  siege  was  delayed,  pending  the  arrival  of  the  Bombay  Division, 
was  most  usefully  employed  by  the  Sappers  in  making  up  gabions,  Hetscines,  pickets, 
&c.,  at  a  town  called  Shoojahabad,  some  twenty  miles  in  rear  of  the  army;  while 
Lieut.  Taylor,  with  a  singular  zeal  and  ingenuity,  prepared  all  kinds  of  contrivances 
for  ftuulitating  siege  operations,  making  his  park  quite  a  show. 

10.  The  carriage  of  gabions  and  fascines  to  the  front  was  a  difficulty,  and  the 
fascines  were  made  in  lengths  of  nine  feet,  instead  of  eighteen  feet^  to  fiidlitate  this 
operation,  and  a  proportion  of  three  pickets  cut  for  each  fascine.  Both  fiucines  and 
gabions  were  carried  on  camels,  one  camel  carrying  ten  or  eleven  gabions  tied  on  in 
an  ingenious  manner  devised  by  Lieut.  Oliphant. 

11.  The  gabions  were  20  inches  in  diameter,  and  made  as  light  as  possible,  so  that 
they  did  not  suffer  in  the  carriage,  but  as  15,000  were  made,  and  12,000  fiMcines,  no 
deficiency  was  experienced.  The  sap-rollers  were  made  up  as  near  the  trenches  as 
possible. 

12.  Sand-bags  were  a  most  useful  engineers^  store,  and  were  in  abundanoe,  but 
very  much  wasted  by  the  troops  appropriating  them  to  their  own  use. 

13.  Phouras  are  useless  constructing  tools,  and  the  proportion  taken  of  them 

might  be  greatly  reduced. 

A  European  soldier  cannot  work  with  them  at  all,  and  the 
Sepoy  prefers  the  spade  after  a  couple  of  hours'  practice  with 
it.  There  is  another  advantage  in  giving  spades  to  the 
Sepoys  :  they  look  on  them  as  more  of  a  military  tool  than 
the  phoura  used  by  the  labourers  of  the  country,  and  they 
therefore  are  more  readily  disposed  to  take  them  up. 

'  Probably  firom  tbo  Inferiority  of  the  Sikhs'  gunpowder. 
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APPENDIX   II. 

Extract  from  a  Note  by  Captain  T.  W,  fficki,  Field  ComnUsiary  of  Ordnance, 

Bombay  JHvition,  April  8,  1849. 

Ist.  Oar  aiege-train  pUtforms  are  Bombay,  not  Madras,  and  were  invented  by  the 
late  Msgor  Millar  of  the  Bombay  Artillerj.  No  platform  can  be  better  for  siege 
ordnance  :  these  platforms,  daring  the  siege  of  Mooltan,  did  not  receive  fair  treatment, 
for  yarioas  reasons,  bat  chiefly  owing  to  my  heavy  ordnance  carriages  being  half 
Bengal  and  half  Bombay  pattern :  the  former  are  made  wider  in  the  axle-tree  than 
the  latter.  Bach  platform  was  made  to  fit  its  carriage,  and  the  component  parts  were 
numbered  to  correspond  with  the  number  on  its  own  carriage ;  yet,  consequent  on 
the  batteries  being  formed  at  night,  there  were  frequent  mistakes,  the  narrow 
carriages  being  put  on  the  wide  platform,  and  vice  verad.  The  platforms  we  used 
for  the  8-inch  howitzers  are  Bengal  patterns,  which  were  left  in  and  brought  up  by 
me  from  the  Sukher  Arsenal ;  we  hope  never  to  see  more  of  them.  The  Bengal 
10  and  8  inch  mortar  platforms  are,  I  think,  perfect ;  most  easily  put  together,  and 
comparatively  light.     We  hope  they  may  be  introduced  in  our  Presidency. 

2nd.  Tour  siege-train  carriages  are  better  than  oars,  owing  to  the  axle-trees  being 
wide,  felloes  much  wider,  limber-wheels  lower  than  the  gun-wheels,  consequently 
the  gun  travels  on  its  own  carriage  with  fiidlity  ;  the  weight  is  equal.  Our  heavy 
ordnance  carriages  are  too  slight.  Although  the  guns  may  be  moved  back  to 
travelling-holes,  yet  all  the  weight  is  on  the  axle-tree ;  the  muzzle  of  the  gun  is 
so  low  that  elephants  cannot  be  used  to  shove  it  on.  I  hope  to  see  our  heavy 
ordnance  carriages  improved. 

3rd.  8  and  10  inch  brass  mortars  have  long  been  abolished,  yet  this  description  of 
ordnance  was  years  ago  sent  ap  to  Scinde,  and,  for  want  of  iron  ones,  these  were 
broaght  on  for  service. 

APPENDIX    III. 

During  the  siege  of  Mooltan,  the  Bengal  artillerymen  were  so  few  that  it  was  found 
impossible  to  afford  a  relief  in  the  batteries  without  withdrawing  gunners  from  the 
troops  of  horse  artillery.  A  relief,  however,  was  thus  effected  daily  between  three 
and  four  p.x.  ;  which  was  found  the  most  convenient  hour  as  it  afforded  time  to  the 
relieving  officer  to  ascertain  his  range,  &c.  before  nightfall,  and  to  prepare  and  fix 
his  ammunition  for  expenditure  during  the  night.  It  was  convenient  also  for  the 
men  in  othe^respects. 

In  the  howitzer  batteries,  it  was  the  practice  to  receive  the  charge  ready  weighed 
out  from  the  magazine ;  but  in  the  mortar  batteries  the  charges  were  invariably 
weighed  out  in  battery.  The  bursting  charges  of  all  shells  were  received  in  battery 
ready  weighed  out  in  small  bags,  and  the  shells  were  always  filled  by  means  of 
a  funnel,  and  fuzes  prepared  and  set  by  means  of  a  fuze-bench  in  the  battery.  Live 
shells  were  never  sent  down  to  battery  from  the  magazine  ;  as  no  advantage  in  point 
of  time  was  to  be  gained  thereby,  the  preparing  of  shells  being  found,  in  the  hands 
of  expert  men,  to  fally  keep  pace  with  the  working  of  the  ordnance. 

The  practice  was  thus  rendered  very  much  more  satisfactory,  as  the  length  of  the 
fuze  could  be  altered  according  to  circumstances,  such  as  the  variation  of  strength  of 
powder,  which  was  found  to  be  most  dependent  on  the  state  of  the  weather,  and 
even  of  the  ordnance,  which,  as  the  day  advanced,  would  gradually  warm,  con- 
tracting the  dampness  of  the  powder,  and  rendering  necessary  an  alteration  in  the 
length  of  fuze. 
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The  effects  of  the  howitzers  employed  in  brcachiDg  was  a  subject  of  satisfibciioD 
and  astonishment  to  all ;  indeed  it  is  doubtful  whether  the  natural  mounds  of  tho 
fort  would  have  been  practically  breached  without  their  aid.  Eren  against  the 
brick -work  their  effects  were  conspicuous.  These  shells,  made  to  burst  at  the 
moment  of  contact  with  the  walls,'  afterwards  during  their  passage  through  the 
reyetment;  and  ultimately  with  a  longer  fnze  in  the  earth  beyond  it,  would  probably 
(against  such  masonry)  have  alone  effected  practicable  breaches  without  the  asustanoe 
of  hcayy  guns. 

At  a  distance  of  150  yards  both  the  8 -inch  and  10-inch  howitzers  were  employed 
in  breaching  a  scarp  wall,  part  of  which  was  invisible  from  the  battery,  and  only 
reached  by  a  plungiog  fire,  obtained  by  my  small  charges,  and  succeeded  admirably. 
At  a  distance  of  85  yards,  8-inch  howitzers  were  similarly  employed  with  a  charge  of 
8  oz.  ;  a  Ycry  low  Telocity  being  requisite  to  prerent  the  shell  from  burying  itself  too 
far  in  the  soft  earth.  Of  the  effects  of  the  yertical  fire,  nothing  could  hare  afforded 
a  dearer  proof  than  the  ruinous  appearance  presented  by  the  interior  of  the  fort  on 
its  surrender  ;  and  the  explosion  of  the  great  magazine,  which  took  place  within  one 
hour  of  its  site  being  indicated  to  the  batteries,  was  a  subject  of  congratulation 
to  the  Bengal  artillery  employed,  bearing  testimony  as  it  did  to  the  accuracy .^f  their 
practice. 

On  the  9th  January,  000  shells  were  fired  from  an  8-inch  mortar  battery  of  six 
pieces  in  twenty-four  hours,  and  the  mortars  did  not  suffer.  No  new  feature,  how- 
ever, presented  itself  from  the  employment  of  these  pieces,  nor  from  that  of  the 
heavy  guns,  which,  however,  vied  with  the  moi-tars  and  howitzers  in  utility  :  doubt- 
less it  is  by  a  judicious  combination  of  the  three  that  such  powerful  effects  are 
produced ;  but  it  may  be  worth  inquiring  whether,  in  the  siege-trains  employed 
against  fortresses  in  the  East,  built,  as  they  generally  are,  of  old  and  often  crazy 
materials,  a  greater  proportion  of  howitzers  might  not  be  used  with  advantage  in 
cases  where  no  particular  object  exists  to  curtail  the  trans[H>rt  of  the  shells,  which  is 
doubtless  great.  In  addition  to  what  has  been  above  stated  of  the  effects  of  these 
most  useful  pieces  in  mining  the  defences,  and  in  counter-battery,  which  was  con- 
spicuous throughout  the  siege,  it  may  be  remarked  that  one  shell  was  often  found 
sufficient  to  silence  the  fire  from  an  embrasure  of  the  enemy  for  a  whole  day. 

Rack-lashing  platforms  were  used  by  the  Bengal  artillery  throughout  the  siege  for 
the  guns  and  howitzers,  and  were  found  to  answer  most  satisfactorily  ;  and  the  tmall 
Bengal  mortar  platforms,  consisting  of  three  sleepers  upon  which  seven  strong  planks, 
each  four  feet  long,  were  pegged  transversely,  were  made  up  in  the  park,  and  thus 
taken  down  to  the  batteries,  where  they  were  expeditiously  laid,  and  i^ood  the  firing 
both  of  the  8 -inch  and  10 -inch  mortars  without  renewal  during  the  siege  ;  the  only 
difference  being  that  for  the  10-inch  mortars  other  sleepers  were  laid  transrenely 
beneath,  to  prevent  the  platforms  sinking. 

D.  Nkwall,  Lieut. -a'ljt.  Bengal  Foot  Artillery,  Mooltan  Field  Forces. 
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-   Augurs,  carpenten,' of  BiECR   , 
Aid,  pick,  vitb  heirea 
— helTee,  spare 

-  felling,  with  helien    . 
holTei,  spare 

-  pick,  9Bp,  with  helves 

minecB',  ditto 

— halves,  apare 

,    -  5  .  ■ . 


Buketa,  Ticker  hind 
fillip  hind  uitl  hook  . 
BotM  .... 
Boren,  jamper  . 

hud,  two  feet   . 

BnckeU,  woDdea  water 

Harrows,  band,  buiubaa 
'   Cakes  of  Indian  ink 
Cuidlea,  wax    . 
Chalk,  Earopeaa    . 
Cbanwal,  abont 
ChuDS,  lueaiuriog  100  feet 
ChieelB,  trimmer,  carpenters' 

Cloth,  csnTii,  European,  Cue,  fdi 
—  doBott«^  white  .  piect 
Cotton  .  .  nianndi,  about 
nes,  each  Q  ft.  long,  about 

—  picketi,  ftlioat 

t  Glne    .         .        .         .         It 
Qabioua     .... 
Gauges,  eahioQ 
Quanj,  Biagle,  Dew    ,  piecM 

^  Sunmera^  hand,  (iir  boring  ban 
tmitha'  . 

HalchelA,  haod,  with  helves    . 
Hid«B,  bnllock,  dreaeed 

half-drcB»eil    . 


4000 

3 

10,000 


I   Ladderi,  rajal  patent    . 

—  bamboo 

—  Msling  jointa    . 


Ladlea,  diunmeriDg     . 

Lamps,  miniog,  tin        ,         ,     . 

LauUrni,  dork  .         ,         .         , 

Lashing,  oountr?,  for  cauiel  alingi, 

Lead,  pig  .         .         .         .    Iba. 
Lerela,  orallRorta  ,         .     . 

oniverBal,  with  bo:i . 

Line,  Kootry,  log  .         .      akcin 
eeiiing .        skeina 

[  Malleto,  large     .... 


Uamoolica,  with  belr>^a 

without  ditto 

be!»eB,  apare 

Mining  atanahions,  7  feet 

6  feet    , 

S  feet 


■Ifeet 


- — --  pUoka,  sheeting 
Iiloongs    . 
r   Naila,  of  sorts,  about 
Neodlfs,  packing 


)   OiljCi 


jl  and  X 


-  muatard 
'   Palms,  Bteel 
FaulioR,  waxed,  smnll 
Paper,  Senunpore 

Penc'da,  lead,  H  H  H  . 

Plsnbt,  Gr,  IS  feet  long      , 

PortErea        .... 
Powder     .         .         .         .     IIh 
-  magDune  frames,  large 

— — BQuUl 

Planks,    sheeting,    seeaoo,   ama!!, 

(superficial  feet) 

L  Backs,  tool,  came] 

Rods,  meuuring,  1 
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RETURN  OF  ENGINEERS'   STORES— (Wl/mwerf. 


I 

s 


s 


Names  of  Stores. 


Number 
expended.     "% 


5 


Bods,  mcasoring   6  feet 

3  feet 

2  feet 


Rope,  white,  two-inch 
Sap-forks,  long  . 
Saws,  with  frames 

tenon,  carpenters' 

cross-cut 

hand 


Saucisson 
Scoops,  mineiV  . 
Screws,  small 
of  sorts  . 


spare 


Shovels,  with  heWes  . 
-helves,  spare 
mining,  with  helves 


fathoms 


yards 


—  sap,  with  helves 


Slings,  camel 
Spades  .        .        . 

Spirits  of  wine  . 
Steel    .... 
Stones,  grinding,  medium 
—  troughs 


lbs 


gallon 
lbs 


Spikes,  jagged  for  guns 

Tape,  common       .         .  bundles 

Newar,  1 4-inch  .  .  yards 

Thread,  cotton       .        .  lbs. 


(Signed) 


2 

11 

1 

50 

3 

1 

1 

1 

31 

300 

G 

10 

11 

1 

276 

80 

10 

24 

100 

50 

1 

84 
1 

1 

330 

104 

5500 

23 


W 


C 


G 


Names  of  Stores. 


Twine,  country,  hemp  .  lbs. 
Timbers,  splinter-proof,  8  feet     . 

12  feet  . 

Wax,  bees'  ...  lb. 
Windlass,  mining  .  .  •  . 
Wood,  baboot  .  .  pieces 
seesoo  .      pieces 


Number 
expended. 


planks,  3-inch  seesoo 
2-inch  seesoo 


PAOKAGE. 

Cases,  packing,  common,  large,  of 
sorts 


sorts      • 
Camel  bags,  old 
Cloth,  linen,  old 
-  wax,  old 


Cotton  wick 
Gunny,  single,  old 
H  I  Hemp,  country  or  jute 
L   Lashing,  country  . 

I  Line,  seizing,  country  . 
N  I  Nails,  iron,  of  sorts 
F  I  Paper,  packing  . 
R  jRope,  jute    . 
T  .Twine,  country.  No.  3 


small,  of 


.yards 

yards 

lb. 

yards 

Iba. 

lbs. 

.pieces 

Ttm. 

quires 

cwts. 

•    lbs. 


206 

171 

63 

i 
3 

419 

643 

10 

113 


i 


25 


4 

69 
10 
SO 

I 
100 

4 
48 
34 

3 

4 
2  10 
20 


Alexander  Tatlob,  Lieut.,  late  in  Charge  of  Engineen* 
Park  with  Mooltan  Field  Force. 


APPENDIX    V. 

Expenditure  of  Sh(d  and  S?iell  during  the  Operations  before  Mooltan, 

Goojrat,  March  4,  1849. 


Bengal. 

Fir»t 
OiMratioDS. 

Second 
Operations. 

TotaL 

24-pounder  round  shot     .... 

•  •  • 

4886 

4386 

18-poundcr      ditto 

400 

5011 

5411 

24-poander  case  shot        .... 

•  ■  • 

•  •• 

•  •  • 

24-pounder  Shrapnell  shell  .         .         .     . 

•  •  • 

•  •  • 

•  •  • 

18-pounder        ditto        .... 

150 

4 

159 

18 -pounder  case  shell 

•  •  • 

314 

314 

10-inch  common  shell       .... 

•  ■  • 

3450 

8450 

10-inch  case  shot       - 

•  •  • 

1 

1 

8-inch  common  shell         .... 

496 

7189 

7635 

5^-inch        ditto 

160 

2918 

3078 

54-inch  light-baUs 

■  •  ■ 

50 

50 

68  pounder  Shrapnell  shell  .         .         .     . 

100 

20 

120 

8-inch  case  shot 

8 

38 

46 

8-inch  carcases 

•  ■  • 

102 

102 

54-inch  ditto 

•  •  • 

30 

30 

(Signed)        T.  Chr 

ISTIE,  Lieut, 

Commissarv 

of  Ordnance 

Mooltan  Siege  Train. 

N.B.— Powder  expended  :->  Ordnance     ....    85,331  Ibe. 

Musketry        ....    20,530 


>f 
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APPENDIX    VI. 


Expenditure  of  Shot  and  Shell  daring  the  OperatUms  before  MooUan, 

Mooltan,  Febniary  5,  1849. 


Bombay. 

Pirst 
Operations. 

Second 
Operationa. 

Total. 

18-poander  round  shot       .... 

•  •  • 

3761 

8751 

18-pounder  case  shot 

206 

206 

8-ineh  Shrapnell  Shell        .... 

160 

260 

54*mch  or  24-poiiiider  ditto   .        .        .     . 

552 

552 

4{-inch  or  12-poiinder  ditto 

290 

290 

4|-inch  or  9-poimder  ditto      .         ... 

106 

106 

10-inch  common  shell         .... 

474 

474 

8-inch           ditto 

6075 

6075 

54-inch         ditto 

1876 

1876 

4f-inch  carcases 

10 

10 

8-inch  case  shot 

52 

52 

Hand-grenades 

680 

680 

Also  varioas  kinds  from  brass  field-gnns  ) 
employed  in  the  batteries  .        .        .     ( 

2582 

2582 

•  •  • 

From  a  paper  supplied  by  CSaptain  T.  M.  Hicks,  Field  Commissary  of  Ordnance, 

Bombay  Diyiaion. 

N.B.— Powder  expended 56,900  lbs. 


APPENDIX   VII. 


Return  of  Siege  Ordnance  in  haUering  Moohan, 


BJE50AL. 

BOMBAY. 

No.  of 

No.  of 

Description. 

Pieces. 

Description. 

Pieces. 

24-pounder  guns  • 

.     6 

18-pounder  guns. 

.     8 

18-pounder  ditto     • 

.     .     6 

8-inch  howitzers  . 

.     .     4 

10-inch  howitzers 
8-inch      ditto 

.     3 
.     .     4 

10-inch  mortars,  brass 

.     2 

10-inch  mortars   . 

.     3 

8-inch      ditto      ditto  . 

.     .     6 

8-inch      ditto 

.     .     6 

8-inch      ditto      iron 

.     4 

5i-inch  mortars,  brass  .        .        .4 
Total  number  of  Bengal  pieces       .  32 


54-inch  mortars,  brass . 


11 


Total  number  of  Bombay  pieces     85 


PROPORTIOK  07  O&DSAHOB  EMPLOTED. 

Quns 20 

Howitzers 11 

Heavy  mortars 21 

Light  ditto 15 

Total 67 


*  Exdusiye  of  fieli  artillery. 


SIEGE    0PERATIDN8   IN    INDIA. 


u 

Nnmb.r 

Wright 

A 

DoKTiption  or  BtoMS. 

of  each. 

of  BM;b. 

Pttn««l'<TwU(!hTeqi.ircd- 

Axes,  fall  iDg,vItl>helTN) 

300 

IS 

lt». 

( CatUng  down  tru^  bnuhwood, 
1      encmici' Jcfenee*,  ke. 

piok,common,*ltbi 

1000 

1  Intrenching  and  lapiODg. 

helres      .         .         .  j 

SN,B.-Th(w   in    store    weigh 

2E9 

n 

1      BomWimeafroraS  to  lOlba. 

miniug,  with) 

hdvB«        .           .           .( 

20 

2 

Mining  in  earth  and  mawnrj. 
1-12,000  for  rerrtting  and  repair- 
ing batteries,  7000  loading  and 

B 

Bags,  .and       .        .         . 

30,000 

' 

tamping  mines,  SOOO  luklng 
loopholes    and    sapping,    and 
500   Bpira.— N.B.     On  rocky  1 
I     ground,  50,000. 

Bamhoos,  targe   .         .     . 

200 

GO 

Tor  scaling-ladders. 

hollow      . 

100 

IS 

For  casinK  tubes. 
(  10,000  for  making  pickeU   for 

sniall        .        . 

17,000 

^ 

)     2000  gabions,  2000  for  EOOO 
1      fascine  pickets,  kc,  and  5000 

Harrows,  truck   .        ,     . 

6 

.15 

JDriTOB,   taminng,    and   loading 

BiirTila,  budge 

3 

161 

In    mining,   Cor    carrying   filled 
1      hose,  quick-mal«h,  fcc.               | 

Baskets,  wicker  hand  .     . 

4000 

14 

1  !q  mining,  making  hfttlMJos  ftud 

Bellows,  nuniug        . 

i 

For  ventilating  mines. 

smiths',     me- 1 

diam  fire,  with  franiMf 

2 

210 

For  tfl'o  smiths'  forges. 

oomplcle  .         ,         .  ) 

Bili-hooka       . 

2000 

21 

t  Cutting  bmshwood,  making  fas- 

Borax        .         .           Ihe. 

a 

Ht pairing  tools  and  slaK*. 

Unrpr.  mH.1i 

- 

1     bole^  &c. 

'BuckcM,  woodeii.         .     ■ 

iU 

p 

(  Holding  water  to  extjngitisli  Ercs, 
f      baling  wattr  ont  of  mines,  &c 

c'caEdl(«,wai.           .      Ita, 

100 

Lighting  mine*,  inj. 

Chwns,  mtMuring  (100  1 
1     or  60  feet)  .         .     . 

i 

20  or  35 

Measuring  mines,  trenches,  ke. 

CUwod   .         .           tti. 

100 

Ilaking  and  replug  tools. 

Cheraux-de-friM      .  feet 

1000 

I  PrcitecUng  the  flanks  and  rear  of 
(      field-works. 

!  Cloth,  w«.ed,jarJs,  50,  ) 

i  CDTering     bogs   of    powder    in 

or  piKCB  .        .         .  ! 

i      loading  rainea.  kc. 

Compass,  box,  miQing      , 

3 

la  mining  and  tracing  field-works. 

: Crows,   iron,   Urge  and) 

1  GreskiDg  down  defends,  mining 

:     small       . 

j       in  maaonr)',  ke. 

F  .FIas^  park,  with  fltafr,  1 
1     kc,  compute   .        .  \ 

1 

100 

Distingnishing  the  engmeer  park. 

1  Porks,  sap,  long       , 

20 

Di 

(Sapping,    and    for    setting    up 
scalinjE-laddan. 

Q  Oangts,  gabion   .         .    . 

SO 

r     ;  "  Making  ^biona.                            1 

*3hee     .        .         .      Ba. 

JOO         Suming  in  the  mines. 
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STORES  RSQUIRIO  TOR  AN  IHOIVUK  PARK — OmtiniUd, 


>4 
2 


H 


K 
L 


M 


N 

0 
P 


R 


DMcriptlon  of  Stores. 


Ganny,  3|  x  2J  yds.,  pieces 

Hatchets,    hand,     with 

helves 
—  ■  hclTes 

spare       . 

Hammers,  sledge 

Hooks,  sap,  loDg  and  short 
Iron,  bar,  European 
country 


Knives,  laboratory 
Lanterns,  dark 

horn   . 


Lamps,  mining 

Levels,  gronnd,  squares ) 
and  Wels,  of  sorts,  > 
with  bobs    .         •     •  ) 

Line,    country,     seizing 
skeins  (50  yards) 

log,  bun- 


dles (50  yards) 
park,  feet . 


Linen,  dosottee,  pieces 
Mallets,  large 

-^—  small . 


Match,    slow,    country, 
bundles 
quick  . 


i! 


Mamooties,  with  helves 
.  helves, 


spare        .        • 
Measures,  powder,  lai;ge 

and  small  .  .  . 
Needles,  sail  and  sewing 
Nails,  of  sorts 

Oil,  mustard    .     gallons 

Palms,  steel        .        .    . 

Pickets,  park  • 

Picks,  pushing    .         .     . 

ventilating,   400  ft. 

Planks,  i  in.  thick,  and 

from  4  to  12  ft.  long  . 
1 J  in.  thick,  and 

from  4  to  8  ft.  long 
Saul,  24  inches 


Number 
of  each. 


thick,  and  from  4  to 

12  feet  long 
Portfires. 
Powder,  ordnance  .     .    . 
Rammers,  earth 

Ratans,  10,000,  or  bandies 


100 

100 

20 

6 
10 

•  •  • 

•  •  • 

100 
10 
12 
40 

12 

50 
100 

1000 

30 
50 

800 


10 
2000 

500 

4 
200 

•  •  • 

3 

20 

100 

20  1 
100 

200 
600 

120 

15 

•«• 
100 

100 


.Weight 
of  each. 


lbs. 
3 

2i 

14 
25 

400 

200 
1 

1' 
2 

i 
5  to  10 

n 

140 

3} 
20 

6 

1 

10 

7 

14 
6&4 

•  •  • 

50 
8 

12 
2 

•  •  • 

10  to  30 
80  to  CO 

150 

1 
5000 
15i 

15 


Purpose  for  which  required. 


Making    cotton    bags,    covering 
backs  of  scaling-ladders,  &c. 

Catting  thick  brushwood,  large 
pickets,  &c. 

Breaking    stones    and  removing 

obstructions. 
In  sapping. 
Making  and  repairing  tools  and 

stores. 
Cuttbg  string,  &c. 
Loading  mines,  serving  out  tools 

and  stores  at  night. 
Lighting  mines. 

In  mining,  and  tracing,  levelling, 
and  revetting  field-works. 

Tying    scaling-ladders,    making 
rope,  ke. 

Tracing. 

Marking   boundary  of   engineer 

park. 
Making  hose. 
Driving  large  pickets. 
Driving  tracing  and  other  small 

pickets. 

Lighting  mines. 

Ditto        ditto. 
Intrenching,  &c. 

Replacing  broken  onesand  making 
fascines. 

Measuring  powder. 

Making  hose,  cotton  bags,  &c 
Making  mining-tubes,  boxes,  &c. 
Cleaning  and  preserving  tools  and 

stores. 
Sewing. 
Marking  the   boundary    of   the 

park. 
Mining.   . 
Ventilating  mines. 

Profiling,  mining,  &c. 

Making      mine     sheeting     and 
framing. 

Making  powder-magazines. 

Firing  mines. 
Ditto. 

Making  field-works. 
I  Tying  fascines  and  making  light 
gabions. 


SIE8E    OPERATIONS   IN   INDIA. 
3  BiquiKED  FOR  AH  BiralHEEH  PARE — ttntintud. 


i 

DcKriptloQ  c!  Storei. 

Number 
olewh. 

Wright 
ofeaeh. 

Purpose  for  which  leqiih-ed. 

Ite. 

RhIh,  cnmp,  with  liuea    . 

E 

20 

Tracing. 

Eojie,  jute,  eVeine  of  30  jds. 

3S00 

21 

Tying  Seines,  tc. 

Rods,  mtusuring.  10  f«t  . 

EO 

3i 

1 

\  Tracing,  sapping,  anJ  mining. 

8 

.Sawa,  troM-sut         .         . 

2 

J 

Cntting  np  timbera. 

—   hand         .        .     . 

80 

2 

Cutting  up  fasdnci,  &e. 

ShureU   .        .        .        . 
1 hclrea,  spare  .     . 

1000 
260 

5' 

1 niining 

SO 

Mining. 

Sv^-h,         .          .          .     . 

SO 

ej 

lutrencbiue  and  cutting  soda. 

Spirits  uf  wins         eallon 

1 

7 

Mim.B. 

ISleel 

10 

Illaking  nod  repairing  teoU. 

jStonos,    grinding,     vrlth  1 

2 

200 01 300 

Sharpening  and  repairiug  tools. 

Scatei,  largF,  villi   iri-  ) 

1 

1     Ragle,  &<:.        .        ,   1 

1  Weighing  stores. 

|— medimD,  cqpper 

1 

13i 

iBp«n,SaBl,  liu.siuare,  j 

40  tcfl7 

'      aciiatnlDfevlloag 

/  Making    mine-fnunes  j     makiog 

1 Gip.  square, 

(      and  repairing  tools  and  stona.  | 

1     nnd  19  fwt  long       .    | 

'                                                       1 

T    Tulle,  Newar  .         yard* 

3000 

300 

Tracing  St  night. 

Tallow         .          .          . 

... 

JO 

Preserving  stores,  grewing  track- 
wheels,  Ac. 

^Tarpanlini,  I7xIIfott    . 

30 

7a 

Protecting  stores  from  the  weather 
and  powder  from  damp. 

1 

1120 

'.  omali     . 

1019 

ther. 

Tin,  .heeta      .        . 

25 

1 

Msking  and  repaiiing  TCDtUating- 
mbea. 

Thread,  cotton,  couu 

40 

For  Isiop-wieJis. 
Msking  hose,  &c 
Sawing  gunny,  kn. 

Twinp,  country,  hemp  .     . 

::: 

20 

moonge 

4000 

(Tjing  casing-tubes,  making  gi- 
l     bions,  Ac 

Tool>,  carpenters'      chest 

1 

IfiS 

1  Making  and  repairing  tools  and 

332 

mluine      .      cheatB 

3 

51 S 

I  Mining  in  rock  aixl  masonry. 
\     N.l).  Tbesw  sets  of  took 

W 

ffw,  bees'      . 

1 

1 

For  the  nss  of  tlie  lulon. 

iWdghto,!™™    .         Bet 

1 

2 

[For  weighing  small   articles  of 
I     store. 

I 

les 

For  weighi  ng  krgo  articles  of  store. 

Jft;EPa  TiTLOB,  Major. 

W  R.  FmOtmuf,  Captain, 

J.  Tnonsoa,  CaptAin- 
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SIEGE,  IRREGULAR.* — An  irregular  or  accelerated  attack  (atlaque  brusque)  la 
one  in  which  the  tedious  forms  prescribed  for  the  reduction  of  fortresses  are  wholly  or 
in  part  dispensed  with,  and  much  judgment  is  required  in  the  General  and  the  Engineer 
to  know  when  it  may  be  applied  with  effect ;  that  is,  to  reject  each  form  in  precise 
proportion  to  the  defects  of  the  place  or  the  force  of  circumstances,  and  no  further  ; 
for  there  must  be  more  or  less  risk  of  failure  in  operations  so  conducted,  if  applied 
in  excess,  whereas  nothing  ought  to  be  more  certain  than  the  result  of  those  that 
are  conducted  on  regular  Siege  principles. 

Two  leading  causes  may  justify  such  an  accelerated  attack  : 

I.  Defects  in  the  fortifications,  or  in  the  state  of  the  garrison  and  its  supplies, 
admitting  of  a  roluntary  and  reasonable  course  of  proceeding  for  shortening  the 
operation. 

u.  The  force  of  circumstances  in  the  condition  of  the  army  attempting  the  reduc- 
tion of  the  place,  which  may  oblige  the  Commanding  Genenil  to  an  irregular  pro- 
ceeding that  would  be  otherwise  unjustifiable. 

Nothing  can  be  more  precise  than  the  principles  for  the  reduction  of  any  fortress, 
and  nothing  mgre  imprudent  than  to  deviate  from  them  unnecessarily  ;  but  the 
ordinary  rules  dednced  from  those  principles  assume  the  fortifications  to  be  well  pro« 
vided  with  everything  requisite  for  a  good  defence. 

In  proportion  as  either  of  these  are  defective,  the  regular  forms  that  otherwise 
would  be  required  may  be  dispensed  with.  The  following  are  among  the  cases  in 
which  advantage  may  be  taken  of  these  defects  : 

1.  Treachery,  or  very  culpable  negligence  on  the  part  of  the  garrison,  may  admit  of 
a  place  being  taken  by  surprise  ;  but  this  may  happen  to  the  strongest  and  best  pro- 
vided fortress,  and  is  not  meant  to  be  treated  of  in  this  article. 

2.  A  General  may  be  frequently  justified  in  making  an  assault  by  escalade,  where 
a  place  is  under  a  combination  of  any  of  the  following  risks  :  if  it  has  escarps  not 
exceeding  24  feet  in  height,  or  wholly  or  in  part  unflanked,  no  revetted  outworks,  nor 
a  wet  ditch,  or  a  garrison  extremely  weak  in  number,  in  proportion  to  the  extent  of 
the  enceinte. 

3.  If  the  fort  or  fortress  is  of  small  interior  capacity,  unprovided  with  adequate* 
bomb-proof  cover,  and  the  attacking  force  is  well  supplied  with  artillery  and  pro- 
jectiles, particularly  with  mortars  and  shells,  it  is  frequently  to  be  reduced  by  bom- 
bardment alone.  Large  populous  towns  have  been  reduced  by  a  general  bombard- 
ment directed  on  the  houses,  lives,  and  property  of  the  inhabitants ;  but  this  is  an 
unmilitary  proceeding,  and  in  modem  days  considered  an  unjustifiable  course,  fre- 
quently resisted  with  success,  when  the  assailant  will  be  compelled  to  retire  with  odium 
as  well  as  disgrace. 

4.  The  rules  laid  down  for  siege  operations  comprise  a  variety  of  works  and  pro- 
ceedings for  surmounting  the  distinct  impediments  that  are  presumed  to  exist  for  the 
purpose  of  retarding  the  besiegers.  In  proportion  as  the  garrison  shall  be  without 
the  means  of  applying  those  impediments,  the  works  defined  to  overcome  them 
will  become  unnecessary.  Thus,  if  the  strength  or  composition  of  the  garrison  or  the 
nature  of  the  ground  will  prevent  sorties,  such  part  of  the  parallels  as  serve  for  the 
guard  and  defence  of  the  trenches  will  become  superfluous  ;  and  for  the  same  reason 
the  first  works  may  be  greatly  advanced,  for  the  fire  of  the  artillery  will  not  prevent 
the  trenches  being  opened  and  established  very  near  the  place.  Again,  if  the  escarps 
of  the  body  of  the  place  are  exposed  low  enough  to  be  effectively  breached  from  a 

*  By  Oenoral  Sir  John  F.  Burgoyne,  Bart.,  G.C.B.  and  R.E. 
VOL.  IIT.  B  E 
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distance,  the  serious  difficulty  and  delay  of  establishing  breaching  batteries,  yerj 
close,  may  be  avoided ;  and  if  connected  with  this  disadvantage,  the  breaches  so 
formed  have  at  the  time  no  available  flanks,  and  are  not  covered  by  outworks,  or 
only  by  such  as  are  very  imperfect ;  the  advance  of  the  storming  parties  may  be  also 
from  a  distance.  Although  the  breaches  maybe  opened  from  a  distance,  it  will  not 
be  done  until  the  besieger  is  in  a  position  to  storm  them  as  soon  as  they  become 
practicable. 

5.  Again,  if  the  garrison  is  very  short  of  artillery  and  ammunition,  great  liberties 
may  be  taken  in  the  progress  of  the  siege. 

Advantage  ought  to  be  taken  of  all  such  circumstances  as  above  enumerated,  under 
any  condition  of  the  army  of  attack, — using  judgment  and  consideration,  however,  as 
to  the  extent  to  which  deviations  from  ordinary  inractice  may  be  justifiable. 

Occasions,  however,  arise  where  a  General  has  only  the  alternative  of  attempting 
these  irregular  operations  against  fortifications  not  strictly  exposed  to  them,  or 
of  foregoing  important  advantages  that  would  be  open  to  him  by  the  rediicti(Hi  of  the 
places. 

He  may  be  essentially  wanting  in  the  necessary  equipment  for  the  siege  in  form,  in 
quality,  in  quantity,  or  in  all  these  ;  or  he  may  not  be  master  of  the  proper  season, 
or  not  possess  a  knowledge  of  a  power  in  the  enemy  to  bring  against  him  a  suffident 
army  to  oblige  him  to  raise  the  siege,  before  the  period  upon  which  he  can  rea* 
sonably  calculate  as  necessary  for  the  termination  of  the  process  of  a  regular  siege. 
In  thesd  cases  he  must  well  calculate  his  means  and  the  consequences  of  the  enteipiue, 
which  may  be — 

1.  The  time  and  sacrifices  that  will  probably  be  required  by  the  most  energetic  pro* 
ceedings  it  is  in  his  power  to  adopt. 

2.  The  probability  of  success  or  failure. 

3.  The  consequences  in  either  case,  or  of  the  alternative  of  the  more  cautious 
system  of  not  making  the  attempt  at  all. 

No  more  striking  illustrations  of  operations  of  this  character  can  be  given  than 
those  of  the  sieges  in  the  Peninsula  by  the  Duke  of  Wellington, — all  of  them,  by  the 
force  of  circumstances,  carried  on  necessarily  against  both  rule  and  principle.  In 
some,  time  could  not  be  given  for  a  siege  in  form  ;  in  most,  there  was  a  deficiency  of 
arUllery  means,  owing  to  the  difficulty  of  transport  in  that  country  ;  and  in  all,  the 
Engineer  departments  in  organization  and  means  were  thoroughly  inefficient.  In 
Jones's  '  Sieges '  wUl  be  found  many  interesting  lessons  in  these  irregular  attacks  of 
places,  exhibiting  their  hazardous  chai-acter,  and  how  success  was  so  often  obtained 
solely  by  the  admirable  dispositions  of  the  General  commanding,  the  seal  and  devo- 
tion of  the  Officers  of  the  Ordnance  Corps,  and  the  energy  of  the  troops. 

J.  P.  B. 


SIEGE  AND  ENGINEER  EQUIPMENT.— This  subject  is  now  again 
under  consideration  in  order  to  perfect  the  necessary  arrangements  for  the  transport 
of  engineer  stores,  &c.  As  a  result  of  the  late  war,  there  is  now  an  engineer-train, 
with  waggons,  as  a  nucleus  for  further  operations ;  but  to  be  really  effective  it  requires 
to  be  very  largely  augmented,  and  some  changes  introduced  in  the  organisation.  All 
the  stores  required  by  the  engineers, — except  the  tools  for  ordinary  working  pariieSy 
which  should  be  carried  in  bulk, — including  a  complete  pontoon-train,  similar  to  that 
recommended  by  Captain  Fowke,  £.£.,  should  be  conveyed  with  the  foroe  bj  the 
engineer-train,  well-horsed,  so  as  to  ensure  their  keeping  up ;  and  the  waggons  for  a 
company  should  be  so  arranged  that  the  men  of  the  company  maji  if  neoeesary,  be 
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ed  apaa  then 
one  forge  cart 

in  rapid  moremanti.     The  present  arrangement 
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9 
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.       2 
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(Canadian)    . 
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^^8  ft. 

Levels,  £cld  aerrioe 

(Tracing,  ,10  jds. 
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SOD- WORK.* — JUvetmeni  of  Sodt.—Sod-yrork  forms  a  strong  and  durable 
reTetment :  f  the  sod  shoald  be  eat  from  a  well-olothed  sward,  with  the  grass  of  a  fine 
short  blade  and  thickly  matted  roots.  If  the  grass  is  long,  it  should  be  mowed 
before  the  sod  is  cut. 

Sods  are  of  two  sizes;  one  termed  "stretchers,"  12  inches  square  and  4 J  inches 
thick ;  the  others  tenned  "headers,"  are  18  inches  long,  12  broad,  and  H  thick. 

The  sod  reyetment  is  commenced  as  soon  as  the  parapet  is  raised  to  the  level  of 
the  tread  of  the  banquette.  A  layer  of  sods  is  then  placed  either  horizontally  or 
inclined  a  little  inwards  t  Arom  the  banquette  :  the  layer  consists  of  two  stretchers 
and  one  header  alternately,  the  end  of  the  header  laid  to  the  front.  The  grass 
inside  is  laid  downward,  and  the  sods  should  protrude  a  little  beyond  the  line  of  the 
interior  slope,  for  the  purpose  of  trimming  the  layer  even  before  laying  another,  and 
to  make  the  slope  reguhir.  The  layer  is  firmly  settled  by  tapping  each  sod  as  it  is 
laid  with  a  spade  or  a  wooden  mallet,  and  the  earth  of  the  parapet  is  packed  closely 
beyond  the  layer. 

A  second  layer  is  placed  on  the  first,  so  as  to  cover  the  joints,  or,  as  it  is  termed, 
to  break  joint  with  it ;  using  otherwise  the  same  precautions  as  in  the  first.  The 
top  layer  is  laid  with  the  grass-side  up,  and  in  some  cases  pegs  arc  driven  through 
the  sods  of  two  layers,  to  connect  the  whole  more  firmly. 

When  cut  from  a  wet  soil,  the  sods  should  not  be  laid  until  they  are  i)artinlly 
dried ;  otherwise  they  will  shrink,  and  the  revetment  will  crack  in  drying.  In  hot 
weather  the  reTetment  should  be  watered  frequently  until  the  grass  puts  forth.  The 
sods  are  cut  rather  larger  than  required  for  use,  and  are  trimmed  to  a  proper  size. 

G.  a.  L. 

STAFF.— -In  the  British  Service  the  S((nff  of  the  Army  is  composed  of  the  following 
I>epartment8 : 

1.  The  Quarter-Master-General ; 

2.  The  Adjutant-General; 
Q.  The  Military  Secretary. 

These  form  component  parts  of  the  Horse  Guards,  London,  the  office  of  the  General 
Commanding  in  chief,  and  through  which  departments  of  the  army  all  business 
is  transacted  of  which  that  high  personage  has  the  control,  and  which  is  limited  to 
the  pertonel  of  the  army,  the  finance  being  a  separate  and  independent  branch  under 
the  Secretary  at  War,  holding  a  seat  in  Parliament,  and  a  Cabinet  Minister,  who, 
since  the  abolition  of  the  Board  of  Ordnance,  has  charge  also  of  the  rnatind. 

The  duties  of  the  Quarter-Master-Oeneral  embrace  the  disposition,  movements, 
and  quartering  and  embarkation  and  disembarkation  of  the  troops. 

Those  of  the  Adjutant-Oeneral  include  the  economy,  discipline,  recruiting,  clothing, 
and  general  efficiency  of  the  service. 

The  duties  of  (he  Military  Secretary  are  the  general  correspondence  with  the 
Commander-in-Chief,  and  the  apx)ointment  and  promotion  of  the  officers  of  the 
Army. 

The  peculiar  constitution  of  the  government  of  Her  Majesty^s  Land  Forces  arises 


»  From  a  Treotiso  on  Field  Fortification,  by  D.  H.  Mahan,  Professor  in  the  United  States' 
Military  Academy, 
t  For  the  interior  slopes  of  parapets  and  profile  walls. 
t  That  is,  perpendicular  to  the  Interior  slope. 
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from  the  natural  jealousy  of  a  free  Stete,  where  the  people  arc  aTene  to  militaiy 
goTernment,  and  are  willing  to  distribate  the  patronage  and  control  among  as  manj 
independent  departments  as  possible,  without  absolutely  impeding  the  working  of 
the  system.  During  peace,  the  several  duties,  comprising  Personfl,  Finance^  and 
Mat(riely  do  not  clash,  and  being  under  the  control  likewise  of  the  SoTerdgn  and  a 
responsible  government,  the  business  of  the  army  is  carried  on  without  difficulty. 
As  adjuncts  to  the  staff  at  the  Horse  Guards,  are  the  Medical  Department,  the 
Chaplain  Generars  Department,  and  Judge  Advocate's  Department,  subject  to  the 
control  of  the  Commander-in-Chief. 

These  departments  are  attached  to  the  head-quarters  of  an  army,  or  the  diviiions 
of  an  army  in  the  field,  in  the  colonies,  and  in  the  several  military  districts  at  home, 
each  having  a 

Deputy  or  Assistant  Quarter-master-G^eral ; 

,,  ,,         Adjutant-General ; 

Military  Secretary; 
Senior  Medical  Officer  : 
Commissary  General ; 
Commanding  Officer  of  Artillery ; 
Commanding  Engineer  ; 

the  four  last  beicg  heads  of  departments,  reporting  likewise  to  the  Chiefr  of  Depart- 
ments in  England ;  but  the  duties  of  the  first  are  identical  with  those  of  the  Horse 
Guards,  with  the  addition  to  the  Adjutant-Gkneral  of  the  regulation  of  the  supply 
of  musket-ball  ammunition,  and  to  the  Military  Secretary  of  recording  the  expen- 
diture authorised  by  the  commander  of  the  forces. 

The  officers  of  the  Quarter-Mastcr-Generars  department  in  the  field  hays  special 
duties  entruHted  to  them,  which  the  foUo^-ing  order  of  the  late  General  Sir  George 
Murray,  Qoarter-Master-Gcneral,  to  his  officers  in  the  Peninsular  war,  will  exphun. 

''The  following  points  are  to  be  particularly  attended  to  by  an  officer  of  the 
Quarter-Mastcr-Generars  department  attached  to  a  division  of  the  army  or  to  any 
other  corps  : 

"  He  is  to  be  at  all  times  informed  of  the  strength  of  the  corps  to  whidi  he  is 
attached,  what  detachments  have  been  made  from  it,  on  what  service,  and  to  what 
places. 

*'  He  is  to  be  generally  informed  in  regard  to  the  supply  of  the  troops  with  pro- 
visions and  forage,  to  know  whence  the  supplies  are  drawn,  whether  the  issues  are 
reguUir,  and  what  means  of  conveyance  are  attached  to  the  division  or  are  within 
reach  of  being  applied  to  its  use  either  for  commissariat  purposes  or  for  other  services 
that  may  occur. 

'*  He  will  attend  to  the  division  bebg  kept  complete  in  articles  of  camp  equipage, 
intrenching  tools,  mules,  and  such  other  equipments  fur  the  field  as  are  allowed,  and 
he  will  collect  and  transmit  to  the  Quarter-Master-G^eral  the  returns  which  regiments 
are  ordered  to  give  in,  monthly,  of  articles  of  field  equipment,  a  form  of  which  return 
is  annexed  (B). 

*'  It  is  the  duty  of  the  Assistant  Quarter-Master-General  to  allot  the  quarters  of 
the  division  when  it  is  cantoned,  and  to  fix  upon  the  ground  which  it  is  to  occupy 
when  it  is  encamped  or  hutted,  or  when  the  troops  are  to  bivouac 

''When  the  whole  division,  or  a  considerable  part  of  it,  is  to  be  quartered  in  the 
same  town  or  village,  it  may  save  time  to  divide  the  houses  into  loti^  and  allow  the 
several  corps  to  draw  for  them  (unless  some  particular  distribntioii  of  the  troops  has 
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been  ordered),  maldng  allowaaoes  afterwards  for  inequality  of  strength,  as  maj  be 
necessary. 

*'  The  allotment  of  the  quarters  of  each  corps  in  detail  mnst  be  made  by  the  regi- 
mental Quarter-Masters  or  other  Officers  sent  forward  by  each  with  the  Assistant 
Qoarter-Master-Qeneral  for  that  purpose ;  in  like  manner  as  it  is  their  business  to 
divide  the  ground,  and  mark  out  the  streets,  for  their  respective  regiments,  when  the 
troops  encamp. 

'*  Regimental  Officers  mnst  at  all  times  take  their  quarters  within  the  district  of 
the  town  which  is  attached  to  their  respective  corps. 

*'The  General  Officers  who  command  brigades  should,  if  possible,  be  quartered  also 
in  the  ricinity  of  the  troops  under  their  orders. 

*^  The  quarters  of  the  General  Staff  attached  to  the  division  should  be  fixed  with 
reference  not  to  their  rank  alone,  but  more  especially  with  a  view  to  the  convenience 
of  those  branches  of  the  Service  which  they  have  to  conduct,  and  to  their  being  near 
the  quarters  of  the  General  commanding  the  division. 

**  The  guns  and  carriages  of  the  Artillery  should  be  parked  in  some  open  space 
where  they  are  not  in  the  way,  and  whence  there  is  easy  access  to  the  road :  an 
Officer  of  Artillery  should  be  sent  forward  to  assist  in  the  arrangements  for  that 
branch  of  the  Service,  in  like  manner  as  an  Officer  should  be  sent  from  each  regiment 
and  department. 

''The  Oommissariat  I>epartment  should  be  placed  in  a  situation  where  the  carts 
and  mules  attached  to  it,  or  the  making  the  issues  to  the  troops,  will  occasion  the 
least  possible  obstruction  and  embarrassment. 

'  *  A  guard-room  should  be  marked  in  the  situation  most  convenient  for  the  pur- 
pose, and  alarm-posts  should  be  assigned  to  the  several  corps ;  it  will  rest  with  the 
General  Officers  of  the  division  to  order  whether  or  not  the  several  regiments  shall 
march  to  their  alarm-posts  on  their  first  arrival  at  the  cantonment,  and  be  from 
thence  distributed  to  their  quarters. 

''It  is  desirable  that  the  Generals  should  each  send  forward  an  Officer  of  their 
personal  staff  to  mark  their  quarters,  as  it  must  frequently  happen  that  the  Assistant 
Quarter-Master-Gkneral  is  prevented  by  his  other  duties  from  making  the  best  selec- 
tion for  them  that  the  place  affords. 

"  It  win  depend  upon  circumstances  whether  or  not  the  Assistant  Quarter-Master- 
General  can  precede  the  march  (which  on  all  ordinary  occasions,  however,  he  ought 
to  do)  long  enough  to  enable  him  to  complete  all  the  arrangements  above  mentioned 
before  the  arrival  of  the  troops. 

"The  Assistant  Quarter-Master-General  should  lose  no  time  in  making  himself 
acquainted  with  the  country  in  the  neighbourhood  of  the  cantonments,  and  he  should 
make,  at  the  same  time,  a  tracing  or  sketch  of  it,  showing  the  situation  of  the  several 
villages,  the  roads  by  which  they  communicate^  the  rivulets,  &o. 

"He  will  receive  the  orders  of  the  GFeneral  Officer  commanding  the  division  in 
regard  to  placing  the  outposts  or  picquets  that  are  deemed  necessary,  the  instructions 
to  be  given  to  each,  and  the  connection  to  be  established  with  the  outposts  of  any 
other  corps. 

"  When  two  or  more  divisions  are  to  take  up  their  quarters  in  the  same  town,  or 
are  to  encamp  together,  the  several  Officers  of  the  Quarter-Master- Gfeneral's  depart- 
ment who  are  attached  to  them  will  make  their  arrangements  in  concert,  as  may  be 
best  for  the  Servioe  in  general.  The  senior  Assistant  will  be  responsible,  however, 
that  no  improper  interference  and  no  dehiy  in  providing  for  the  accommodation  of  the 
troops  take  place. 

"  When  a  division  marches,  it  will  be  the  business  of  the  Assistant  Quarter-Master- 
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General  (if  not  previously  sent  forward)  to  see  the  column  formed,  and  to  take  care 
that  the  several  corps,  the  artillery,  the  baggage,  &c.,  are  all  in  their  proper  plaoea* 
and  that  there  are  no  unnecessary  intervals  during  the  march :  he  will  be  with  the 
advanced  guard  (if  not  otherwise  ordered) ;  he  will  cause  all  obstacles  that  would 
interrupt  or  delay  the  march  of  the  ti*oop8  to  be  moved  out  of  the  read,  and  will  order 
such  temporary  repairs  as  are  necessary,  and  as  can  be  effected  by  the  pioneers  at  the 
head  of  the  column. 

*^In  most  ordinary  cases,  however,  the  repairs  of  roads,  bridges,  &c.,  requisite  to 
facilitate  the  march  of  troops  should  be  done  by  the  people  of  the  country,  upon  an 
order  to  the  magistrates  from  the  General  or  other  Officer  commanding  in  the  neigh- 
bourhood, for  that  purpose. 

**When  the  division  is  to  encamp,  it  is  the  business  of  the  Assistant  Quarter- 
l^Iaster-General  to  pomt  out  the  ground  to  be  occupied,  and  show  how  it  is  to  be 
taken  up  :  he  will  ascertain  and  point  out  how  the  troops  oan  enter  the  camp  with, 
the  greatest  ease,  where  wood  and  water  are  to  be  found,  and  what  communications 
must  be  opened  either  between  the  several  corps  of  the  division  itself  or  to  enable  it 
to  communicate  with  other  divisions  on  either  flank  in  front  or  in  rear. 

''On  ordinary  marches,  it  will  in  general  be  unnecessary  to  take  up  as  a  military 
position  the  ground  to  be  occupied,  and  it  will  be  better  to  place  the  troops  in  such  a 
manner  as  will  be  most  convenient  for  wood  and  water,  for  shelter,  and  for  moving 
into  the  road  again  on  the  next  march  :  the  troops  will,  by  such  attenticms,  be  sayed 
from  a  great  deal  of  unnecessary  fatigue,  in  which  view  also  they  must  neTer  be  kept 
waiting  for  their  quarters  or  their  ground  of  encampment  at  the  end  of  a  march,  as 
all  arrangements  that  depend  upon  the  Officers  of  the  Quarter-Master-Geneial's 
department  ought  (except  in  extraordinary  cases)  to  be  completed  before  the  troops 
arrive. 

''An  Assistant  Quarter-Master-General  employed  with  a  division  of  the  army 
ought  to  have  an  interpreter,  and  he  will  be  allowed  to  charge  his  pay  in  his  contin- 
gent accounts,  having  previously  reported  the  rate  of  pay  to  the  Quarter-Master- 
Goneral,  and  oMained  his  sanction  for  it. 

"He  must  be  constantly  provided  with  guides  also,  when  the  division  is  in  the 
field,  and  more  especially  if  it  is  moving  or  acting  separately  from  the  body  of  the 
army,  so  that  in  the  event  of  any  sudden  movement  of  the  whole  divisbn,  or  of  any 
detachment  from  it,  either  during  the  day  or  night,  guides  may  be  always  at  hand  : 
such  should  be  selected,  if  possible,  as  are  not  only  capable  of  showing  the  road  fit)m 
one  place  to  another,  but  as  are  also  men  of  intelligence,  and  who  have  a  general 
acquaintance  with  the  neighbouring  country :  these  guides  ought  to  be  obtained 
through  the  magistrates  of  the  country  ;  when  permanently  attached,  they  shonld 
have  a  fixed  pay  per  diem,  but  when  employed  fur  a  temporary  purpose^  they  should 
be  paid  in  proportion  to  the  distance  they  travel,  or  the  nature  of  the  service  they 
are  employed  upon,  or  other  circumstances,  and  according  to  their  bong  mounted 
or  on  foot ;  all  guides  who  are  detained  for  a  day  or  more  should  have  rations 
drawn  for  them  :  guides  taken  from  village  to  village  on  ordinary  marches  need 
not  be  paid. 

"  The  other  charges  which  the  Officers  of  the  Department  are  allowed  to  make 
against  the  public  are  specified  in  the  instructions  respecting  the  mode  of  making  out 
their  contingent  accounts.  When  Officers  of  the  Department  have  ooeasion  to  issue 
routes  for  the  march  of  troops  or  convoys,  or  to  individuals,  they  are  to  be  made  out 
according  to  form  :  an  entry  is  to  be  made  of  all  routes,  and  copies  are  always  to  be 
transmitted  at  the  time  of  their  being  issued,  or  as  soon  after  as  possible,  to  the 
Quarter-Master-General,  and  likewise  to  the  Officer  commanding  at  the  station  to 
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Thich  tbe  corpa,  th«  naafoj,  or  indindnala  ue  piaoeading.  I(  vill  be  uimetjniei 
newBsar;  to  report  the  mareb  alio  to  some  ui(«nnedi>la  itkUoni  tliroagb  wLich 
troopa  an  to  pau,  upedallj  if  their  nainber  ii  ooniriderftble,  in  order  that  prepara- 
tion ma;  be  made  accord  ingl  7. 

{Sgaed)         "Gio.  Mo»bit,  Q.  M.  Q." 
"  Oartam,  Dtc.  Siut,  ISIO." 
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H.B. — Tbe  Totiini  for  Inbotr;  Begbnenti  ia  Ibe  aame,  omitting  the  calamus  marked  (a) 


TKi  apeeiid  Dutict  of  tht  Commiuariat. — When  in  the  Reld,  thii  department  haa 
the  eiiatod;  of  the  milituj  ehe*^  the  aoppl;  of  eTerything  ueeeaaar;  for  tlie  pro- 
viaionmrat  and  forage  of  the  arm;,  and  of  adrances  to  the  KTeral  deportmeiits, — the 
tappl;  of  mone;,  the  tranaport  of  the  troopa,  and  the  eatablishment  of  dfpOta  and 
mogaimea  for  famiihing  tbe  lereral  vanta.  In  the  Colonica,  the  Commissariat  ha* 
the  charge  of  the  militar;  cheita,  the  negociatiun  of  billa  to  keep  up  the  Bnppt; 
of  money,  and  it  malies  adranoea  to  Fa;maEten  for  the  troopa,  and  to  tbe  lleada  of 
Departmenti  foe  their  diabaraementa  :  it  contnuts  for  proTiBiDnB  for  the  troops,  and 
inaea  the  aame  in  detail,  a>  likewiie  it  purchaaea  all  articles  obtained  in  tbe  colon;  or 
foreign  possassion.  Thia  Department  is  nnder  the  orders  of  and  is  reaiwnaible  to  the 
Oeneial  or  Officer  comniiuding  for  tbe  eieeotion  of  its  duties  at  the  Tarions  stations 
abroad.  Bat  tbe  Comnuisariat  ia  also  reaponsible  to  the  Treaanr;  for  all  its  acts,  to 
whom  it  reports  on  all  points  of  serrice,  and  the  Officera  of  the  department  are 
dependent  on  the  TreasDr;  for  promoUon  and  appointment,  and  the  organisation  pro- 
esedi  and  emanates  from  (he  Treasur;.  At  Home,  the  aervices  of  the  Comnustariat 
are  Uttie  reqaired,  beyond  giving  aasistaooe  in  the  administration  of  tbe  Treasor; 
branch  of  that  department,  and  auditing  the  accoonli. 

The  dulitt  of  the  OJieeri  eOBwaanding  the  Artitltrj/ and  Eaginelri  il  head-qnarten 
forming  part  of  the  Staff  of  tbe  Arm;,  are  to  conve;  instructiona  of  a  departmental 
nature  to  tbe  several  detaohments  of  Ihow  corps,  and  to  afford  information  to  the 
Oeneral  oommandiog  upon  all  poinia  conneoted  with  their  duUea.  Ibeae  duties  are 
explained  auder  the  artiolea  '  Engineer '  and  '  Bqnipment.' 
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The  Senior  Medical  Officer  in  a  Bimilar  manner  affords  informaiion  to  the  General 
commanding  of  the  sick  and  wants  of  his  department,  establiahes  d6p6ts  for  the  sick 
and  wounded,  and  controls  and  secares  the  officering  of  the  whole  medical  depart- 
ment. 

In  Foreign  Service,  the  Military  Staff  is  nnder  one  head,  the  Chef  d*Btat  Major, 
and  the  Etat  Major  is  mostly  educated  expressly  for  its  respective  dntiee.  Besides 
Woolwich  for  the  Artillery  and  Engineers,  we  have  now  a  Staff  College  for  the  Staff  of 
the  Army,  and  the  appointments  for  the  Quarter-Master-General,  Adjutant-General, 
and  Military  Secretaries,  as  well  as  personal  Staff  of  General  Officers,  are  directed  to 
be  generally  filled  from  that  source. 

The  object  of  this  short  sketch  is  to  give  the  composition  of  the  Staff  of  the 
British  Army,  rather  than  an  explanation  of  its  duties,  which  can  only  be  aoqoired 
in  the  field.  On  actual  service,  activity  and  intelligence  are  the  chief  essentials,  and 
a  General  commanding  either  a  division,  a  corps,  or  an  army,  can  never  move  a  force 
successfully  and  without  confusion,  unless  he  has  intelligent  Officers  on  the  Staff  to 
direct  the  movements,  and  who  possess  also  a  perfect  knowledge  of  the  eountry. 

The  General  himself  must  remain  near  his  troops,  but  the  Staff  wiU  have  pre- 
viously learnt  the  nature  of  the  country,  and  guide  and  provide  fbr  their  movement 
in  all  unforeseen  difficulties. — G.  G.  L. 


STATISTICS.^ — The  statistics  of  a  subject  on  the  facts  connected  with  that 
subject,  and  the  art  or  science  of  statistics,  consist  in  so  arranging  those  facts  as  to 
exhibit  them  in  the  clearest  light,  to  show  their  connection  with  or  depend^oe  on 
each  other,  and  so  grouping  them  in  heads,  or  sub-heads,  as  to  reduce  the  leading 
principles  to  as  small  a  number  as  possible.  Thus  in  Natural  History  we  have  orders, 
classes,  genera,  species,  and  varieties,  several  of  each  lower  denomination  being  con- 
tained in  the  one  next  above  it.  The  same  may  be  said  of  every  other  science.  The 
observations,  and  the  clear  record  of  those  observations,  form  the  first  process  of  the 
Statistician,  while  the  laws  to  be  deduced  from  them,  and  the  application  of  those 
laws  to  individual  or  special  use,  are  the  rich  reward  of  his  labours. 

It  is  needless  to  say  that  the  value  of  observations  depends  chiefly  on  their  accuracy, 
and  the  degree  of  intelligence  as  well  as  care  with  which  they  are  collected,  lest  by 
the  omission  of  some  peculiar  phenomenon,  easily  observed  at  the  time^  the  value  of 
the  scries  or  collection  be  impaired  ;  and  from  this  it  will  be  seen  that  the  statistical 
observer  ought  to  possess  a  certain  degree  of  knowledge  of  the  science  for  which  his 
collections  are  made.  It  is  not  indeed  absolutely  indispensable  that  the  collector  of 
vital  statistics  should  be  a  Physician ;  nor  that  the  collector  of  the  statistics  of  trade 
and  exchange  should  be  versed  in  Political  Economy ;  but  there  can  be  no  doubt  that 
his  observations  will  be  more  useful,  and  his  labours  will  be  of  a  higher  order,  if  he  be 
conversant  with  their  object  and  with  the  uses  which  will  afterwards  be  made  of 
them  ;  and  not  only  the  immediate  object,  but  objects  connected  or  cognate  with  it, 
because  so  intimately  blended  are  the  numerous  sciences,  that  none  can  be  exhausted 
without  contact  with  others. 

Individual  exertion,  however,  is,  generally  speaking,  so  much  more  profitable  when 
confined  to  one  pursuit,  that  it  is  frequently  sought  to  combine  this  advantage  with 
the  advantages  of  extended  inquiry,  by  centralising  the  observations  of  numerous 
collectors  on  a  general  and  uniform  system,  rather  than  by  the  labour  of  one  observer 

*  By  Major-Oenoral  Sir  Thomas  Larcom,  RE. 
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on  many  subjecte.  This  is  acoomplished  by  the  eiroiil*tion  of  queries  and  fonns,  the 
answers  to  which  are  afterwards  to  be  generalised  and  combined  in  one  place,  and 
this  is  the  more  necessary  the  more  extensive  the  subject,  particularly  when  new  or 
recondite  in  its  nature.  In  this  manner  our  brother  Officers,  as  a  body,  may  be  mort 
useful  whenever  it  may  be  thought  desirable  to  circulate  such  for  any  particular  pur- 
pose. Of  this  we  have  a  distinguished  example,  in  the  magnetic  and  meteorological 
observations  which  for  some  years  past  have  been  simultaneously  carried  on  at 
numerous  stations  carefully  selected  all  over  the  world,  the  British  Colonial  portion 
of  which  has  been  executed  under  a  distinguished  officer,  Colonel  Sabine,  of  the 
highest  scientific  attainments,  by  Officers  of  the  Royal  Artillery,*  acting  on  instructions 
and  forms  previously  prepared.  No  subject  is  at  first  more  variable  and  more  subject 
to  disturbing  causes,  many  of  which  were  indeed  unknown,  yet  we  have  begun  already 
to  see  the  results  of  this  combined  exertion,  in  which  the  British  observations  have 
borne  so  prominent  a  part,  and  already  the  multiplied  facts  have  grouped  themselves 
aronnd  laws  which  will  shortly  bring  their  object  within  the  domain  of  the  exact 
sciences.  But  numerous  as  the  stations  are  at  which  observations  have  been  made  or 
are  in  progress,  they  are  stiU  far  short  of  the  number  of  our  Colonies,  and  there  is  not 
one  in  which  such  observations  would  not  be  useful.  Instruments  are  now  to  be  had 
at  moderate  prices,  with  full  and  clear  instructions  for  their  use.  The  relative  mor- 
tality of  colonies  has  also  been  the  subject  of  extensive  inquiry,  by  the  Medical 
Officers  of  the  Army  and  Navy,  with  great  credit  to  themselves  and  benefit  to  the 
country.  In  the  article  on  Geognosy  and  Geology,  in  the  second  volume,  Maj.-GFen. 
Portlock  has  pointed  our  attention  to  a  subject  of  great  practical  as  well  as  scientific 
importance,  in  which  our  combined  exertions  may  advance  a  common  end — a  subject 
on  which  that  Officer  speaks  from  experience,  as  well  as  with  the  authority  of  exten- 
sive knowledge  of  the  subject ;  and  there  is  none  perhaps  of  greater  utilitarian  scope, 
nor  which,  with  its  cognate  branches  of  Natural  History,  will  more  amply  reward  the 
inquirer,  by  opening  new  objects  of  contemplation  and  interest  at  every  step.  These 
noble  sciences  have  themselves  indeed  long  passed  beyond  the  category  of  statistical 
inqxdry,  but  they  may  be  aided  by  it,  and  tbey  lead  to  those  of  an  industrial  and 
social  order,  in  which  the  field  is  comparatively  untrod,  and  in  which  the  labours  of 
the  statist  are  eminently  required.  The  value  of  a  colony  to  a  commercial  country 
depends  either  on  its  productions,  or  its  naval  and  military  position  in  regard  to  more 
productive  districts,  for  which  it  may  form  an  entrepOt,  a  place  d*armes,  a  halting- 
place,  or  coaling  d6put.  An  exact  knowledge  of  those  productions,  or  of  those  cir- 
cumstances, and  of  the  changes  which  take  place,  or  which  may  be  made  in  them, 
becomes  of  the  highest  importance. 

The  first  general  consideration  in  regard  to  a  Colony  would  be  its  natural  condition, 
or  that  in  which  it  has  passed  from  the  hands  of  its  Maker,  and  here  we  have  exact 
sciences  to  aid  us, — its  position  on  the  earth's  surface  in  latitude  and  longitude,  and 
its  interior  topographical  delineation,  now  rendered  easy  to  us  from  the  number 
of  officers  and  soldiers  of  the  Corps  who  have  been  trained  on  the  Survey.  The 
Ckologist  and  the  Naturalist  follow,  and  these  are  the  preliminary  investigations,  on 
which  all  subsequent  inquiries  can  best  be  based.  Without  them  we  should  be  in  danger 
of  proceeding  on  an  useless  quest :  with  their  aid,  and  the  light  they  afford,  we  shall 
easily  discern  the  object  which  the  colony  is  most  fitted  to  fulfil,  and  our  statistical 
inquiries  will  be  directed  to  the  best  means  of  forwarding  that  object.  The  resources 
of  the  country  will  perhaps  be  of  a  mineral  nature,  or  they  may  be  commercial,  or 
agricultural,  or  its  advantages  may  be  of  a  purely  military  nature. 


*  Ijattcrly  by  Officers  of  Royal  Eugineors.— Eo. 
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The  '*  physical  means  "  by  which  these  may  be  facilitated  sbonld  next  be  considered, 
— those  which  the  Gbvernment  may  be  expected  to  perform  or  assiat,  as  public  defences, 
buildings,  lighthouses,  roads,  or  harbours,  and  those  which  may  safely  be  confided  to 
indiridual  enterprise,  as  machinery,  or  the  more  immediate  means  of  industry  ;  next, 
the  class  of  labour  most  likely  to  be  useful ;  and  here  the  subject  of  colonisation  and 
convict  labour,  now  prominent  in  the  public  mind,  may  be  largely  aided  by  onr 
observations.  It  would  be  idle  to  send  the  colliers  of  Newcastle  or  Carlisle  to 
the  pastures  of  Sydney,  or  the  Agricultural  population  of  the  South  Downs  to  the 
coal-pits  of  Cape  Breton.  The  price  of  the  several  descriptions  of  labour,  and  of  the 
commodity  produced  by  it,  at  the  present  and  in  former  times,  is  the  best  guide 
to  the  class  of  inquiries  which  deals  with  the  labour-market.  The  extent  to  which 
raw  produce  of  every  kind  can  be  advanced  in  the  various  steps  of  manufitcture 
through  which  they  pass,  before  they  are  fitted  for  the  use  of  mjin,  should  be 
carefully  observed.  To  a  certain  extent  this  operation  can  be  performed  with 
advantage  on  the  spot ;  beyond  that  extent  it  will,  generally  speaking,  be  more 
profitable  to  export  or  exchange  the  commodity.  On  all  these  points  price  is  the 
certain  guide,  and  no  economical  inquiry,  whether  of  production  or  manufacture,  can 
be  complete  without  it. 

The  social  position  of  a  colony  involves  other  considerations,  and  requires  a 
different  class  of  inquiry.  The  first  subject  would  probably  be  an  account  of  the 
population,  British  and  native.  Security  and  protection  are  the  next  and  indis- 
pensable elements,  without  which  organised  society  cannot  subsist.  In  a  colony 
these  usually  depend  upon  the  mother  country,  aided  financially  by  the  colony,  and 
they  are  more  or  less  alike  in  all.  Next  in  order  is  the  administration  of  justice  and 
law,  and  the  degree  in  which  the  native  customs  or  courts  are  employed.  Education 
in  all  its  branches  should  be  the  subject  of  careful  examination,  as  well  of  the  native 
as  of  the  British  population,  and  industrial  or  agricultural  educatbn  as  weQ  as 
literary  or  intellectual.  The  religious  institutions  and  estabUshments  may  be  the 
bond  of  society  and  the  fountain  of  truth  and  peace,  or  the  source  of  heart-burning 
and  discord.  Immediately  connected  with  these  will  be  the  institutions  of  a 
benevolent  order.  They  address  themselves  to  the  relief  of  physical  suffering,  whether 
in  the  form  of  disease  or  indigence,  as  those  of  religion  and  education  do  to  the 
moral  and  mental  wants  of  the  community.  The  hospitals,  the  manner  in  which 
they  arc  supported,  the  number  of  patients,  the  relative  and  absolute  prevalence  and 
extent  of  the  various  diseases,  may  easily  be  observed  or  obtained.  These  form 
the  principal  heads  of  this  branch,  while  to  the  sufferings  of  poverty  there  are 
generally  also  modes  of  alleviation  which  should  be  recorded  in  connection  with  the 
social  state  of  the  people. 

It  would  be  impossible  briefly  to  describe  the  numberless  subjects  of  inquiry  which 
come  within  the  range  of  statistic  research,  nor  can  it  be  supposed  that  every  one 
will  be  able  or  be  disposed,  even  if  time  and  opportunity  permitted,  to  enter  upon  all 
of  them.  But  there  are  few  Officers  who  will  not  find  interest  in  one  or  more.. 
Having  chosen  his  subject,  he  would  find  no  difficulty  in  procuring  examples  and 
instructions,  and  in  the  Editors  of  the  '  Corps  Papers  *  is  certain  to  have  brother 
Officers  able  and  willing  to  counsel  or  direct  him,  and  present  the  results  of  his 
labours  in  an  uniform  and  digested  state. 

The  social  and  industrial  condition  may,  however,  be  considered  the  branches 
of  the  subject  which  most  naturally  devolve  on  the  statistical  inquirer,  being  the 
most  readily  expressed  in  numbers,  though  few  will  be  found  to  dissent  from  the 
more  general  application  of  the  term  which  has  been  given  in  the  commencement 
of  this  article,  more  especially  in  reference  to  the  pursuits  and  means  of  information 
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of  the  class  of  Officers  for  whom  these  Yolnmcs  are  compiled.  Regarding,  for 
example,  the  ultimate  collection  of  colonial  memoirs  as  an  object  worthy  of  the 
'Professional  Papers/  or  similar  military  works,  Officers  who  feel  difficulty  in 
entering  upon  all  the  branches  of  so  comprehensi?e  a  subject,  and  yet  find  every 
branch  dependent  upon  the  others,  and  all  to  some  extent  resting  upon  the  first 
points,  above  adverted  to,  viz.  the  natural  condition,  as  divided  into  geography 
and  natui-al  history,  and  influenced  by  the  objects  and  destination  of  the  colony, 
may  leave  these  heads,  which  are  elsewhere  treated  of,  and  enter  upon  the  more 
numerical  subjects,  perhaps  in  somewhat  the  following  order. 
Population.  1*  PopulcUion, — of  which  an  authentic  census  is  generally  taken  periodically;  but 
this  will  be  very  imperfect  if  merely  confined,  as  used  formerly  to  be  the  case,  to 
enumeration  only.  As  much  as  a  disciplined  army  of  small  numbers  is  superior  to  a 
rabble  of  fifty  times  its  amount,  so  is  a  well-ordered  community  to  one  in  the  reverse 
condition  ;  and  as  a  general  rule,  to  which  of  course  there  are  exceptions,  we  may 
usually,  when  we  hear  of  a  country  being  over-peopled,  assume  that  it  is  in  reality 
only  ill-organised  or  mismanaged.  If  such  were  not  the  case,  the  density  of  popula- 
tion would  be  the  best  possible  measure  of  the  security,  wealth,  and  industry  of  a 
country ;  and,  however  dense  the  population,  the  country  would  not  be  over-peopled. 
The  degree  in  which  it  is  so  is,  therefore,  a  measure  of  its  weakness ;  but  we  must 
take  a  sufficiently  large  view  of  the  word  country,  and  not  limit  it  to  a  mere  district. 
We  must  also  look  to  the  circumstances  and  condition  of  the  people,  not  merely  to 
their  numbers.  The  clue  to  these  circumstances  may  generally  be  found  in  a  skil- 
fully conducted  census,  or  in  carefully  sifting  and  digesting  it  afterwards. 

A  few  leading  proportions  may  easily  be  borne  in  mind,  and  they  are  convenient  as 
comparative  tests.  The  number  of  male  and  female  births  are  usually  as  106  to  100. 
In  the  first  month  one- tenth  will  die.  At  5  years  of  age,  more  than  a  third  are 
gone  ;  at  10  years  of  age,  more  than  half.  The  male  deaths  will  preponderate  in 
early  life,  so  that  at  the  age  of  from  14tol5  or  16  the  numbers  of  the  sexes  will 
have  become  equal.  This  is  also  the  age  al)ove  and  below  which  the  gross  num- 
bers will  be  nearly  equal  to  each  other,  in  a  population  increasing  in  an  arithmetical 
progression  of  1*8  annually.  The  soundest  condition  of  a  population  is  that  in 
which  the  greater  number  are  maintained  in  the  working  age,  while  a  population 
which  has  a  large  proportion  of  its  numbers  at  ages  either  so  young  or  so  old  as  to 
require  maintenance  or  support,  instead  of  contributing  to  it,  is  obviously  a  source  of 
weakness  to  the  state. 

It  is  therefore  necessary,  in  any  enumeration  of  a  people,  to  divide  them  into  ages, 
distinguishing  the  single  years  up  to  5,  then  passing  to  10,  and  continuing  in  tens 
upwards.  The  number  of  persons  divided  by  the  number  of  families  gives  generally 
about  5  to  a  fiimily, — and  that  number  ought  also  to  be  the  number  to  a  house.  But 
the  woids  family  and  houte  require  definition  :  the  former  should  be  understood  to 
mean  one  or  more  persons  living  on  their  own  means  of  support,  and  may,  in  a  large 
average,  include  servants.  The  latter  is,  strictly  speaking,  the  accommodation  occu- 
pied by  that  party — not  one  set  of  walls  and  roof.  "  House  accommodation''  is  there- 
fore a  better  designation  than  House  ;  and  the  important  matter  to  investigate  in  this 
respect  is  the  extent  of  such  accommodation  which  every  family  enjoys  divided  into 
as  many  classes  as  may  be  found  convenient  or  suitable  to  the  country  and  climate. 
Houses  may  be  classified  according  to  the  number  of  windows,  as  indicating  the  num- 
ber of  rooms  (t.  e.  magnitude),  the  quality  of  the  walls  and  roof,  with  any  other  cir- 
cumstances which  measure  size  and  quality  in  a  particular  country.  The  house  may 
then  be  placed  in  a  first,  second,  or  third  class,  in  regard  to  each  of  these  conditions, 
and  ultimately  in  its  general  class  as  resulting  from  the  component  classes. 
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Having  thus  classed  the  houses,  it  is  necessary  to  know  the  number  of  families 
living  in  each,  and  to  resolve  what  accommodation  each  family  enjoys,  compared  to 
the  accommodation  of  single  houses  of  smaller  dimension.  Five  or  six  fEuniliea,  for 
example,  in  a  first-class  house  would  be  as  ill-accommodated  as  if  all  were  in  third  or 
fourth  class  houses,  and  so  on. 

It  is  also  of  importance  to  observe  the  occupations  of  the  people.  It  has  been 
usual  to  make  two  great  classes — agricultural  and  manufacturing.  This  broad  dis- 
tinction has  been  adopted  in  our  own  country,  and  has  its  utility  as  marking  the 
transition  of  a  community  from  the  one  to  the  other  state  with  advancing  knowledge 
and  wealth.  But  it  is  obvious  that  afber  a  time  the  distinction  is  more  apparent  than 
real,  and  is  not  based  on  any  philosophical  view,  as  agriculture  is  itself  a  manufacturing 
process.  A  sounder  distinction  is  into  primary  and  secondary  manufacture,  according 
as  we  deal  with  a  first  production  of  raw  material,  or  the  advances  of  the  material  by 
a  second  or  third  process.  In  a  colonial  population  this  would  become  more  appa- 
rent, and  the  occupations  of  the  community  would  in  many  cas^  be  neither  the  one 
nor  the  other,  in  their  strict  sense,  but  combining  both  ;  as  it  would  be  difficult  to 
separate,  for  example,  the  boiling  of  sugar  on  a  sugar  establishment  from  the  growth 
of  the  cane,  which  is  clearly  agricultural,  on  the  one  hand ;  or,  on  the  other,  firom 
the  ultimate  refining,  which  is  afterwards  carried  on  in  England,  and  is  as  clearly 
manufacturing.  These  great  divisions  at  home  have  grown  out  of  the  destinaiioa  of 
the  country  to  supply  subsistence,  food,  and  clothing  to  the  inhabitants  in  return  for 
their  labour.  The  destination  and  object  of  a  colony  will  furnish,  in  like  manner,  a 
guide  to  the  best  classification  for  the  occupation  of  its  inhabitants, 
s.  Laws.  ^'  From  the  population  we  may  pass  to  the  constitution  of  the  laws  which  gorem 

it  and  afford  protection  and  security.     These  in  regard  to  a  colony  are  of  two  kinds  : 
First,  from  external  aggression  by  the  garrison  and  means  of  defence  supplied  wholly 
or  in  part  from  the  mother  country ;  but  frequently  aided  by  the  colony  at  least  in 
expense.     The  strength  of  the  garrison  during  war  and  during  peace,  and  the  naya 
force,  if  any,  form  the  chief  subjects ;  and  a  succinct  account  of  any  occasion  on 
which  their  sufficiency  has  been  tested.     Second,  from  internal  confusion  either  by 
military  rule,  or  by  the  local  government  of  a  legislative  or  executive  assembly,  and 
by  the  administration  of  law — whether  British,  native,  or  foreign.     The  statistics  of 
crime  here  naturally  occur,  which  it  is  usual  to  divide  into  two  heads,  as  committed 
against  person  or  against  property.     Returns  of  these  may  generally  be  collected  or 
procured,  and  they  should  always  lie  connected  with  the  age  at  which  committed, 
and  the  extent  of  education  of    the  criminal,  with  circumstances  of  season  and 
climate.     It  is  known  that  the  tendency  to  crime  is  greatest  at  about  twenty-five 
years  of  age,  and  it  has  been  supposed  that  as  education  extends,  the  crimes  against 
property  predominate  over  those  against  the  person.    But  if  education  be  confined  to 
the  lower  elements  of  its  merely  intellectual  branch,  it  is  probable  all  classes  of  orime 
will  rather  increase  than  diminish.*   We  only  furnish  the  criminal  with  better  weapons 
and  better  means.     The  crimes  against  property  will  be  greatest  where  the  greatest 
irregularity  of  property  prevails.     Climate  and  seasons  also  influence  the  extent  and 
class  of  crime  materially.     So  far  as  European  inquiry  has  extended,  crimes  of  violence 
are  most  abundant  in  the  south,  and  those  against  property  in  the  north.     The 
seasons  are  somewhat  similar  in  their  effects.    Age  and  sex  also  influence  crime. 
The  greater  strength  of  the  male  leads  to  violence,  the  reverse  leads  females  to 
poisoning  or  fraud.    Age  is  of  all  causes  the  most  influential.     Crime  increases  with 
age  till  the  strength  of  the  body  is  complete,  but  does  not  decay  as  n^idly,  though  its 


*  The  evil  influouco  of  education,  without  Christianity,  was  painfuUy  and  foarfViny  ■hovm 
by  tho  Nana  of  Bithoor  and  others  in  the  lato  Indian  Mutiny.— En. 
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direction  changes  from  yiolence  io  fraud.  Bat  Man  is  influenced  by  the  moral 
physical  drcomstances  in  which  he  is  placed  as  much  as  by  his  organisation,  %nd  the 
former  are  largely  within  our  own  control.  Grime  is  a  measure  of  the  care  and 
development  they  have  received  and  are  receiving. 

3.  Edacation,  in  its  three  divisions,  religions,  intellectual,  and  indastrial,  is  a 
sabject  to  which  all  enlightened  minds  devote  themselves  with  eagerness,  and  the 
extent  to  which  it  prevails,  or  the  facility  of  obtaining  it,  in  any  community,  is 
always  to  bo  sought  for.  Numbers  may  be  easily  given  in  tabular  forme,  and  the 
funds  by  which  schools  are  supported;  but  the  class  of  instruction  is  yet  more 
important.  The  books  which  are  read,  and  the  class  of  persons  by  whom  the 
instruction  is  afforded,  with  the  manner  of  affording  it,  are  more  important :  nor 
should  education  be  considered  as  ceasing  with  childhood ;  to  be  effectual,  it  must 
continue  to  the  very  close  of  life,  varying  only  in  its  nature  and  object.  Public  and 
private  libraries,  scientific  and  literary  institutions,  come  all  within  the  category  of 
education^  and  more  than  all  the  religious  and  moral  instruction  not  only  of  children 
but  of  the  adult  community.  In  regard  to  children,  the  number  between  the  ages  of 
5  and  15  is  usually  about  a  quarter  of  the  whole  community,  and  at  least  half  that 
number  ought  to  be  at  school  at  any  given  time  at  which  an  enumeration  is  made. 
That  proportion  would  still  be  small,  but  it  would  afford  hopes  that  during  the  whole 
10  years  every  child  may  have  passed  half  its  time  at  school. 

4.  Benevolent  institutions  also  challenge  our  attention :  they  address  themselves 
to  the  relief  of  inevitable  suffering,  whether  from  sickness  or  poverty.  The  most 
palpable  are  hospitals,  houses  of  refuge,  or  similar  institutions,  but  benevolence 
exerts  itself  in  a  thousand  forms,  not  less  valuable  because  unobtrusive ;  and  the 
extent  to  which  it  prevails  in  any  community,  the  proportion  in  which  it  is  fostered 
or  supported  by  the  Government^  by  endowment^  or  by  private  means,  may  generally 
be  ascertained  :  the  amount  of  funds  devoted  to  these  purposes,  whether  by  endow- 
ment,  by  the  aid  of  Government,  or  by  private  contributions  ;  these  and  the  number 
of  persons  relieved  should  form  the  subject  of  inquiry  in  each  case.  Medical 
statistics  will  enter  into  this  category,  and  an  Officer  will  be  well  employed  in 
his  leisure  hours  if  he  co-operate  with  any  Medical  Officer  who  is  pursuing  this 
subject.  The  provision  for  the  poor  and  helpless  comes  of  course  into  this  category, 
and  there  is  scarcely  any  country  in  which  this  is  wholly  disregarded,  even  when 
not  made  a  public  measure  or  under  state  controL  The  Officer  who  engages  in  this 
inquiry,  will  find  his  own  benevolence  awakened,  and  will  be  morally  benefited  by  his 
exertions  on  the  part  of  others. 

5.  The  industrial  condition  of  a  country,  district,  or  colony,  will  of  course  depend, 
in  the  first  instance,  on  its  natural — modified,  assisted,  or  retarded,  by  its  social- 
condition.  It  may  be  indicated  externally  by  its  commerce  with  the  mother  country, 
or  neighbouring  countries,  and  internally  by  the  material  prosperity  of  its  inhabitants. 
Of  the  former,  the  imports  and  exports,  and  places  to  and  from  which  they  are  con- 
veyed,— of  the  latter,  wages  and  prices,  are  the  truest  indications.  Local  weights  and 
measures,  and  their  difference  from  the  standards  of  Great  Britain,  as  well  as  the 
monetary  arrangements  and  local  currency,  are  also  to  be  noticed.  In  regard  to 
land,  the  tenure,  the  manner  in  which  rent  is  paid,  whether  in  proportion  to  the 
produce,  as  one-third,  one-fifth,  or  more  or  less,  or  by  a  fixed  sum  of  money ;  and 
whether  hereditary,  quasi-hereditary,  or  continuous  tenure,  or  mere  tenure  at  will,  be 
most  prevalent ; — the  division  of  the  land,  the  mode  and  class  of  cultivation,  and  the 
relative  productions  of  different  crops,  and  the  manures  used  or  requii'cd ; — the  imple- 
ments of  husbandry,  the  breeds  of  cattle,  the  introduction  of  peculiar  grains  or  roots, 
and  the  country  from  which  they  were  first  brought ; — the  size  of  fiums,  and  class 
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and  amount  of  produce  grown  on  each  class.  In  regard  to  commerce,  its  nature  and 
object  f  by  wliat  steps  or  parties  carried  on  ;  how  far  beneficial  to  the  prodaoers  of 
the  commodity,  the  intermediate  trader,  the  colony,  or  the  mother  country,  — alwaya 
remembering  that  wealth,  whether  in  an  individual  or  a  country,  is  the  poBsession  of 
that  which  others  want,  and  security  for  that  possession  or  its  exchange. 

G.  In  the  indiyidual,  moral  rectitude  and  honesty,  ability,  industry,  intellectual 
[oral  condition   and  physical  strength,  are  the  souices  of  wealth, — in  the  community,  the  adTantages 
of  nature  in  climate,  soil,  and  geographical  position,  with  the  aid  of  social  institntions 
afTorJing  full  development  of  those  resources. 

It  has  not  been  sought  to  encumber  this  brief  abstract  with  printed  fonoB  of 
queries  or  Tables,  which  rather  encumber  than  assist.  The  means  by  which  alone 
inquiries  can  be  successfully  conducted  by  single  individuals,  are  reflection  and  study 
on  the  part  of  the  individuals  who  conduct  them  ;  and  mechanical  substitutes,  how- 
ever usefal  when  applied  to  a  limited  space  or  particular  object,  and  cirenlated 
for  that  purpose,  arc,  when  applied  generally,  in  danger  of  attaining  only  a  dull 
uniformity  at  the  cost  of  diminishing  original  thought.  Few  men  who  think 
long  and  clearly  on  any  subject,  will  be  at  a  loss  for  the  most  appropriate  vehicle 
or  form  in  which  to  embody  the  results  of  these  labours.— T.  A.  L. 
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SECTION  I. — MECHAKIOAL  AOTIOH  PBODUOBD  B7  8TBAM. 

• 

1.  The  instrument  by  which  steam  accomplishes  this  is  almost  invariably  a  piston, 
moveable  in  a  cylinder. 

A  cylinder  is  a  tube  or  pipe,  but  much  larger  in  its  diameter,  in  proportion  to  its 
length,  than  tubes  or  pipes  usually  are.  Thus  a  common  proportion  for  a  cylinder  is 
three  feet  in  diameter,  inside  measure,  and  four  feet  or  four  and  a  half  feet  in  lengtii ; 
but  this  proportion  is  very  variable  according  to  circumstances. 

2.  The  piston  is  in  effect  a  solid  plug,  fitting  the  interior  of  the  cylinder  with 
sufficient  precision  to  prevent  steam  from  passing  from  the  one  side  to  the  other,  bat 
with  sufficient  freedom  of  motion  to  enable  it  to  move  along  the  cylinder  without  any 
considerable  loss  of  force  to  keep  it  in  motion. 

3.  The  ends  of  the  cylinder  are  understood  to  be  closely  stopped  by  lids.  One  of 
these  lids  is  sometimes  cast  with  the  cylinder,  and  forms,  in  fact,  part  of  it ;  the 
other  is  attached  to  it  by  screws  and  nuts,  and  fitted  so  exactly  that  steam  cannot 
escape  at  the  joints. 

4.  Small  apertures  are  provided  at  each  end  of  the  cylinder,  furnished  with 
stoppers  or  valves,  by  which  steam  may  be  admitted  or  allowed  to  escape  at  pleasure. 

5.  Now  it  will  be  easily  understood,  that  if  a  blast  of  steam  be  admitted  at  one  end 
of  the  cylinder,  it  will  blow  the  piston  to  the  other  end ;  if  a  blast  of  steam  be 
admitted  at  the  other  end,  that  which  had  previously  been  admitt^  being  allowed  to 
escape,  the  piston  will  be  blown  back  again. 

If  we  have  the  means,  then,  of  taking  in  a  blast  of  steam  alternately  at  the  one  end 
and  at  the  other  end  of  the  cylinder,  the  piston  will  be  blown  constantly  backwards 
and  forwards  from  end  to  end. 

The  force  with  which  this  will  be  effected  will  depend  on  the  force  of  the  steam. 

6.  This  alternate  motion  of  the  piston  from  end  to  end  of  the  cylinder,  made  with 


*  By  the  late  Dr.  Lardncr.    Revised  and  corrected  by  E.  Woodfi,  Esq.,  C.E. 
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it  certain  degree  of  force,  could  accomplis}!  nothing  useful  if  it  wet^  confined  within 
the  cylinder ;  it  must  be  communicated  to  something  outside  which  is  required  to  ber 
set  in  motion. 

7.  This  is  accomplished  by  an  appendage  to  one  side  of  the  piston,  called  the 
piston-rod.  This  is  a  round  rod,  firmly  fixed  into  the  centre  of  the  piston,  and  passing* 
through  a  hole  made  in  the  centre  of  the  cover  or  lid  of  the  cylinder,  which  I  hare 
already  described,  to  be  attached  by  screws  and  nuts.  It  must  more  in  this  hole  a9 
the  piston  does  in  the  cylinder,  so  tightly  as  not  to  let  any  steam  escape,  and  yet  sa 
freely  as  not  to  require  any  considerable  power  to  urge  it. 

8.  It  will  be  easily  understood,  that  to  attain  this  object  very  great  precision 
of  form  is  necessary  in  the  internal  surface  of  the  cylinder  and  in  the  piston-rod. 
The  cylinder  is  made  of  cast  iron,  but  the  inner  surface  of  it,  after  being  cast,  is 
reduced  to  a  precise  cylindrical  form  by  a  boring  machine.  This  machine  scrapes  off 
all  roughness,  and  reduces  every  part  of  the  inner  sur&ce  to  an  exact  circular  form, 
of  precisely  the  same  diameter  throughout  the  entire  length  of  the  cylinder. 

9.  The  piston,  which  is  flat  on  either  surface  and  circular  at  its  edge,  to  correspond 
with  the  cylinder,  is  made  to  fit  the  cylinder  in  steam-tight  contact,  and  at  the  same 
time  to  move  freely  in  it  by  a  variety  of  contrivances  which  will  be  noticed  hereafter. 
For  the  present  it  will  be  sufficient  to  assume  that  mechanical  art,  in  its  present  state, 
enables  us  to  construct  pistons  and  cylinders  with  so  great  a  degree  of  precision  that 
no  steam  whatever  shall  pass  between  them,  and  yet  that  the  motion  shall  be  almost 
perfectly  free. 

10.  The  piston-rod,  also  of  iron,  is  turned  in  a  lathe  so  as  to  be  truly  round,  and 
unif(»inly  of  the  same  diameter  throughout  its  length.  The  hole  through  which  it 
plays  in  the  top  of  the  cylinder  is  surrounded  by  claiitic  packing,  which  presses 
against  the  sides  of  the  piston-rod :  and  in  this  way,  whilst  the  motion  is  free,  no 
steam  escapes. 

11.  The  piston-rod  thus  partakes  of  the  alternate  motion  which  the  piston  itself 
receives,  and  conveys  this  motion  to  any  object  outside  with  which  ft  may  be 
connected. 

12.  Thus  the  primary  motion  produced  by  steam  power  is  an  alternate  motion 
backwards  and  forwards  in  a  straight  line ;  but  by  an  infinite  variety  of  well-known 
mechanical  contrivances,  this  alternate  motion  may  be  made  to  produce  any  other 
kind  of  motion  that  may  be  desired  ;  thus  we  may  make  it  keep  a  wheel  in  constant 
rotation,  or  move  a  weight  continually  in  the  same  straight  line  and  in  the  same 
direction. 

13^  These  points  will  be  hereafter  explained;  for  the  present  we  establish  the 
fieict  that  steam  can  by  the  means  indicated  produce  an  alternate  force  Irackwarde 
and  forwards  along  a  cylinder  with  a  degree  of  ener^  proportionate  to  the  force  of  the 
steam,  and  with  a  degree  of  speed  proportionate  to  the  rate  at  which  the  steam  can 
be  supplied. 

2JECTI03r  II. — THE  PBOPXUTIES  OF  ST£AM« 

1.  I  have  spoken  of  the  piston  in  the  cylinder  being  di'iven  from  one  end  to 
the  other  by  a  bloit  of  steam.  This  will  at  onoe  suggest  the  resemblance  of  steam  to 
air.  Steam  possesses,  in  fact)  a  set  of  properties  precisely  the  same  as  air  :  if  air  were 
heated  to  the  same  temperature  as  steam,  it  would,  to  all  intents  and  purposes^ 
possess  the  same  mechanical  properties :  and  if  it  were  as  manageable  in  other 
respects  as  steam  is,  we  should  have  no  occasion  to  resort  to  steam  engines,  but 
should  have  nothing  but  air  engines.  Air  could  blow  the  piston  from  end  to  end  of 
the  cylinder  as  well  and  in  exactly  the  same  maimer  as  ateam  does.    It  will  therefore 
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greatly  facilitate  the  comprehension  of  the  qaalities  of  steam  to  attend,  in  the  first 
instance,  to  the  corresponding  qualities  of  air. 

2.  Air  is  an  elastic  fluid, — so  is  steam. 

The  meaning  of  an  elastic  fluid  is  one  which  may  be  squeesed  or  compreoBed  into 
a  less  bulk ;  or,  on  the  other  hand,  which  will  expand  itself  into  a  greater  bulk  spon- 
taneously if  room  be  given  to  it. 

3.  All  fluids,  however,  do  not  enjoy  this  property  :  water  does  not  partake  of  it  at 
all ;  it  cannot  be  squceze<l  by  any  practical  force  into  less  dimensions  than  it  naturally 
occupies,  and  whatever  room  you  may  give  to  it,  it  will  not  expand  into  greater 
volume.  If  air  be  enclosefl  in  any  vessel,  it  will  spontaneously  press  on  every  part  of 
the  inner  surface  of  such  vessel  with  a  certain  force,  tending,  as  it  were,  to  burst  the 
vessel  This  is  what  is  called  its  cla»tic\ty.  If  it  be  squeezed  into  a  vessel  of  half 
the  size,  it  will  press  on  the  inner  surface  of  this  vessel  with  just  double  the  force  ; 
and  if,  on  the  other  hand,  it  be  allowed  a  vessel  of  twice  the  siie,  it  will  spontaneously 
expand  and  fill  every  part  of  such  vessel,  but  will  press  on  it  with  a  diminished  force, 
amounting  to  one-half  its  original  pressure. 

4.  In  short,  you  may  by  compression  reduce  its  bulk  in  any  required  proportion, 
and  its  bursting  or  elastic  force  will  be  augmented  in  exactly  the  same  proportion  ; 
and  you  may,  on  the  other  hand,  permit  it  to  expand  to  any  augmented  volume^  and 
its  pressure  will  be  diminished  in  precisely  the  proportion  in  which  its  volume  will  be 
increased. 

5.  All  these  are  equally  qualities  of  steam. 

Air  is  an  invisible  fluid, — so  is  steam.  It  is  a  great  mistake  to  imagine  that  the 
cloudy  vapour  that  is  seen  issuing  like  white  smoke  from  steam  vessels  or  boilers  ia 
steam  ;  the  moment  it  becomes  thus  white  and  cloudy  it  ceases  to  be  pure  steam. 

These  misty  particles  are  particles  or  vesicles  of  water,  and  not  pure  steam.  If  a 
glass  vessel  were  filled  with  pure  steam,  it  would  be  as  invisible  aa  when  filled 
with  air. 

6.  Steam  is  a  species  of  air  made  from  water. 

Air  may  exist  in  diflerent  states  of  density,  so  may  steam.  In  either  ease  the 
pressure  or  elasticity  (other  circumstances  being  the  same)  is  in  proportion  to  the 
density. 

7.  But  as  air  is  everywhere  accessible  and  disposable,  it  may  be  asked  why  we 
may  not  use  it  for  those  mechanical  purposes  for  which  steam  has  proved  so  omni- 
potent, especially  seeing  that  the  production  of  one  is  attended  with  great  coat  and 
trouble,  while  the  other  exists  in  unbounded  quantity,  and  can  be  had  everywhere 
and  for  nothing.  To  answer  this  we  must  consider  those  qualities  in  which  steam 
differs  from  air. 

SEOTION  III. — HOW  WATER  18  CONVERTED  IHTO  STEAM,  AND  HOW  STEAM  18 

RECONVERTED  INTO  WATER. 

1.  If  any  source  of  heat  be  applied  to  water,  the  first  and  obvious  effect  wiU  be  to 
render  the  water  hotter. 

2.  But  to  this  there  will  speedily  be  a  limit.  It  will  be  found  that  when  water 
nnder  any  given  constant  pressure  has  attained  a  certain  temperature^  no  farther 
application  of  heat  will  augment  its  temperature,  but  it  will  then  begin  to  diminish 
in  quantity,  and,  as  it  were,  to  disappear  ;  and  if  the  application  of  heat  be  continued, 
the  water  will  at  length  altogether  vanish.  It  has  in  this  case  been  gradually  eon- 
verted  into  steam,  which  has  ascended  into  the  surrounding  atmosphere  and  mingled 
with  it 

3.  But  this  escape  of  the  steam  may  be  prevented.     Let  a  second  vessel  be  pro- 
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Tided  and  put  in  connection  with  that  in  which  the  water  is  heated,  and  let  the 
oommonication  with  the  external  air  be  out  off. 

4.  The  steam  produced  from  the  water  may  be  collected  in  thui  yeBsel,  and  when 
so  collected,  and  submitted  to  examination,  it  will  be  found,  as  I  hare  stated,  to 
possess  all  the  mechanical  properties  of  air. 

It  thus  appears  tliat  the  liquid  water  is  converted  into  the  elastic  fluid  steam  by 
a  certain  quantity  of  heat  having  been  imparted  to  it. 

5.  One  of  the  most  remarkable  changes  which  the  water  undergoes  when  it  passes 
into  the  form  of  steam  is  its  change  of  bulk,  which  is  quite  enormous. 

6.  It  is  found  that  a  quart  of  water  evaporated  under  ordinary  circumstances  will 
produce  about  1700  quarts  of  steam  ;  but  this  proportion  varies  with  circumstances, 
as  we  shall  now  see. 

7.  Let  us  suppose  that  a  piston  is  inserted  in  a  tube,  and  that  under  the  piston 
a  small  quantity  of  water  is  placed.  For  simplicity,  let  us  suppose  that  quantity 
of  water  to  be  a  cubic  inch.  Let  the  piston  be  arranged  to  press  upon  the  water 
with  a  force  of  15  lbs.,  the  magnitude  of  the  surface  of  the  piston  in  contact  with 
the  water  being  a  square  inch  ;  and  let  us  in  this  case  put  out  of  consideration  any 
effect  of  the  pressure  of  the  external  atmosphere,  this  pressure  being  represented 
by  the  1 5  lbs.  imputed  to  the  piston.  Let  a  lamp  be  supposed  to  be  applied  under 
the  tube,  so  as  to  heat  the  water  within.  The  effect  of  the  lamp  for  some  time  will 
be  merely  that  of  elevating  the  temperature  of  the  water,  but  when  the  temperature 
shall  have  attained  to  212°  of  Fahrenheit*s  thermometer,  then  the  piston  will  be 
observed  to  begin  to  ascend  in  the  cylinder,  leaving  an  apparently  unoccupied  space 
between  it  and  the  water.  The  quantity  of  water  will  at  the  same  time  apparently 
diminish.  The  lamp  con  tinning  to  act,  the  piston  will  continue  slowly  to  ascend, 
and  the  water  slowly  to  diminish,  until  at  length  all  the  water  shall  have  dis- 
appeared. 

8.  The  piston  will  then  be  found  to  have  ascended  to  such  a  height  that  the  space 
below  it  in  the  cylinder  will  be  1700  times  greater  than  that  which  the  water 
originally  occupied.  This  space,  which,  if  seen,  as  it  might  be,  through  glass,  would 
appear  empty,  would  in  fact  be  filled  with  the  steam  produced  from  the  water, 
which,  like  air,  would  be  invisible. 

9.  In  this  case  we  have  supposed  the  steam  to  be  produced  under  a  pressure  of 
15  lbs.  on  the  square  inch.  Let  us  now,  however,  suppose  things  restored  to  their 
original  state,  and  the  piston  to  be  loaded  with  80  lbs.,  or  with  15  lbs.  in  addition  to 
the  atmospheric  pressure,  which  makes  a  total  of  30  lbs.  If  the  same  process  at 
before  be  repeated,  it  will  now  be  found  that  before  the  piston  begins  to  ascend,  the 
temperature  of  the  water  will  rise,  not  to  212^,  as  before,  but  to  252°  ;  the  piston 
will  then  begin,  as  before,  to  ascend,  and  will  continue  to  ascend  until  all  the  water 
shall  have  disappeared.  It  will  not,  however,  rise  now  so  as  to  leave  1700  times 
the  original  bulk  of  the  water  below  it,  but  only  the  half  of  that  amount,  leaving 
a  space  for  the  steam,  thus  produced,  about  850  times  greater  than  the  bulk  of  the 
water. 

In  shorty  the  piston  may  be  loaded  with  any  pressure  greater  or  less  than  thai 
which  we  have  supposed.  If  loaded  with  a  less  pressure,  the  water  will  expand  into 
steam  of  greater  volume ;  and  if  loaded  with  a  greater  pressure,  it  will  expand  into 
steam  of  less  volume.  The  temperature  also  at  which  the  water  will  begin  to  be 
converted  into,  steam  will  vary,  being  higher  for  greater  pressure  and  lower  for  less 
pressure. 

10.  When  the  pressure  is  doubled,  the  steam  produced  will  not  be  of  precisely 
double  the  density,  but  will  not  vary  much  hmn.  that  proportion.    The  reason  of  tha 
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TariatioD — smail  as  it  is — is,  that  when  tho  pressure  is  doubled,  the  temperature  of 
the  steam  is  augiueutod,  and  an  increase  of  volume  due  to  such  increase  of  tempera- 
ture causes  the  density  of  the  steam  which  results  to  be  a  little  less  than  double  the 
original  density.  This  variation,  however,  is  not  considerable,  and  we  may  assume, 
as  a  simple  api)roximatc  rule,  that  tho  density  of  stoam  is  in  the  direct  proportion  of 
its  i>roesurd. 

11.  As  it  is  of  great  advantage  to  retain  in  the  memory  the  extent  to  which  the 
volume  of  water  is  ex}>anded  when  it  is  converted  into  steam,  the  following  amidental 
proportion  will  be  found  useful  :  a  cubic  foot  contains  1728  cubio  inches.  Now  w© 
shall  be  suffioicntly  near  the  truth,  for  all  practical  purposes,  if  we  state  that  a  cubio 
inch  of  water  evaporated  under  a  pressure  of  15  tl^.  per  square  inch  will  produce  a 
cubic  foot  of  stoam.  This  statement  is  at  once  so  simple  and  so  striking,  that  it 
cannot  be  forgotten. 

12.  Knowing  the  volume  of  steam  produced  by  a  given  quantity  of  water  under 
this  pressure,  the  volumes  which  will  be  produced  under  other  pressures,  greater  or 
less,  may  be  inferred  with  sufficient  practical  accuracy  by  the  proportion  already 
given.  Under  double  the  pressure,  the  volume  would  be  one-half;  and  under  half 
the  pressure,  the  volume  would  be  double.  Thus,  if  water  be  boiled  under  a  pressure 
of  30  ft>s.  per  square  inch,  a  cubic  inch  of  water  will  produce  half  a  eabic  foot  af 
steam ;  if  it  be  boiled  under  45  tl>s.  per  square  inch,  it  will  produce  one-third  of  a 
cubic  foot  of  steam  ;  and  in  like  manner,  if  it  bo  boiled  under  74  ^'  per  square  inch, 
it  will  produce  two  cubio  foet  of  steam  ;  and  under  5  lbs.  per  square  inch,  three  ciibi<> 
feet  of  steam,  and  so  on. 

13.  This  proportion  would  be  strictly  accurate  but  for  the  faot  that  the  temperatures 
at  which  the  water  boils  in  those  oases  are  different ;  but  the  difference  duo  to  tkis 
need  not  be  now  attended  to. 

14.  It  may  also  be  observed,  that  in  general,  when  the  water  boiled  is  exposed  t» 
the  atmosi)here,  the  atmosphere  itself  produces  an  average  pressure  of  15  fts.  per 
(M}uare  inch,  which  is  understood  to  be  included  in  the  above  pressures. 

15.  Having  thus  described  the  manner  in  which  water  is  converted  into  steask,  lei 
us  now  see  how  steam  is  converted  into  water. 

The  steam  which  is  produced  from  the  water  in  the  manner  we  have  described  has 
the  sume  tempeniture  as  the  water  from  whence  it  proceeds.  This  temperature  is 
indispensable  to  it.  The  moment  you  deprive  it  of  any  heat,  that  moment  a  porticm 
of  it  returns  to  the  state  of  water,  and  by  tlie  continued  abstraction  of  heat  from  it^ 
it  will  all  return  to  tho  liquid  state. 

16.  Let  us  suppose,  in  the  tube  which  we  have  already  used  for  our  illustration, 
that  after  the  piston  has  ascended,  and  the  water  has  been  all  converted  into  steam, 
the  tube  be  surrounded  by  any  cold  medium,  such  as  a  cold  atmosphere,  the  lamp 
being  in  the  meanwhile  withdrawn  ;  immediately  a  dew  will  be  formed  on  the  inner 
surface  of  the  tube,  and  the  piston  will  begin  to  descend.  The  dew  thus  formed  is 
the  water  reproduced  from  the  steam,  which  has  been  restored  to  its  liquid  state,  in 
small  particles  :  these  are  swept  down  before  the  piston,  and  at  length,  when  the 
piston  shall  have  arrived  at  its  original  position,  a,V  the  water  will  have  re-appeared 
at  the  bottom  of  tho  tube. 

The  steam  will,  in  fact,  have  been  reconverted  into  water. 

17.  Thus,  as  heat  is  the  agent  by  which  water  is  converted  into  steam,  the  abstrac* 
taon  of  heat  is  the  means  by  which  steam  is  reconverted  into  water. 

This  is  one  of  the  most  important  qualities  in  which  steam  differs  from  air.  No 
known  degree  of  cold  is  capable  of  converting  air  into  a  liquid,  although  analogy 
jistiiles  the  inference  that  some  degree  of  cold^  though  uaattftinabie  by  an;  Bieaas  yet 
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knowB,  'WDnld  effect  ibis.     There  are  some  airs,  in  fact,  on  which  art  has  produced 
this  effect,  but  it  has  never  been  accomplished  on  the  atmosphere. 

18.  It  is  precisely  this  quality,  giving  us  the  power  of  reconverting  steam  into 
water  at  pleasure,  which  enables  us  to  use  steam'  so  extensively  for  mechanical 
purposes,  and  deprives  air  of  the  same  mechanical  utility. 

SECTION  IV. — THE  MECHANICAL  EFFECT   PRODUCED  BY  THE  CONVERSION   OF 

WATBB  INTO   STEAM. 

1.  The  most  common  and  general  method  of  estimating  the  meohanical  effect  ot 
any  agent  is  by  stating  what  weight  it  would  raise  a  certain  height,  or  to  what  height 
it  would  elevate  a  given  weight.  Thus,  if  we  are  told  that  such  or  such  a  mechanical 
agent  is  capable  of  raising  ten  tons  a  foot  high,  we  have  a  distinct  notion  of  its 
efficiency  as  a  moving  power.  In  this  view  of  mechanical  effect,  it  will  be  seen  thai 
we  omit  the  consideration  of  time  altogether  ;  whether  it  be  produced  in  a  minute  or 
in  an  hour,  the  mechanical  effect  accomplishcil  is  the  same.  We  shall  consider  it  in 
reference  to  time  hereafter. 

Now  the  questions  I  propose  to  examine  are  these  : 

2.  What  amount  of  mechanical  effect  is  produced  when  a  given  quantity  of  water, 
as  a  cubic  inch,  is  converted  into  steam  ? 

3.  To  what  extent,  if  at  all,  is  such  mechanical  effect  inilaenced  by  tlie  pressure 
under  which  the  water  is  evaporated  or  boiled  ? 

4.  Let  it  be  remembered,  that  the  water  is  supposed  to  be  boiled  in  a  close  vessel, 
furnished  with  a  valve  loaded  with  a  given  pressure,  so  that  the  steam  produced  from 
the  water  shall  have  a  pressure  equivalent  to  that  of  the  valve  ;  in  fact,  according  to 
our  supposition,  it  must  lift  the  valve  to  escape,  and  consequently  its  force  must  be 
in  equilibrio  with  it.  But  for  our  present  purpose  we  shall  recur  to  a  mode  of 
illustration  which  will  be  more  easily  apprehended.  Let  us,  as  before,  imagine  a 
cubic  inch  of  water  placed  in  the  bottom  of  a  tube  of  indefinite  length ;  a  piston 
being  placed  in  such  tube,  resting  on  the  water,  and  so  fitting  the  tube  as  not  to 
permit  the  steam  to  escape.  Let  us  suppose  this  piston,  in  the  first  instance,  to 
press  on  the  water  with  a  force  of  15  lbs.,  the  surface  of  the  piston  in  contact  with 
the  water  having  the  magnitude  of  one  square  inch. 

5.  According  to  what  has  been  already  explained,  it  will  be  understood  that  when 
heat  is  applied  to  Uie  water  to  convert  it  into  steam,  the  piston  will  be  forced 
upwards,  to  give  room  to  the  steam  thus  formed.  Now,  it  has  been  shown  that  the 
room  which  the  steam  will  thus  require  will  be  1700  times  more  than  its  original 
volume  in  the  liquid  state.  If  then  the  section  of  the  tube  be  a  square  inch,  the 
piston  will  be  raised  1 700  inches  high,  in  order  to  make  room  for  the  steam  which 
will  be  produced.  Thus  a  weight  of  15  lbs.  will  be  raised  1700  inches,  or  about  142 
feet.  The  mechanical  effect  evolved  in  the  evaporation  of  a  cubic  inch  of  water  under 
these  circumstances  is  therefore  equivalent  to  15  fi>s.  raised  142  feet  high.  But  15  Sbs. 
raised  142  feet  high  is  equivalent  to  142  times  15  lbs.  raised  one  foot  high,  or  to 
2130  fbs.  raised  a  foot  high.  Now  this  weight  is  very  nearly  a  ton,  and  as  we  are 
not  here  concerned  with  minute  fractional  accuracy,  the  following  remarkable  fact  will 
follow,  and  may  easily  be  retained  in  the  memory. 

6.  A  cubic  inch  of  water  converted  into  tteam  und^  tlie»e  circumstancet  will  pr<h 
duct  a  mechanical  force  tufficient  to  raise  a  ton  weight  a  foot  high. 

7.  But  it  may  be  objected  here,  that  we  have  supposed  the  water  evaporated  under 
a  particular  pressure,  and  therefore  at  a  particular  temperature  :  may  it  not  happen, 
therefore,  that  if  evaporated  under  a  different  pressure  and  at  a  different  temperature, 
a  different  mechanical  effect  will  ensue  I 
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To  aBcertain  this,  let  us  suppose  the  piston  to  be  loaded  with  SO  lbs.  instead  of 
15  lbs.    We  haye  already  seen  that  in   such  case  it  vonld  be  ndsed  to  only  half  the 
h^ht)  for  the  steam  produced  would  have  double  the  density.    Nov  80  lbs.  raised 
71  feet  is  exactly  equal  to  15  Xbu.  raised  142  feet,  and  the  same  eonsequenoes  would 
follow  at  any  other  supposable  pressure. 

SECTION  v.  — THE  MECHANICAL  IFFECT  PRODUCED  BY  THE  CONYEHSIOH  OP   STEAM 

INTO   WATER. 

1.  We  have  seen  that  a  cubic  inch  of  water  makes  a  cubic  foot  of  steam  at  the 
common  pressarc.  If,  then,  a  close  vessel  be  filled  with  steam  at  this  pressure,  and 
be  so  exposed  to  cold  that  the  steam  it  contains  shall  be  conrerted  into  water,  it  will 
only  occupy  a  cubic  inch  for  every  cubic  foot  of  steam  which  the  vessel  previously 
contained.  In  fact,  the  vessel  which  was  previously  filled  with  st^am  will  now  have 
only  a  small  quantity  of  water  in  it,  the  remainder  of  the  space  being  a  vacuum. 

2.  It  is  this  property  by  which  steam  becomes  instramental  in  doing,  by  the  mere 
agency  of  temperature,  what  is  done  by  the  expenditure  of  so  much  labour  in  air* 
pumps  and  common  water-pumps. 

3.  By  whatever  agency  a  vacuum  can  be  produced,  by  the  same  agency  a  given 
mechanical  effect  will  follow ;  for  if  a  piston  be  placed  in  the  tube  in  which  the 
vacuum  is  created  beneath  it,  the  pressure  of  the  atmosphere  will  drive  the  piston 
down  with  a  force  of  15  lbs.  for  every  square  inch  in  the  section  of  the  piston.  In 
air-pumps  and  common  water-pumps,  where  the  vacuum  is  created  by  pumping  out 
the  air,  the  amount  of  mechanical  force  expended  in  producing  the  vacuum  is 
equivalent  to  the  amount  of  mechanical  force  which  the  vacuum  itself  produces  when 
made ;  but  when  a  vacuum  is  made  by  converting  steam  into  water,  no  mechanical  force 
is  expended  in  producing  the  effect ;  and  consequently  steam  thus  produces  a  mechanical 
force  in  its  reconversion  into  water,  as  well  aa  in  its  production  from  water. 

SECTION  VL— HOW  MUCH  HEAT  IS   NECESSARY  TO  CONVERT  WATER  INTO  STEAM. 

1.  Recurring  again  to  the  same  mode  of  illustration,  let  us  suppose  the  tube  and 
piston  as  before,  a  cubic  inch  of  water  being  below  the  piston  ;  and  let  us  imagine  a 
lamp  burning  in  a  perfectly  uniform  manner  under  the  tube,  so  that  it  shall  impart 
heat  to  the  water  at  an  uniform  rate.  Let  us  suppose,  at  the  commencement  of  the 
process,  the  water  to  be  at  the  temperature  of  melting  ice,  but  without  having  any 
ice  in  it.  Let  the  time  be  then  observed  which  shall  elapse  from  the  first  moment  of 
the  application  of  the  lamp  to  the  moment  at  which  the  water  begins  to  be  converted 
into  steam,  and  let  us  suppose  this  interval  to  be  an  hour.  The  application  of  the 
lamp  being  continued,  as  before,  let  the  process  of  evaporation  go  on  until  all  the 
water  shall  have  been  converted  into  steam.  It  will  then  be  found  that  the  lime 
necessary  to  complete  the  evaporation  will  be  5|  hours. 

2.  From  this  then  it  follows,  since  we  suppose  the  action  of  the  lamp  to  have  been 
uniform,  that  to  convert  a  given  quantity  of  water  into  steam  requires  5)  timee  as 
much  heat  as  would  be  necessary  to  raise  the  same  water  from  the  freezing  to  the 
boiling  point. 

3.  This  is  a  fact  of  such  capital  practical  importance  that  it  ought  to  be  engraven 
on  the  memory. 

It  follows  from  it,  that  if  a  given  weight  of  fuel  is  consumed  in  raising  a  quantity 
of  water  from  the  freezing  to  the  boiling  point,  5  4  times  such  weight  of  fuel  will 
be  consumed  in  converting  the  same  water  into  steam. 

4.  There  is  another  point  of  view  in  which  it  is  both  interesting  and  important  to 
regard  this  fact. 
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If  a  tbennometer  be  immersed  in  the  steam  which  shall  hare  been  produced  from 
the  water,  it  will  show  that  the  steam  has  the  same  temperature  as  the  wat^r  :  thus, 
if  the  water  were  boiled  under  the  usual  pressure  of  15  tbs.  per  square  inch,  its  tem- 
perature would  be  212** ;  the  same  would  be  the  temperature  of  the  steam  into  which 
it  would  be  conrerted. 

5.  But  it  will  be  naturally  asked  in  this  case,  what  has  become  of  the  enormous 
quantity  of  heat  which  has  been  supplied  by  the  lamp  ?  If  in  an  hour,  while  the 
lamp  was  raising  the  water  from  82**  to  212**,  it  imparted  to  such  water  a  quantity  of 
heat  sufficient  to  raise  it  180°  higher  in  its  temperature,  it  must  hare  imparted  an 
equal  quantity  of  heat  in  each  succeeding  hour,  and  in  54  hours  it  would  of  course 
hare  imparted  as  much  heat  as  would  hare  added  54  times  180°,  or  9D0*,  to  212**, 
the  temperature  of  the  water,  supposing  the  latter  not  to  have  been  conyertt'd  into 
steam  :  the  water  would  thus,  had  it  not  being  converted  into  steam,  have  been  raised 
to  the  temperature  of  1202**,  or  about  400°  hotter  than  red-hot  iron.  But  in  the 
present  case,  in  which  the  water  passes  from  the  liquid  to  the  aeriform  state,  no 
auj^mentation  of  temperature  has  taken  place  at  all ;  the  steam  which  has  received, 
and  which  actually  contains  all  this  enormous  amount  of  heat,  being  no  hotter  than 
the  water  which  contained  nothing  of  it.  Where  is  the  heat  tben  ?  And  why  is  it 
not  felt  or  indicated  by  the  thermometer  I 

6.  The  answer  to  the  first  question  is  easy.  It  can  be  practically  proved,  as  we 
shall  presently  show,  that  the  heat  is  in  the  steam.  But  the  second  question  reaches 
one  of  the  final  points  of  science,  and  cannot  be  answered.  The  heat  which  is  in  the 
steam,  and  yet  neither  sensible  to  the  touch  nor  indicated  by  a  thermometer,  is  said 
to  be  latent. 

7.  But  we  must  not  be  deceived  by  the  use  of  this  word  ;  it  is  merely  a  name  given 
to  the  fact  that  the  heat  is  not  sensible,  but  it  discloses  to  us  bo  reason  for  that  fact. 

8.  It  is  assumed  that  the  heat  has  been  employed  in  converting  the  water  from  the 
liquid  to  the  aeriform  state,  and  being  employed  in  maintaining  the  water  in  such 
state,  is  not  sensible  to  the  thermometer.  This,  however,  is  after  all  but  another  mode 
of  stating  the  fact,  and  is  no  explanation  of  it. 

9.  I  observed  that  the  990**  of  heat  is  in  the  steam,  though  not  sensible  to  the 
thermometer.  We  might  perhaps  be  justified  in  considering  this  as  proved,  inasmuch 
as  the  lamp  must  be  supposed  to  impart  heat  uniformly  during  its  action,  but  we  can 
give  a  very  decisive  practical  demonstration  of  it. 

10.  Let  a  cubic  foot  of  steam  of  the  temperature  of  212",  which  has  been  pro- 
duced from  a  cubic  inch  of  water,  be  supposed  to  be  contained  in  a  close  Tessel. 
Let  5^  cubic  inches  of  water  at  the  temperature  of  82**  be  injected  into  this  vessel 
This  cold  water,  mixing  with  the  steam,  will  reduce  the  steam  to  water,  or,  to  use  a 
technical  term,  will  condense  it,  and  we  shall  find  in  the  vessel  6|  cubic  inches  of 
water ;  namely,  the  5}  cubic  inches  which  were  injected,  and  the  cubic  inch  which 
was  contained  in  the  vessel  in  the  form  of  steam,  occupying  a  cubic  foot,  but  which 
has  now  become  water,  and  occupies  only  a  cubic  inch.  These  64  cubic  inches  of 
water  will  have  the  temperature  of  212^ ;  that  is  to  say,  the  same  temperature  aa 
that  of  the  steam  which  was  condensed. 

Now  it  is  evident  that  In  returning  to  the  state  of  water,  the  steam  has  given  out 
as  much  heat  as  has  been  sufficient  to  raise  the  54  cubic  inches  of  water  which  were 
injected  into  the  ressel  from  82^  to  212** ;  and  yet  the  cubic  inch  of  water  into 
which  such  steam  has  been  converted  has  itself  the  temperature  of  212**,  being  the 
same  as  that  which  it  had  when  in  the  form  of  steam.  It  is  clear  then  that  the  990**  of 
heat  which  were  in  the  steam  are  now  in  the  54  culnc  inches  of  water  which  were 
iigected,  and  have  raiaed  this,  as  moat  neoessarily  have  been  the  case,  from  82**  to  212* 
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11.  It  is  therefore  dcmonstrnted  thai  steam  has  in  it  as  mueli  heat  inaenBlbk  to  the 
thermometer  and  to  the  touch  as  would  be  soificieiit  to  raise  5^  timet  its  own  weight 
of  water  from  the  freezing  to  the  boiling  point. 

12.  This  result  has  an  important  relation  to  the  economy  of  steam  power.  The 
heat  supplied  by  any  facl  of  uniform  quality,  and  used  in  an  uniform  manner,  will  be 
proportionate  to  the  quantity  of  such  fuel  consumed.  It  follows,  therefore,  that  it 
requires  6^  times  as  much  fuel  to  convert  water  into  steam,  supposing  the  process  to 
commence  with  the  water  at  82°,  as  woukl  be  sufficient  to  boil  the  same  quantity  of 
water.  If  the  process  be  supposed  to  commence  at  the  more  ordinary  temperatnre  of 
60",  then  a  still  greater  proportion  of  fuel  will  be  necessary  for  vaporisation. 

13.  I  have  su2)posed  throughout  this  exposition  that  the  water  has  been  eraporated 
under  the  common  pressure  of  1^  It>s.  per  square  inch,  and  at  the  temperatnre  of  212**; 
but  it  may  be  asked,  what  would  he  the  result  if  the  piocess  were  conducted  under  a 
different  pressure  and  at  a  different  temperature  ?  Might  it  not  happen  that  the 
vaporisation  would  be  effected  with  a  greater  economy  of  heat,  which  would  be  an 
important  fact  in  the  a]>plication  of  steam  power  ? 

14.  Such,  however,  is  not  the  case.  It  is  found  that  no  matter  what  the  pressure 
may  be  under  which  the  process  is  conducted,  the  same  lamp,  or  other  uniform 
source  of  heat,  acting  on  the  same  water,  will  take  exactly  the  same  time  io  convert 
it  into  steam.  It  is  true  that  the  quantity  of  what  is  called  latent  heat,  or  heat 
of  conversion  will  be  different,  and  will  bo  diminished  as  the  pressure  is  increased. 
Thus  each  degiee  which  is  added  to  the  temperature  at  which  the  water  boils  by 
increase  of  pressure  will  be  subtracted  from  tlie  latent  heat  of  the  steam.  The  man« 
Lcr  in  which  this  remarkable  fact  is  usually  expressed  is,  that  the  sum  of  the  latent 
and  scn.sib]e  heats  of  steam  is  always  the  same,  namely,  about  1200**. 

15.  Thus  if  water  }>e  evaporated  under  such  a  pressure  that  its  boiling  point  shall 
be  400^  then  the  latent  heat  of  the  steam  produced  from  it  will  be  800*";  if  it  be 
evaporated  at  SOU**,  the  latent  heat  will  be  900°,  and  so  on. 

16.  This  is  curious ;  but  the  important  fact  is,  that  the  consumption  of  fuel  in 
the  conversion  of  water  into  st<^m  is  the  same,  whatever  be  the  pressore  of  steam 
produced. 


RECTTON    VII. — TUB   MECHANIOiL   FORCE   OF  STEAM    BY   ITS   BXPAI78I0N. 

1.  We  have  seen  how  a  piston  is  urged  from  one  end  to  another  of  a  cylinder  with 
a  definite  force  by  allowing  steam  to  flow  in  upon  it,  and  that  increased  efficacy  ia 
given  to  this  by  creating  a  vacuum  on  the  side  towards  which  the  piston  moves.  The 
steam  in  this  case  is  supposed  to  flow  from  the  boiler,  and  to  press  the  piston  for- 
ward with  a  certain  uniform  force.  The  piston  advances  because  a  fresh  portion  of 
steam  which  enters  the  cylinder  requires  more  room,  to  give  it  which  the  motion  <^ 
the  piston  is  necessary. 

When  as  much  steam  has  entered  in  this  manner  as  is  sufficient  to  fill  the  cylinder, 
then  the  piston  will  be  driven  to  the  extreme  end  of  it.  Now,  it  is  well  to  observe 
that  in  the  production  of  this  effect  no  quality  proper  to  steam,  or  which  disUngnishes 
steam  from  any  other  fluid,  is  concerned. 

If  a  liquid  (water,  for  example)  were  made  to  flow  into  the  cylinder  witii  the  same 
pressure  and  in  the  same  quantity,  it  would  produce  precisely  the  same  efiect ;  in  fact, 
the  steam  acts  thus  not  because  it  is  an  elatti4:  fluid,  but  because  it  is  Afiuidf  and  is 
urged  from  the  boiler  with  a  certain  force. 

2.  I  now  come  to  notice,  however,  a  mode  of  action  in  which  steam  performs  what 


STEAM    ENGINE.  433 

an  inelastic  flaid  could  not  perform  ;  one,  in  sliort,  in  which  it  prodoces  a  mechanical 
effect  in  virtue  of  that  property  which  eteam  enjoys  in  common  with  air  and  other 
gaseous  fluids,  and  in  which  inelastic  fluids,  such  as  water,  do  not  participate. 

3.  Let  us  suppose  that  the  steam  flowing  into  the  cylinder  acts  upon  the  piston 
with  a  certain  definite  force,  as  one  ton,  and  continues  so  to  act  as  long  as  it  enters 
the  cylinder. 

4.  Now  let  us  imagine  that  when  the  piston  has  been  thus  pushed  to  the  middle  of 
the  cylinder,  the  aperture  at  which  the  steam  enters  is  suddenly  closed,  so  as  to 
prevent  any  fresh  supply.  The  piston  will  then  be  no  longer  pushed  forward  by  any 
increased  quantity  of  steam  coming  from  the  boiler.  It  will  neyerthelesa  be  pressed 
by  the  elastic  force  of  the  steam,  just  as  it  would  be  by  the  elastic  force  of  air  under 
the  same  circumstances  ;  it  will  still  be  pressed  on  by  a  force  of  one  ton,  supposing 
that  no  adequate  resistance  obstructs  its  motion.  It  will  not  therefore  come  to  rest, 
but  will  continue  to  adTanoe.  As  it  advances,  the  steam,  expanding  into  a  larger 
space,  will  acquire  a  proportionally  diminishing  elastic  force,  and  will  press  on  the 
pistcm  with  a  force  less  than  a  ton,  in  exactly  the  same  proportion  as  the  space  occu- 
pied by  the  steam  is  greater  than  half  the  cylinder.  Ultimately,  when  the  pistoa 
arriyes  at  the  end  of  the  cylinder,  the  steam,  which  originally  filled  half  the  cylinder, 
will  fill  the  whole  cylinder ;  and  the  pressure  upon  the  piston,  which  was  originally  a 
ton,  will  then  be  in  round  numbers  half  a  ton. 

6.  It  appears  eyident,  then,  that  while  the  piston  is  thus  moved  through  the  latter 
half  of  the  cylinder,  it  is  urged  by  a  continually  decreasing  force,  which  begins  with  a 
ton,  and  which  ends  with  half  a  ton. 

6.  If  we  could  calculate  the  average  amount  of  this  moving  force,  we  could  at  once 
declare  the  mechanical  effect  which  is  produced  through  the  latter  half  of  the  cylinder 
in  virtue  of  the  expansive  power  of  the  steam. 

7.  At  first  view  it  might  appear  that  the  average  pressure  must  be  a  mean 
between  the  original  pressure  of  a  ton  and  the  final  pressure  of  half  a  ton,  and  that 
such  mean  would  therefore  be  three-quarters  of  a  ton.  But  such  a  conclusion  would 
be  erroneous. 

8.  The  method  of  calculating  the  exact  average  of  a  force  decreasing  in  the  manner 
we  have  described  requires  principles  of  the  higher  mathematics.  By  the  application 
of  these  principles  it  appears  that  the  exact  average  of  the  varying  pressures,  in  the 
case  we  have  described,  would  be  1545  lbs. 

9.  The  mechanical  effect,  therefore,  obtained  in  this  way  from  the  expansive  action 
of  the  steam  would  be  equal  to  1545  lbs.  driven  through  a  space  equal  to  half  the 
length  of  the  cylinder.  It  appears,  then,  that  nearly  75  per  oent.  has  been  added  to 
the  original  mechanical  efiicacy  of  the  steam  by  this  expedient. 

10.  It  may  be  asked  whether  there  be  any  limit  to  the  application  of  this  principle. 
It  is  known  that  other  flaids,  having  the  same  natural  properties  as  steam,  are  capable 
of  expansion  indefinitely,  and  it  might  at  first  be  imagined  that  there  is  no  limit  to 
the  augmentation  of  the  mechanical  force  which  might  thus  be  obtained  from  steam  ; 
but  practical  considerations  shew  that  there  are  not  only  limits,  but  comparatively 
narrow  ones,  to  its  application. 

11.  It  will  be  observed  that  the  piston,  which  is  urged  by  the  force  of  expansive 
steam,  is  acted  upon  by  a  continually  diminishing  power  of  impulsion.  When  the 
pressure  of  the  steam  becomes  by  expansion  less  than  the  load  which  such  piston 
drives  through  the  intervention  of  machinery,  including  the  natural  resistance  of  the 
machinery  itself^  then  it  is  clear  that  the  moving  power  will  cease  to  be  efiicacious, 
and  that  the  piston  must  come  to  rest. 

12.  The  inertia  of  the  machinery  may  continue  the  motion  somewhat  longer  than 
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• 
the  moment  at  which  an  eqailibriam  takes  place  between  the  resutaiiee  of  the  lottd 

and  the  preeenre  on  the  piston,  bat  this  effect  must  soon  expire. 

13.  The  expedient  by  which  the  expansire  principle  may  be  most  eoDTeniently  ex- 
tended is  to  nse,  in  the  commencement)  steam  of  high  pressare  and  gre«t  density ; 
each  steam  may  allow  of  considerable  expansion  before  it  loses  so  mii<^  of  its  force 
&9  to  be  redoced  to  an  eqailibriam  with  the  resistance  to  the  piston. 

14.  In  all  cases  the  expansive  principle  evidently  inyolves  a  eootiiraal  Tmriation  in 
the  impelling  power  of  the  piston. 

Now,  it  seldom  happens  that  there  is  any  similar  Tariatkui  in  the  reastanoe  which 
the  piston  is  reqaired  to  overcome  ;  and  in  that  case  an  irregnlarity  of  action  wonU 
ensae.  In  the  commencement,  the  energy  of  the  impelling  force  being  greater  than 
the  resistance,  an  accelerated  motion  woold  be  prodaced,  and  towards  the  end,  the 
impelling  force  becoming  less  than  the  resistance,  a  retarded  motion  would  be  the 
effect  A  great  variety  of  contrivances  have  been  suggested  by  mechanieal  inventon 
to  equalise  this  varying  action, — 

15.  The  most  common  and  the  most  beaotifal  of  which  is  the  fy^eeL  This  is  a 
heavy  wheel  of  metal,  well  centred,  and  taming  upon  its  axle  with  bat  little  friction^ 
so  that  the  force  necessary  to  keep  it  in  aniform  motion  is  inconsiderable.  The  vary* 
ing  action  of  the  piston  is  transmitted  to  this  wheel.  When  the  impulsive  force  is 
greater  than  the  resistance  to  the  load,  the  surplus  is  imparted  to  the  wheel,  to  which 
it  gives  a  slight  increase  of  speed.  Owing  to  the  great  mass  of  matter  in  the  wheel, 
an  increase  of  speed  which  is  scarcely  sensible  absorbs  an  immense  amonnt  of  moving 
force.  When  the  impulse  of  the  piston  by  the  exxMinsion  of  the  steam  becomes  leas 
than  the  resistance,  then  the  momentum  of  the  wheel  acts  npon  the  load,  and  that 
portion  of  surplus  force  which  was  previously  imparted  to  it  is  given  back,  and  the 
wheel  assists,  as  it  were,  the  diminished  pressure  and  the  piston  in  moving  the  load 
when  the  latter  becomes  enfeebled  by  the  extreme  expansion  of  the  steam. 

16.  The  fly-wheel  is  thus,  as  it  were,  a  magazine  of  force  which  gives  and  takes 
according  to  the  exigencies  of  the  machinery.  When  the  moving  force  is  in  exeess, 
the  fly-wheel  absorbs  the  surplus ;  when  the  moving  force  is  deficient^  the  fly-whed 
gives  back  what  is  absorbed. 

17.  Cases  occur,  however,  in  the  arts  in  which  the  resistance  to  be  overcome  by 
the  piston  is  of  a  gradually  decreasing  nature.  In  such  cases,  the  expansive  aetkm 
of  the  steam,  being  also  gradually  decreasing,  may  be  kept  in  equilibrio  with  the  work 
without  the  intervention  uf  the  equalising  action  of  the  fly-wheel.  Thus  if  the  piston 
work  a  pump  by  which  a  column  of  water  is  raised,  which  column  flows  off  at  the  top^ 
the  length  of  the  column,  and  therefore  its  weight,  is  greatest  when  the  buckets  of  the 
pump  begin  to  ascend,  and  least  when  they  arrive  at  the  summit  of  their  play.  The 
weight  in  the  buckets  is  in  this  case  of  oontinually  decreasing  amount,  like  the 
decreasing  force  of  expanding  steam. 

18.  But,  in  most  cases,  some  equalising  contrivance  is  necessary  where  the  expan- 
sive principle  is  extensively  used,  and  where  anything  approaching  to  uniform  action 
is  necessary. 

19.  The  expansive  action  of  steam  is  applied  in  steam  engines  in  various  ways,  but 
by  far  the  most  usiial  is  that  which  we  have  described  in  the  above  illustration,  by 
catting  off  the  supply  of  steam  at  some  point  before  the  completion  of  the  stroke. 
In  some  cases  it  is  cut  off  at  half-stroke,  in  some  at  one-third,  and  in  some  at  much 
smaller  fractions  of  the  entire  stroke.  In  other  cases  a  small  and  a  large  cylinder 
fitted  with  pistons  are  placed  side  by  side  and  the  steam  admitted  at  a  high  pressare 
into  the  smaller  oyliuder  is  there  cut  off  and  allowed  to  expand  into  the  larger 
cylinder. 
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BEOTIOR  yni. — HOW  A   VACUUM  18  PR0DU01D  WITHOUT   OOOLIirO  THE   Y1C8SEL 

CONTAININO   TBI   8TEAX. 

1.  With  whatever  force  the  piston  be  impelled,  the  effects  of  that  force  will  be 
evidently  angmented  by  an  ability  to  produce  a  vacanm,  or  even  a  partial  Tacnnm,  in 
that  part  of  the  cylinder  towards  which  the  piston  moves. 

2.  It  has  been  already  shown  that  this  may  be  accomplished,  if  the  cylinder  be 
previously  filled  with  steam,  by  exposing  the  steam  which  has  filled  it  to  the  contact 
of  cold.  If  a  cubic  foot  of  steam  at  212*  be  reconverted  into  water  by  cold,  it  will  be 
reduced  to  a  cubic  inch  of  that  liquid,  and  we  shall  have  the  entire  cubic  foot,  minus 
one  inch,  a  vacuum  ;  and  therefore,  for  every  cubic  foot  of  steam  in  the  cylinder  we 
shall  have  a  cubic  foot  of  vacuum  minus  one  cubic  inch. 

3.  But  here  we  encounter  a  practical  difficulty  which  long  remained  without  solu- 
tion. If  we  produce  the  vacuum  by  cooling  the  cylinder,  and  thus  condensing  the 
steam  it  contains,  we  shall  be  obliged,  on  the  next  stroke  of  the  piston,  when  the 
cylinder  must  be  refilled  with  steam,  to  raise  its  temperature  again  to  that  of  the 
steam  it  is  intended  to  contain  ;  for  otherwise  the  cylinder  itself  would  condense  the 
steam  intended  to  fill  it.  Now,  the  heat  necessary  thus  to  warm  the  cylinder  at 
every  stroke  of  the  piston  would  entail  upon  us  an  enormous  waste  of  fuel ;  yet  to  this 
waste  was  every  steam  engine  exposed  from  the  date  of  the  inTention  of  that  form  of 
the  engine  called  the  atmospheric  engine,  in  the  first  years  of  the  lost  century,  until 
the  year  1763,  when  Watt  solved  the  problem  to  condeme  ths  steam  vdthout  cooling  the 
cylinder, 

4.  Like  almost  all  discoveries  of  the  first  order  in  the  arts,  this  seems  astonishingly 
obvious  now  that  we  know  it ;  and  one  only  wonders  how  it  could  remain  for  more 
than  half  a  century  undiscovered,  human  invention  moreover  being  stimulated  by  the 
prospf^ct  of  a  reward  which  in  the  case  of  Watt  proved  to  be  a  princely  fortune. 

5.  The  first  expedient  suggested  in  the  progress  of  discovery  for  the  production  of 
a  vacuum  in  the  cylinder,  by  the  condensation  of  the  steam  within  it,  was  to  cool  the 
cylinder  itself  by  the  application  of  cold  water  on  its  external  surface. 

This  process  was  slow,  and  consequently  retarded  injuriously  the  rate  of  action  of 
the  machine.     Accident  suggested  a  much  more  prompt  and  effectual  method. 

It  happened  that  a  leak  took  place  in  the  bottom  of  a  cylinder,  at  a  point  where  a 
supply  of  cold  water  was  placed  ;  the  water,  pressed  by  the  atmosphere  through  the 
hole,  spirted  up  in  a  jet  within  the  cylinder,  and  in  an  instant,  by  its  contact  with  the 
steam,  condensed  it  and  produced  a  sudden  vacuum.  The  unusually  rapid  descent  of 
the  piston  attracted  the  attention  of  the  Engineer,  the  cause  was  investigated,  and 
the  method  of  cooling  the  cylinder  on  its  exterior  surface  was  thenceforward  abandoned. 
A  cock  or  valve  was  placed  at  the  bottom  of  the  cylinder,  by  which  cold  water  was 
injected  when  it  was  required  to  condense  the  steam,  and  another  was  provided  by 
which  the  water  and  condensed  steam  were  allowed  to  escape.  In  this  manner  the 
engine  continued  to  be  worked  until  the  application  of  the  invention,  which,  with  so 
many  others,  has  conferred  immortality  on  the  name  of  Watt. 

6.  Although  the  condensation  by  jet  has  the  advantage,  as  we  have  stated,  of 
being  prompt,  yet  the  cylinder  was  still  cooled,  and  the  waste  of  fuel  attendant  upon 
reheating  it  still  took  place.  It  is  true  that  a  jet  of  water  would  in  the  first  instance 
condense  the  steam  within  the  cylinder  without  materially  lowering  the  temperature 
of  the  cylinder  itself ;  but  the  effect  would  be  that  the  heat  of  the  cylinder,  acting  on 
the  water  contained  within  it,  would  immediately  reconvert  a  portion  of  such  water 
into  steam,  and  destroy  the  vacuum  before  it  could  take  effect  upon  the  piston.    It 
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was  therefore  necessary  to  throw  in  by  the  jet  as  ranch  cold  water  as  was  snfficient  not 
merely  to  condense  the  steam,  but  also  to  cool  the  cylinder  down  to  the  temperatare 
of  at  most  100** ;  and  even  at  this  temperature  a  portion  of  the  Tapour  was  still 
uncondensed,  which  impeded  injnrionsly  the  action  of  the  machine. 

7.  The  inyentlon  of  Watt  not  only  had  the  effect  of  producing  an  almost  perfect 
vacuum,  but  it  did  so  without  in  the  slightest  degree  lowering  the  temperatare  of  the 
cylinder.  The  idea  occurred  to  Watt  of  placing  near  the  cylinder  another  vesae] 
submerged  in  cold  water,  and  having  a  jet  of  cold  water  constantly  playing  within  it. 
Whenever  it  was  desired  to  condense  the  steam  in  the  cylinder,  he  opened  a  commn- 
nication  by  a  cock  or  a  valve  between  this  vessel  and  the  cylinder,  and  immediately 
the  steam,  by  its  elastic  force,  rushed  into  this  vessel,  and  was  instantly  condensed, 
leaving  in  the  cylinder  an  almost  perfect  vacuum,  and  at  the  same  time  exposing  the 
cylinder  to  no  cold  which  could  in  the  slightest  degree  lower  its  temperature. 

8.  The  vessel  here  described,  immersed  in  a  cistern  of  cold  water,  and  having  a  jet 
playing  in  it  was  called  a  condenser.  By  the  continuance  of  the  process  just  described 
such  vessel  would,  after  a  time,  not  only  be  filled  with  water  supplied  from  the  je^ 
and  the  condensed  steam  proceeding  from  the  cylinder,  but  it  would  also  contain 
more  or  less  air  which  would  enter  in  a  fixed  form  in  the  water,  and  which  would  be 
liberated  by  the  warmth  of  the  steam  condensed  by  the  waten  This  air  would  vitiate 
to  some  extent  the  vacuum  in  the  condenser,  into  which  it  would  pass  in  virtue  of  ita 
elasticity.  These  impediments  were  surmounted  by  the  adjunction  of  a  pump  to  the 
condenser,  by  which  the  water  supplied  by  the  jet  and  the  condensed  steam,  as  well 
as  the  air  just  adverted  to,  were  constantly  pumped  out. 

9.  This  is  called  the  air-pump. 

10.  The  water  surrounding  the  condenser,  unless  it  were  changed,  would  in  time 
become  warm,  and  fail  to  effect  the  condensation.  This  is  remedied  by  the  appUcaUon 
of  a  pump  and  waste  pipe  to  the  cold  cistern  in  which  the  condenser  is  silbnaerged. 
The  pump  continually  supplied  cold  water,  which,  by  its  comparative  weight,  had  a 
tendency  to  sink  to  the  bottom  ;  and  the  waste  pipe,  placed  near  the  sorfitce,  let 
escape  the  warm  water,  which,  by  its  comparative  lightness,  ascended  :  thus,  with 
these  arrangements,  the  method  of  separate  condensation  became  complete. 

11.  The  effect  of  this  invention,  with  a  few  others,  which  will  be  described  here- 
after, was  to  save  about  75  per  cent,  of  the  fuel  consumed  by  the  steam  engines  as 
previously  worked.  Watt  and  his  partner  Boulton  were  content  to  receive^  as  their 
reward  for  this  gift  to  the  arts,  one-third  of  the  saving  which  they  effected  ;  and  this 
one-third  proved  to  be  sufficient  to  enable  each  of  these  illustrious  men  to  leave  to 
their  descendants  magnificent  fortunes. 

SBCTIOR  IX. — THE   MECnANICAL  ACTIO V  OF  STEAM   MAT  BB  AUOMENTKP  BT 

HEAT   IMrABTED   TO   IT   DIREOTLT. 

1.  In  all  the  ordinary  applications  of  steam,  the  heat  imparted  is  applied  to  water 
from  which  the  steam  used  for  mechanical  purposes  is  raised.  Heat,  however,  may 
be  imparted  directly  to  the  steam  itself,  after  it  has  been  separated  from  the  water, 
and,  when  so  applied,  it  will  augment  in  a  certain  proportion  the  mechanical  efficacy 
of  the  steam. 

It  has  been  thought  by  some  projectors  that  heat  applied  in  this  way  might  be 
rendered  more  efficacious  than  when  applied  in  the  evaporation  of  steam  from  water. 
It  may  therefore  be  worth  while  to  exph&im  here  to  what  extent  the  mechanical  power 
of  steam  can  be  augmented  in  this  way. 

2.  It  is  a  remarkable  fact,  that  the  effect  of  heat  applied  to  air  and  all  species  of 
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gases  in  aagmenting  their  Tolnme  is  precisely  the  same.  It  is  found  that  if  air  or  any 
species  of  gas  be  confined  within  a  certain  Tolome,  and  that  heat  be  applied  to  it  until 
its  temperature  be  raised  one  degree,  its  elastic  force  will  be  aagmented  by  one  480th 
part  of  its  whole  amoant.  Thus  if  a  certain  snrfaoe  of  the  vessel  which  contains  it 
suffer  a  pressure  from  its  elastic  force  of  480  !bs.,  the  same  surface  will  suffer  a 
pressure  of  481  lbs.  from  the  temperature  of  the  air  or  gas  being  raised  one  degree. 

3.  Now  it  is  still  more  remarkable^  that  the  very  same  law  applies  to  every  species 
of  vapour,  that  of  water  included.  If  then  a  cylinder  containing  steam  excluded 
from  contact  with  water  be  exposed  to  any  source  of  heat,  it  will  receive  the  above 
augmentation  of  pressure  for  every  degree  by  which  its  temperature  is  elevated.  This 
increase  amounts,  in  round  numbers,  to  one-fifth  per  cent,  of  the  whole  mechanical 
effect. 

4.  It  is  scarcely  necessary  to  say  that  the  same  quantity  of  fuel  which  would 
produce  this  increase  of  mechanical  effect,  applied  directly  to  a  vessel  containing 
steam,  would  produce  a  greater  mechanical  effect,  applied  to  a  boiler  to  produce  steam 
from  water. 

It  is  therefore  not  necessary  to  dwell  further  on  this  principle,  as  invention  has  not 
yet  profitably  employed  it  in  the  case  of  steam. 

SECTION  X. — HOW  A  PISTON   IS   MADE  TO  MOVE  ALTERNATELY  PROM   END  TO 
END  OF   A  CYLINDER  WITH  A  DEFINITE   MECHANICAL  FORCE. 

1.  It  is  evident  that  if  steam  can  be  admitted  on  one  side  of  the  piston,  and  with- 
drawn on  the  other,  the  piston  will  move  in  obedience  to  the  pressure  on  the  side  at 
which  it  is  admitted. 

5.  If,  when  the  piston  arrives  in  this  manner  at  the  end  of  the  cylinder,  the  steam 
which  has  impelled  it  be  withdrawn,  and  at  the  same  time  steam  be  admitted  on  the 
other  side,  the  piston  will  move  back  again  from  exactly  the  sanra  cause. 

Thus  to  produce  the  alternate  motion  of  the  piston,  it  is  only  necessary  to  provide 
means  for  the  alternate  admission  and  escape  of  the  steam  at  each  end  of  the 
cylinder. 

3.  This  supposes  two  apertures  of  some  kind  at  each  end,  one  for  the  admission 
and  the  other  for  the  escape  of  the  steam  :  it  supposes  also  one  of  these  apertures  to 
communicate  with  the  boiler,  where  the  steam  is  generated,  and  the  other  to  com- 
municate with  the  condenser,  where  the  steam  is  destroyed. 

4.  It  supposes,  moreover,  some  means  of  alternately  stopping  and  opening  each  of 
these  apertures. 

The  means  whereby  this  is  effected  are  very  numerous. 

B.  It  may  be  done  by  stoppers  which  fit  steam-tight  into  holes,  from  which  they 
are  lifted  or  drawn,  and  to  which  they  are  returned  alternately,  just  as  the  stopper  of 
a  decanter  would  be^  only  that  they  are  made  more  conical,  in  order  that  they  may 
be  more  suddenly  opened  and  closed.  These  are  usually  made  of  brass  or  gun-metaf^ 
and  may  be  ground  so  as  to  fit  with  great  precision. 

These  contrivances  are  called  conical  valves.  Those  which  open  a  communication 
with  the  boiler  are  called  steam  valves^  and  those  which  open  a  communication  with 
^e  condenser  are  called  exhaust  valves. 

6.  Now  supposing  that  we  are  provided  with  such  contrivances,  and  are  supplied 
with  the  proper  mechanism  for  opening  and  closing  them,  nothing  can  be  more  simple 
than  to  work  the  engine. 

7.  Although  it  is  not  necessary  that  the  cylinder  be  placed  in  a  vertical  position, 
and  very  often  it  is  not  so,  ye^  for  the  convenience  of  explanation,  we  shall  here 
auppose  it  in  that  position^  and  we  shall  ^tinguisfa  the  two  steam  valves  as  the 
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upper  and  loweTf  and  the  same  with  the  two  exhaust  yalyes.  Let  us  then  sappoee 
the  piston  to  b^in  its  motion  at  the  top  of  the  cylinder,  and  let  the  ^linder  oiider 
it  be  imagined  to  be  filled  with  steam,  all  the  Yalves  being  cloeed.  Let  the  upper 
steam  valve  and  the  lower  exhaust  valve  be  simultaneously  opened.  Steam  will  flow 
through  the  upper  steam  valve  above  the  piston,  and  the  steam  below  the  piston  will 
flow  through  the  lower  exhaust  valve  into  the  condenser,  where  it  will  be  destroyed. 
We  shall  have  a  vacuum  under  the  piston,  and  the  pressure  of  steam  above  it.  The 
piston  will  therefore  descend  to  the  bottom  of  the  cylinder. 

8.  When  it  arrives  there,  let  the  two  valves,  which  have  just  been  supposed  to  be 
opened,  be  closed.  The  top  of  the  cylinder  will  now  be  shut  oflf  from  the  boiler,  and 
the  bottom  from  the  condenser.  At  the  same  time,  let  the  lower  steam  valve  and 
the  upper  exhaust  valve  be  opened.  The  steam  which  filled  the  cylinder  above  the 
piston  will  immediately  rush  to  the  condenser  through  the  open  exhaust  valve,  where 
it  will  be  destroyed,  and  steam  from  the  boiler  will  pass  below  the  piston  through  the 
lower  steam  valve.  Steam  pressure  will  therefore  act  below  the  piston  while  there  is 
a  vacuum  above  it,  and  the  piston  will  ascend  until  it  reaches  the  top  of  the 
cylinder.  The  constant  repetition  of  the  same  process  of  opening  and  closing  the 
valves  in  pairs  would  obviously  in  this  manner  continue  the  alternate  action  of  the 
piston  from  end  to  end  of  the  cylinder. 

9.  In  the  earlier  steam  engines  this  process  of  opening  and  closing  the  valves  was 
executed  by  the  hand  of  an  attendant,  and,  like  all  constant  mechanical  action  which 
depends  on  the  human  will,  was  done  irregularly.  It  soon  became  apparent  that  the 
piston  itself  could  be  made  to  execute  this  with  the  most  perfect  certainty,  regularity, 
and  precision.  Tradition  says  that  an  uneducated  child,  named  Humj^rey  Potter, 
was  the  inventor  of  this  improvement,  by  which  the  steam  engine  first  became  a  self- 
acting  and  self-regulating  machine. 

10.  From  what  has  been  above  explained  it  will  be  evident,  that  although  there 
are  four  independent  valves,  there  is  in  reality  only  a  single  motion,  and  that  all  the 
four  may  be  easily  managed  to  be  connected  so  that  the  motion  to  be  imparted  to 
them  may  be  effected  by  a  single  impulse  proceeding  from  any  convenient  part  of  the 
machinery. 

11.  When  the  piston  arrives  at  the  top  of  the  cylinder,  two  valves — ^the  upper 
steam  valve  and  lower  exhaust  valve — are  required  to  be  opened  ;  and  at  the  same 
moment  the  two  other  valves — the  lower  steam  valve  and  upper  exhaust  valve—* 
must  be  closed.  Now  as  all  these  movements  are  simultaneous,  it  may  be  easily 
imagined  that  the  four  valves  may  be  so  connected  that  a  single  movement  imparted 
to  them  should  open  one  pair  and  close  the  other  pair. 

12.  When  the  piston  arrives  at  the  bottom  of  the  cylinder,  a  single  motion  in  the 
contrary  direction  will  evidently  effect  the  object  to  be  attained,  that  is  to  say,  to 
open  the  lower  steam  valve  and  upper  exhaust  valve,  and  close  the  upper  steam  valve 
and  lower  exhaust  valve. 

18.  These  communications  between  the  ends  of  the  cylinder  and  the  boiler  on  the 
one  hand,  and  the  condenser  on  the  other,  are  often  governed  by  means  even  more 
simple  than  by  the  valves  we  have  just  described. 

1 4.  The  two  openings  or  ports  leading  to  either  end  of  the  cylinder  are  sometimes 
made  in  flat  surfaces  upon  which  metal  covers  or  slides  are  made  to  move  backwards 
and  forwards  by  means  of  a  rod  actuated  by  an  eccentric  on  the  working  shaft.  The 
slide  opens  and  closes  the  parts  alternately,  and  by  the  same  action  causes  the  escape 
of  the  waste  steam  into  the  condenser,  or  into  the  atmosphere.  The  slide  works  in 
a  chamber  called  the  valve  chest,  into  which  steam  passes  from  the  boiler. 

15.  These  contrivances  are  called  slidet. 
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16.  If  the  steam  be  used  ezpansiyely,  by  Bbutting  it  o£f  before  the  completion  of  the 
itroke,  the  times  of  opening  and  shutting  the  seyeral  apertures  will  not  be  the  same. 

17.  The  opening  by  which  the  steam  is  admitted  will  in  that  case  be  dosed  at  the 
moment  when  the  piston  has  completed  a  certain  part  of  the  stroke,  and  the  valve  for 
the  admission  of  steam  at  the  other  end  must  not  be  opened  till  the  end  of  the  stroke. 

18.  When  a  cylinder  is  so  worked,  there  will  then  be  three  epochs  in  each  stroke  at 
which  the  yalves  must  be  acted  upon, — at  the  commencement  when  the  steam  is  first 
admitted  to  impel  the  piston,  at  some  intermediate  point  when  its  influx  is  stopped, 
and  at  the  extremity  when  it  is  let  in  on  the  other  side.  If  oonical  Talves  be  used, 
such  as  we  have  first  described,  each  moving  independently  of  the  other,  it  is  easy  to 
conceive  how  these  efifects  may  be  produced ;  but  even  with  slides  they  are  also 
managed  by  so  adjusting  the  slide  to  the  opening,  that  by  two  successive  motions, 
made  at  di£ferent  points  of  the  stroke,  the  e£fect  is  produced.  At  the  commencement, 
the  slide  being  advanced  through  a  certain  space^  the  steam  is  admitted  on  the  one 
side  of  the  piston  and  withdrawn  from  the  other ;  at  an  intermediate  ]>oint,  the  slide 
being  further  advanced,  the  influx  of  steam  is  shut  off,  but  the  efflux  on  the  other 
side  still  permitted  ;  at  the  termination  of  the  stroke,  another  movement  of  the  slide 
admits  the  influx  on  the  other  side,  and  the  efflux  on  the  opposite  side. 

19.  The  efficiency  of  the  operation  of  the  piston  greatly  depends  on  its  being  steam- 
tight  in  the  cylinder.  The  least  leakage  from  the  one  side  to  the  other  would  cause 
the  steam  to  escape  to  the  vacuum  side.  It  is  true  that,  arriving  there,  it  would 
immediately  rush  to  the  condenser,  so  that  it  might  not  sensibly  impede  the  action  of 
the  piston,  but  it  would  still  be  a  source  of  waste  of  power. 

20.  Pistons  are  rendered  steam-tight  by  metallic  packing. 

21.  Between  the  two  plates  forming  the  top  and  bottom  of  the  piston  are  placed  a 
number  of  metallic  rings,  one  above  the  other,  so  as  to  fill  the  space  between  the  two 
plates,  and  having  their  diameters  a  little  less  than  that  of  the  cylinder  :  these  rings 
are  usually  cut  into  three  or  four  segments,  the  points  at  which  each  ring  is  out  not 
corresponding  with  those  at  which  the  rings  above  and  below  are  cut.  Within  these 
segments  are  placed  springs,  which,  acting  from  the  centre  of  the  piston,  urge  the 
segments  against  the  surface  of  the  cylinder.  The  construction  of  these  and  the  form 
of  the  cylinder  itself  have  been  brought  to  such  a  degree  of  precision,  that  these 
pistons  act  with  complete  efficacy ;  and  use,  instead  of  injuring,  improves  them. 

22.  In  all  the  preceding  explanations  it  has  been  supposed  that  the  steam  is 
admitted  at  either  end  of  the  cylinder  at  the  moment  that  the  piston  has  arrived  there, 
and  is  about  to  commence  its  action  in  the  opposite  direction.  In  practice^  however, 
it  is  convenient  to  admit  the  steam  a  little  before  the  moment  when  the  piston 
reaches  the  extremity  of  the  cylinder  :  this  is  attended  with  the  advantage  of  assisting 
to  break  the  shock  which  would  attend  the  sudden  change  in  the  direction  of  the 
motion  of  the  mass  of  matter  composing  the  piston  and  rod,  and  the  other  parts  of  the 
machinery  which  partake  of  their  alternate  motion.  The  steam  admitted  just  before 
ihc^  motion  of  the  piston  is  reversed,  acts  as  a  sort  of  cushion  to  receive  the  piston. 

23.  These  and  other  matters  of  practical  detail  in  the  operation  of  the  engine, 
render  the  time  of  opening  the  valves  a  very 'important  matter,  and  machinery  is 
accordingly  provided  for  regnlaUng  the  moment  o/  their  opening  with  the  greatest 
certain^  and  precision. 

SECTION  XI. — HOW  THE  ALTERNATE  MOTION  OP    THE   PISTON-ROD  IS  CONVEYED  TO 

THE  WORKING  BEAM. 

1.  In  most  stationary  engines  of  the  lai|;er  class,  the  power  exercised  by  the  piston 
in  a  steam  engine  is  in  the  first  instance  imparted  to  a  beam  called  the  working 
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beaniy  whicli  is  supported  on  a  fixed  axis,  and  which  vibrates  altematelj  upwards  and 
downwards. 

Now,  it  may  at  first  view  appear  that  we  might  at  once  impart  the  motion  of  the 
piston  to  the  beam  by  attaching  its  extremity  to  that  of  the  beam  by  a  common  joint 
and  pin,  but  the  slightest  reflection  will  show  that  such  an  arrangement  would  be 
incompatible  with  what  has  been  already  stated. 

2.  It  will  be  remembered  that  the  piston-iod  is  a  thick  rod  of  iron,  accurately 
formed  and  polished,  that  it  is  firmly  attached  to  the  centre  of  the  piston,  and  that 
the  construction  and  operation  of  the  cylinder  and  piston  require  that  the  rod  should 
accurately  move  in  a  straight  line  upwards  and  downwards.  Now,  the  end  of  the 
beam,  which  vibrates  alternately  on  a  horiaontal  axis,  will  move  alternately  upwards 
and  downwards,  but  not  in  a  straight  line.  It  will  move  alternately  in  the  are  of  a 
circle,  the  centre  of  which  will  be  that  of  the  axis  on  which  the  beam  yibrates.  I^ 
then,  we  attempt  to  connect  immediately  the  end  of  the  piston  with  the  end  of 
the  beam,  the  consequence  will  be  that  the  end  of  the  piston,  following  the  motion 
of  the  end  of  the  beam,  will  be  moved  alternately  upwards  and  downwards,  in  a 
circular  arc,  and  consequently  would  be  strained  or  bent,  and  its  action  in  the 
cylioder  disturbed. 

3.  There  are  several  ways  of  surmounting  this  difficulty,  all  of  which  consist  in 
interposing  between  the  end  of  the  piston-rod  and  the  end  of  the  beam  some  piece 
of  mechanism  which  will  allow  the  rectilinear  motion  of  the  one  and  the  alternate 
circular  motion  of  the  other. 

4.  The  most  simple  expedient  of  this  kind  consists  of  a  rod  of  metal,  working  at 
one  end  by  a  pivot  on  the  beam,  and  at  the  other  by  a  pivot  on  the  end  of  the  piston- 
rod.  In  this  ease,  however,  there  would  still  be  a  liability  to  straining  the  piston-rod 
from  its  rectilinear  motion,  were  it  not  regulated  by  some  species  of  gnide.  A 
common  method  of  effecting  this  is  to  attach  at  the  top  of  the  piston-rod  a  eross  piece 
BO  as  to  make  with  it  a  form  like  the  letter  T.  The  ends  of  this  cross  piece  are  made 
to  slide  on  fixed  upright  rods,  or  between  fixed  flat  plates  of  iron,  called  **  Chtidei,**  so 
that  these  last  may  resist  any  tendency  to  strain  the  piston.  The  joint  or  joints 
connecting  the  piston  with  the  end  of  th^  beam  may  be  attached  to  the  ends  of  tlte 
eross  piece. 

5.  It  is  not  indispensably  necessary  that  a  beam  should  be  employed  at  all,  and  in 
some  engines  of  small  magnitude  and  compact  form  it  is  omitted.  A  rod  is  brought 
from  the  croas  head  of  the  piston  directly  to  the  crank  pin  of  the  main  working  shaft. 

6.  In  many  cases,  and  especially  in  the  large  class  of  steam-engines  used  in  England 
in  manufactories,  the  piston-rod  is  connected  with  the  beam  by  a  contrivance  called  s 
parallel  motion.  This  is  a  combination  of  rods,  so  arranged  and  joined  together  thai 
while  one  of  their  pivots  is  moved  alternately  in  a  circular  are,  like  the  end  of  the 
beam,  some  point  upon  them  will  be  moved  alternately  upwards  and  downwards  in  s 
straight  line. 

7.  A  great  variety  of  combinations  and  proportions  are  capable  of  effecting  this 
with  sufficient  precision  for  all  mechanical  purposes,  but  that  whieh  is  best  known  as 
the  parallel  motion,  and  which  is  due  to  the  invention  of  the  celebrated  Watty  is  in 
principle  as  follows.     (See  the  figure  in  the  next  page.) 

8.  Let  two  equal  rods  o  b  and  o  n  be  attached  by  pivots  to  two  fixed  points  at  o  and 
o,  on  which  they  shall  be  at  liberty  to  play  alternately  upwards  and  downwards  in  tha 
circular  arcs  b'  b"  and  i>'  d"  ;  but  let  their  play  be  limited  to  small  arcs.  Now,  let  a 
third  rod  b  n  be  connected  by  pivots  with  the  ends  of  the  two  former. 

Let  a  point  x  be  marked  at  the  middle  of  the  rod  B  D.  Now  if  o  B  be  made  to 
vibrate  on  its  centre  o  alternately  in  the  arc  b'  b",  which  will  cause  at  the  SOM  tznui 
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0  D  to  Yibrate  alternately  in  the  arc  d'  d",  it  will  be  found  that  the  point  u  will  ascend 
and  descend  in  a  line  m'  u",  which  will  not  deviate  sensibly  from  a  straight  line,  in  a 
vertical  direction  ;  in  fact,  if  a  pencil  were  attached  to  the  point  M,  and  a  surface  held 
behind  it^  such  pencil,  by  the  motion  of  the  rods,  would  trace  a  vertical  line  upon  the 
surface. 

Now,  if  we  imogine  c  b  to  represent  the  beam  of  the  engine,  and  o  d  and  b  d  rods 
connected  with  it  in  the  manner  already  described,  o  being  attached  to  a  fixed  pivot, 
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then  the  point  ai,  being  attached  to  the  top  of  the  piston-rod,  will  move  with  it  freely 
upwards  and  downwards  in  a  true  vertical  line,  and  will,  through  the  combination  of 
rods  just  described,  impart  motion  to  the  end  of  the  beam  b. 

9.  To  demonstrate  strictly  this,  would  require  the  application  of  mathematical 
principles  not  compatible  with  our  preseut  object ;  nor,  indeed,  is  it  strictly  true,  in 
a  geometrical  sense,  that  the  motion  of  the  point  m  takes  place  in  a  straiglit  line ;  its 
deviation,  however,  from  a  vertical  line,  within  the  limits  of  the  play  given  to  the 
beam  and  piston,  is  so  extremely  small  as  to  have  no  practical  effect  whatever. 

The  general  effect  of  the  combination  here  described  may  be  understood  thus  : — 
When  the  point  b  is  moved  upwards  to  b',  the  upper  extremity  of  the  rod  b  d  is  drawn 
a  little  to  the  right,  and  at  the  same  time  the  lower  extremity  d,  being  moved  to  i/, 
is  drawn  a  little  to  the  left.  When  the  extremity  b  descends  to  b",  the  extremity  d 
descends  to  J>'\  and  the  ends  are  again  drawn  the  one  a  little  to  the  right  and  the 
other  a  little  to  the  left.  It  will  be  easily  understood  that  iu  this  case,  while  the 
ends  of  the  rod  b  d  are  thus  alternately  made  to  move  right  and  left,  there  will  be  an 
intermediate  point  of  it  which  will  neither  deviate  on  the  one  side  nor  on  the  other. 
The  upper  half  of  the  rod,  in  fact,  is  continually  inclined  towards  the  right,  and  the 
lower  lialf  towards  the  left,  the  middle  point  being  afiected  by  neither  motion,  and 
therefore  being  moved  vertically  upwards  and  downwards  in  a  direct  straight  line. 
This  is  the  principle  of  the  parallel  motion. 

•10.  In  its  practical  application  it  appears  somewhat  more  complicated,  for  in  order 
to  accommodate  the  arrangements  of  the  beam  and  piston-rod,  a  great  number  of  rods 
and  joints  are  necessary  to  be  used  ;  but  these  are  mere  matters  of  mechanical  conve- 
nience, and  have  no  effect  upon  the  principle  of  the  arrangement. 
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It  is  therefore  hot  apparent  that  the  alternate  motion  of  the  piston-rod  upirardB 
and  downwards  in  a  straight  line  imparts  a  corresponding  alternate  motion  to  the  end 
of  the  working  beam  in  a  circalar  arch« 

11.  Although  we  have,  as  usual,  here  described  the  arrangements  as  if  the  cylinder 
were  vertical  and  the  beam  placed  over  the  piston-rod,  this  position  is  neither 
necessary  nor  is  it  invariably  adopted.  Sometimes  the  beam  is  placed  below  the 
cylinder,  and  the  rods  of  the  parallel  motion  or  connections,  with  the  cross  head  and 
guides,  are  made  of  sufficient  length  to  extend  down  to  the  beam.  Sometimes  the 
cylinder  is  horizontal  and  the  beam  vertical,  and  cases  even  occur  in  which  it  is 
found  convenient  to  place  the  cylinder  in  an  inclined  position ;  but  all  these  are 
matters  of  arrangement  to  be  determined  by  the  circumstances  in  which  the  engine  is 
applied,  and  have  nothing  whatever  to  do  with  its  mechanical  principle. 


SECTION  XII.— now  THE  ALTERNATE  MOTION  OP   THB  WORKING  BEAM   PRODUCES 

A  MOTION  OF   CONTINUED   ROTATION. 

1.  Of  all  sorts  of  motion,  that  which  is  most  frequently  required  n  the  arts  ia  one 
of  continued  rotation.  Mills 
in  factories  of  every  kind  are 
impelled  by  machinery  which 
receives  its  motion  from  a 
wheel  kept  in  constant  rota- 
tion. 

Ships    impelled    by   steam 
engines    over    the    deep    are 
driven   by    paddle-wheels    or 
screws,    to   which  constant   rotation  must  be  im- 
parted.   Carriages  on  railways  are  propelled  by  com- 
pelling one  or  more  of  their  wheels  to  revolve  con- 
tinually by  the  application  of  adequate  power  to  it. 
This  is  so  evident,  that  one  of  the  first  and  most  im- 
portant problems  the  steam  engineer  has  to  solve  is 
how  to  make  the  alternate  motion  of  the  piston-rod 
produce  the  continued  rotation  of  a  wheel. 

2.  The  contrivance  by  which  this  is  effected 
almost  universally  is  called  a  connecting  rod  and 
cranJc. 

The  crank  is  an  arm  sometimes  attached  to  the 
centre  of  the  wheel  to  which  revolution  is  desired 
to  be  imparted,  and  the  wheel  is  made  to  revolve 
by  it  by  the  same  mode  of  action  as  that  by  which 
a  winch  turns  a  windlass. 

Thus,  if  K  be  the  centre  to  wliich  motion  is  to  be 
imparted,  k  i  is  an  arm  or  lever  fixed  upon  such 
centre.  A  pin  called  the  cranh-pin  is  attached  to 
this  at  I,  which  forms  the  joint  by  which  the  con- 
necting rod  is  united  with  the  crank,  i  n  is  a 
strong  iron  rod  extending  from  the  crank  pin  to  the 
end  of  the  working  beam,  with  which  it  is  connected 
by  a  similar  pin.  The  weight  of  this  connecting 
rod  is  so  adjusted  that  it  exactly  balances  the 
weight  of  the  piston  and  its  rod  attached  to  the  other  end  of  the  beam.     In  the 
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fignre  the  crank  is  represented  by  dotted  lines  in  the  different  positions  which  it 
assumes  as  it  revoWes.  As  the  end  of  the  beam  is  moved  npwards  and  downwards, 
the  crank  will  be  tamed  round  the  centre  k,  and  a  motion  of  continued  rotation  will 
be  produced,  which  will  be  communicated  to  any  wheel  fastened  upon  the  axle  K. 

3.  To  make  the  action  of  the  piston  upon  the  crank  perfectly  clear,  let  it  be  sup- 
posed that  the  piston  is  in  its  descending  stroke.  The  force  of  the  steam  upon  it  is 
imparted  by  the  rod  and  the  intermediate  mechanism  to  the  end  of  the  beam  which 
is  drawn  down.  At  the  same  time  the  other  end  of  the  beam,  with  the  connecting 
rod,  is  drawn  up.  The  crank  is  thus  made  to  ascend  from  its  lowest  to  its  highest 
position,  to  which  it  arrives  when  the  piston  has  reached  the  bottom  of  the  cylinder. 
When  the  piston  ascends,  the  force  of  the  steam  is  in  like  manner  transmitted  to  the 
beam  by  the  piston-rod,  which  is  made  to  ascend,  and  the  opposite  extremity,  with 
the  connecting  rod,  descends,  by  which  the  crank  is  driven  to  its  lowest  position 
on  the  side  opposite  to  that  on  which  it  ascended,  aud  thus  a  motion  of  continued 
rotation  is  produced. 

4.  But  in  this  action  there  are  particulars  necessary  to  be  noticed.  There  are  two 
positions  which  the  crank  assumes,  in  each  revolution,  at  which  the  force  of  the  piston 
can  have  no  effect  in  continuing  its  motion  :  these  positions  are  those  which  the 
crank  assumes  when  the  piston  is  at  the  top  and  at  the  bottom  of  the  cylinder,  the 
points  at  which  it  changes  the  direction  of  its  motion.  When  the  piston  is  at  the 
bottom  of  the  cylinder,  the  crank-pin  is  immediately  above  the  axis  to  which  the 
crank  is  attached  :  in  this  position  the  force  of  the  piston  would  have  no  other  effect 
than  to  press  the  crank  perpendicularly  ujwn  the  axle,  and  evidently  would  have  no 
effect  whatever  in  making  it  revolve.  If  we  were  to  suppose  then  the  entire  ma- 
chinery at  rest  in  this  position,  the  steam  acting  on  it  could  not  put  it  into  motion. 

5.  Again,  if  we  suppose  the  piston  to  be  at  the  top  of  the  cylinder,  the  crank-pin 
will  then  be  at  its  lowest  point,  and  will  be  directly  under  the  axle  :  the  effect  of  the 
steam  acting  above  the  piston  would  then  be  to  press  the  crank-pin  upwards  against 
the  axle,  but  it  could  have  no  influence  in  turning  it.  If,  therefore,  the  machinery 
were  at  rest  in  this  position,  it  could  not  be  put  in  motion  by  the  steam. 

In  any  intermediate  position,  however,  the  connecting  rod  would  act  on  the  crank 
with  a  leverage  more  or  less  effective,  and  would  move  it. 

6.  The  two  points  which  we  have  here  described,  at  which  the  crank-pin  assumes 
its  highest  and  lowest  position,  are  usually  called  the  dectd  points. 

Now  it  may  be  asked  why  the  engine  does  not  cease  to  move  every  time  the  crank- 
pin  arrives  at  these  dead  points,  seeing  that  there  the  moving  power,  however 
energetic,  can  have  no  effect  on  it. 

7.  The  answer  is,  that  the  machinery  is  extricated  from  this  mechanical  dilemma 
in  virtue  of  the  common  property  of  matter  called  inertia^  by  reason  of  which,  when 
it  has  acquired  any  definite  motion  in  any  certain  direction,  it  will  not  suddenly  stop, 
even  though  it  be  impelled  by  no  external  force,  but  will  continue  to  move  until  the 
momentum  it  had  acquired  be  exhausted  by  friction  and  other  resistance. 

8.  Since,  then,  the  motive  power  continues  to  exercise  more  or  less  force  up  to  the 
dead  points,  the  machinery,  arriving  at  them,  has  some  definite  motion,  and  the 
momentum  consequent  upon  that  motion  carries  the  crank  out  of  the  critical  position 
we  have  referred  to. 

9.  But>  independently  of  the  dead  points,  there  are  other  circumstances  attending 
the  action  of  the  connecting  rod  on  the  crank,  which  are  necessary  to  be  explained. 
By  the  intervention  of  the  beam,  the  force  of  the  piston  is  transmitted  to  the  crank- 
pin  in  the  direction  of  the  connecting  rod.  Now  by  observing  the  diagram  above 
given,  shewing  the  successive  positions  of  the  connecting  rod  and  crank,  it  will  be 
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seeu  that  twice  in  cacb  revelation  the  connecting  rod  ifl  at  right  angles  with  the 
crank,  but  that  in  other  positions  it  is  more  or  less  obliqne  to  it ;  the  extremea  of  the 
obliquity  terminating  alternately  in  the  dead  points,  in  one  of  which  the  oonneGtiog 
rod  and  crank  are  brought  into  a  continued  straight  line,  and  in  the  other  the  crank 
is  as  it  were  doubled  on  the  connecting  rod. 

10.  Without  resorting  to  the  language  of  technical  geometry,  it  will  be  apparoit 
that  the  action  of  the  connecting  rod  on  the  crank  is  most  energetic  when  thej  are 
at  right  angles  :  and  that  according  as  they  become  more  and  more  oblique,  and 
approach  the  dead  points,  the  action  becomes  less  and  less  cffectiTe.  It  diminishes 
rapidly  in  approaching  these  points,  and  is  altogether  extinguished  on  arriTing  at 
them.  It  appears  then  that  the  action  of  the  connecting  rod  on  the  crank  is  subject 
to  a  regular  Tariatiou  in  each  scmi-rcvolution :  a  maximum  when  they  are  at  right 
angles,  it  diminishes,  and  at  length  vanishes  when  it  arrives  at  the  highest  point ; 
then,  in  descending,  it  re-appears,  augments,  and  is  a  maximum  at  the  point  where 
they  are  at  right  angles ;  then  it  again  diminishes  gradually,  and  ultimately  vanishes 
at  the  lowest  point ;  having  passed  which,  it  again  re-appears,  augments,  and  is  a 
maximum  when  it  assumes  its  rcctanguUr  attitude. 

11.  Now  although  the  inertia  of  that  portion  of  the  machinery  which  is  once  put 
in  revolution  be  sufficient  to  prevent  the  motion  from  ceasing,  and  the  engine  ooming 
to  a  dead  lock  when  the  crank-pin  comes  to  the  dead  points,  yet  it  is  not  generaUy 
sufficient  to  prevent  a  very  great  inequality  of  motion  from  arising  from  the  canse 
which  we  have  here  explained.  An  expedient  accordingly  has  been  resorted  to,  which 
perfectly  counteracts  this  inconvenience,  and  equalises  the  motion.  This  expedient  is 
the  fly-wheel,  which  we  have  already  described. 

12.  The  fly-wheel  is  placed  on  the  same  axle  K  as  the  crank,  and  it  is  made  to 
revolve  simultaneously  with  the  crank.  This  wheel  is  so  nicely  balanced  on  its 
centre,  and  moves  with  so  little  friction,  that  it  absorbs  a  very  inconsiderable  portion 
of  the  moving  i)ower.  It  is  usually  made  of  very  large  diameter,  and  its  ring  or 
circumference  is  composed  of  a  very  ponderous  mass  of  metal.  All  this  metal  is  put 
in  motion  by  the  moving  power,  and,  from  its  great  mass,  has  a  considerable  mo- 
mentum even  when  the  velocity  is  moderate.  When  the  crank  is  at  the  dead  points, 
this  mass,  by  its  momentum,  continues  the  revolution,  and  carries  the  crank  into  a 
new  attitude,  where  the  moving  power  exercises  an  influence  on  it.  When  the  crank 
and  connecting  rod  arc  in  that  position  in  which  their  action  is  most  energetic,  the 
fly-wheel  absorbs  a  part  of  the  moving  power.  As  the  crank  approaches  the  position 
in  which  the  action  of  the  moving  power  upon  it  becomes  enfeebled,  the  fly-wheel 
gives  back  to  the  machinery  such  surplus  power  as  it  received  when  the  action  of  the 
crank  was  most  energetic. 

13.  Between  the  fly-wheel  and  the  engine  there  is,  therefore,  a  continual  redpro- 
city  of  action  and  interchange  of  power,  which  in  practice  completely  equalises  the 
velocity ;  and  there  is  in  fact  no  perceptible  di£ference  between  the  speed  of  the 
movement  at  the  dead  points,  where  the  moving  power  loses  its  influence,  and  at  the 
middle  of  the  stroke,  where  its  action  is  most  effective. 

14.  To  minds  not  very  familiar  with  mechanical  considerations,  it  may  seem 
cxti-aordinary  that  the  intense  action  of  the  moving  power  upon  the  fly-wheel  at  the 
middle  of  the  stroke  should  not  at  these  points  produce  a  perceptible  acceleration 
in  its  motion,  and  a  corresponding  irregularity,  therefore,  in  the  motion  of  the 
machinery  which  it  drives  ;  but  it  must  be  considered  that  the  excessive  mechanical 
force  exerted  at  the  middle  of  the  stroke  is  imparted  to  a  great  mass  of  metal  col- 
lected in  the  rim  of  a  very  large  wheel.  Now  the  velocity  which  a  given  force 
produces  is  diminished  in  the  direct  proportion  of  the  mass  of  matter  to  which  it  is 
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imparted :  tbuB  a  force  which  would  gire  a  certain  speed  to  a  ton  of  metal  would 
giTc  only  a  tenth  part  of  snch  speed  to  10  tons.  The  weight  collected  in  the  rim  of 
the  fly-wheel  is  so  great  that  the  excess  of  power  of  the  engine  at  the  middle  of  the 
stroke,  when  imparted  to  it,  produces  an  inconsiderable  increase  of  speed.  Bui  this 
increase  of  speed,  inconsiderable  as  it  is,  is  produced  on  the  circumference  of  a  Tery 
large  circle,  and  the  mass  of  matter  thus  mored  must  be  carried  through  a  rery 
considerable  space  in  making  even  a  single  reyolution.  Thus,  what  between  the 
great  mass  of  metal  collected  in  the  rim  of  the  fly-wheel  and  the  great  diameter  of 
the  fly-wheel  itself,  the  unequal  action  of  the  crank  is  rendered  absolutely  imper- 
ceptible. 

15.  In  some  elementary  works  on  the  steam  engine,  proceeding  from  persons  who, 
howerer  respectable  their  practical  attainments,  are  deficient  in  mathematical  know- 
ledge, the  crank  is  represented  as  an  imperfect  contrivance,  and  an  extensive  source 
of  waste  of  power,  owing  to  unequal  action. 

Nothing  can  bo  more  fallacious  than  the  reasoning  of  such  writers.  It  can  be 
demonstrated  by  the  most  strict  geometrical  reasoning,  and  the  result  is  verified  by 
experience,  that  in  the  action  of  the  crank  and  fly-wheel  there  is  no  other  loss  ot 
power  than  such  as  is  incidental  to  the  common  and  well -understood  causes  of  friction 
and  atmo.«pherio  resistance. 

16.  Owing  to  such  fallacious  notions,  much  valuable  inventive  power  has  been 
wasted  in  attempts  after  the  contrivance  of  what  are  called  rotatory  steam  enffinea, 

A  rotatory  steam  engine  is  one  by  means  of  which  a  movement  of  continued 
rotation  may  be  immediately  given  to  a  piston,  or,  in  other  words,  by  which  the 
power  of  the  steam  can  be  immediately  applied  to  a  revolving  wheel  without  the 
interposition  of  a  piston,  cylinder,  beam,  and  crank.  If  such  an  application  could  be 
contrived  without  the  various  countervailing  losses  of  power  which  have  hitherto 
invariably  attended  such  projects,  it  would  certainly  have  some  advantages  ;  but  it  is 
not  easy  to  see  how  such  an  object  can  be  attained,  and  at  all  events,  notwithstand- 
ing the  expenditure  of  a  vast  amount  of  ingenuity  and  capital,  it  has  never  yet  been 
effected. 

17.  Cases  occur,  as  for  instance  in  the  locomotive  and  marine  engine,  in  which  a 
fly-wheel  cannot  conveniently  be  attached  to  the  steam  engine,  and  yet  where  uni- 
formity of  action  is  necessary.  In  such  cases  the  object  is  usually  attained  by  using 
two  cylinders,  which  drive  two  cranks  constructed  on  the  same  axle,  but  having  such 
positions  that  when  either  is  at  its  dead  point,  the  other  is  at  its  point  of  maximum 
efllciency.  Thus,  while  the  efficiency  of  one  crank  increases,  the  other  diminishes, 
and  vice  rend,  and  the  sum  of  their  actions  at  all  times  is  nearly  the  same. 

SECTION   XIII. — now  THE  STEAM   ENaiKE  IS   BBKDEBED  A  SELf-AOTIHO   UACniXE. 

1.  We  have  already  stated  that  this  is  accomplished  by  making  the  engine  open 
and  close,  at  the  proper  times,  the  valves  by  which  steam  is  admitted  to  and  dis- 
charged from  the  cylinder.  In  the  earlier  engines  this  was  accomplished  by  a  bar  or 
rod  attached  to  the  end  of  the  working  beam,  and  carried  down  parallel  to  the  cylin- 
der. On  this  bar  were  attached  pins,  so  placed  that  as  it  ascended  and  descended 
they  struck  the  handles  or  levers  of  the  respective  valves,  and  opened  or  closed  them, 
as  the  case  might  be.  This  method  is  still  used  in  sume  of  the  larger  class  of  engines 
applied  to  the  pumping  of  water.  Where  slides  are  used  (as  indeed  is  almost  invari- 
ably the  case),  they  are  generally  moved  by  an  apparatus  attached  to  the  crank  shaft, 
called  an  eccentric. 

2.  This  consists  of  a  circular  plate  of  metal  b  d,  which  is  fixed  upon  a  point  a  at 
some  distance  from  the  geometrical  centre.    Bound  this  eccentric  point  it  is  made  to 
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rcYoIve,  and  in  reyolving  it  is  evident  that  its  geometrical  centre,  rerolving  ronncl  its 
centre  of  motion,  will  be  thrown  alternately  to  the  right  and  to  the  left  of  such 
centre. 

3.  Now  let  us  suppose  this  circular  plate  to  be  surrounded  by  a  ring,  within  vhicb 
it  is  capable  of  turning,  but  so  that  the  ring  shall  not  turn  with  it. 

Then  such  ring  will  be  thrown  alternately  to  the  left  and  to  the  right  of  the  centre 
on  which  the  eccentric  plate  is  made  to  turn,  and  the  length  of  its  plaj,  ri^ht  and 
left,  will  be  equal  to  twice  the  distance  of  the  geometrical  centre  of  such  circular 
plate  from  the  centre  on  which  it  turns.  In  the  figure  annexed,  o  is  the  centre  on 
which  the  circular  plate  rcrolves  ;  c  is  its  geometrical  centre  ;  v  I  is  the  ring  which 
em]>raccs  it,  and  within  which  it  can  turn.     To  this  ring  is  attached  a  connecting  rod 


or  frame,  lmh.  As  the  centre  c  is  thrown  alternately  right  and  left  of  o  by  the 
revolution  of  the  plate,  the  point  m  receives  a  horizontal  motion,  right  and  left,  to  a 
like  extent. 

This  motion  is  transmitted  by  means  of  levers  to  the  slides  of  the  engine  by  obvious 
and  well-known  mechanical  contrivances. 


SECTION   XIV. — HOW   THE   MECHANICAL  EFFECT   KXERTED  BY  THE  PISTOK   IS 

ASCERTAIN  LD. 

1.  Wliatever  be  the  circumstances  under  which  the  engine  is  worked,  it  will  never 
happen  tliat  throughout  the  entire  length  of  the  stroke  the  pressure  of  steam  on  the 
]  listen  will  be  exactly  the  same.  Still  less  will  it  happen  that  the  vacunm  towards 
wliich  the  piston  moves  will  be  uniformly  perfect. 

The  moment  the  exhausting  valve  is  oijencd,  the  steam  begins  to  rush  from  the 
cylinder  to  the  condenser,  but  its  condensation  is  not  instantaneous.  The  firvt 
portion  which  mingles  with  the  jet  produces  warm  water,  from  whence  steam  ia  repro- 
duced ;  and  it  is  not  until  so  much  cold  water  has  baen  mixed  with  the  steam  as  will 
reduce  its  temperature  considerably  below  100",  that  the  vacuum  in  the  cylinder  will 
become  practically  perfect. 

2.  The  more  speedily  this  effect  is  produced,  the  more  efficient  will  be  the  opera- 
tion  of  the  machine,  but  it  never  is  produced  until  the  pistc*)^  has  already  made  some 
portion  of  the  stroke.  Tlic  piston,  therefore,  begins  to  move  against  a  vapour  which 
offers  some  resistance  more  or  less  consideraljle,  and  the  impelling  power  of  the  steam 
at  the  other  side  is  to  such  extent  neutralised.     This  resistance  gradually  diminishes, 
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and  when  the  piston  has  made  a  certain  portion  of  the  stroke,  it  will  hare  been 
reduced  to  its  minimnm  amount. 

It  is  evident,  then,  that  this  resistance  mnst  be  ascertained  and  calculated  before 
we  can  determine  the  mechanical  efficiency  of  the  piston. 

8.  But  this  is  not  all ;  the  steam  which  impels  the  piston  never  acts  throughout  the 
stroke  with  uniform  effect.  When  it  acts  expansively,  being  cut  off  at  some  deter- 
minate point  of  the  stroke,  we  have  already  seen  that  it  acts  with  an  uniformly 
diminished  pressure ;  but  even  where  the  expansive  principle  is  not  used,  the  steam 
is  still  cut  off  a  little  before  the  completion  of  the  stroke. 

4.  There  is  still  another  point  to  be  attended  to.  We  are  able  by  easy  means  to 
ascertain  the  pressure  of  steam  in  the  boiler,  but  it  would  be  a  great  mistake  to 
assume  that  this  must  be  the  pressure  of  the  steam  in  the  cylinder.  In  passing  from 
the  boiler  to  the  cylinder,  the  steam  has  to  force  its  way  through  various  passages, 
•ome  of  which  are  very  contracted,  and  in  so  doing  it  suffers  an  effect  which  engineers 
express  technically  by  the  term  wire-drawn.  In  fact,  the  steam  loses  somewhat  of  its 
density  before  it  reaches  the  cylinder.  If,  then,  we  would  know  the  real  mechanical 
pressure  on  the  piston,  we  must  measure  directly  the  pressure  of  the  steam  in  the 
cylinder,  and  not  derive  our  knowledge  from  its  pressure  in  the  boiler. 

6,  If  we  can  at  each  successive  point  of  the  stroke  ascertain  the  exact  pressure  of 
the  steam  which  impels  the  piston,  and  also  the  pressure  of  the  uncondensed  vapour 
which  resists  it,  we  have  only  to  subtract  the  one  from  the  other  to  obtain  the 
efficient  pressure  on  the  piston  at  the  moment ;  and  if  we  can  do  this  successively 
throughout  the  entire  stroke,  we  shall  obtain  the  total  mecbanical  efficiency  of  the 
engine. 

a.  A  beautiful  little  instrument  was,  among  the  numerous  results  of  his  fertile 
genius,  invented  by  Watt  for  this  purpose,  called  an  indicator,  (See  Section  xxyu., 
title  ^*  Wat  fa  Indicator")  It  consists  of  a  brass  cylinder,  something  less  than  2  inches 
in  its  internal  diameter,  and  from  8  to  12  inches  in  length.  It  is  bored  with  extreme 
accuracy,  and  a  solid  piston  moves  steam-tight  in  it  with  very  little  friction. 

7.  This  cylinder  is  open  at  the  top,  and  the  piston-rod  is  kept  precisely  in  its  axis 
by  passing"  through  a  ring  placed  near  the  top.  A  spiral  spring  surrounds  the  rod  of 
the  cylinder,  and  is  attached  at  one  end  to  the  ring  through  which  the  rod  plays,  and 
at  the  other  end  to  the  piston.  When  no  force  acts  on  the  piston,  and  this  spring  is 
therefore  neither  extended  nor  compressed,  the  piston  stands  at  the  centre  of  the 
length  of  the  cylinder ;  when  any  force  presses  the  piston  upwards,  the  spring  is 
compressed,  and  the  piston  rises ;  and  when  any  force  presses  the  piston  downwards, 
the  spring  is  extended,  and  the  piston  descends. 

From  the  known  mechanical  qualities  of  a  spiing  of  this  species,  it  follows  that  the 
space  through  which  the  piston  rises  or  falls  always  indicates,  the  force  by  which  it  is 
urged. 

At  the  top  of  the  piston-rod,  and  at  a  right  angle  with  it,  is  attached  a  pencil, 
which  plays  upon  a  card  properly  placed,  and  traces  upon  it  a  line  according  to  the 
ascent  or  descent  of  the  piston. 

While  the  piston  of  the  engine  descends,  the  card  is  moved  horizontally  against  the 
pencil  through  a  certain  space ;  and  while  it  ascends,  it  is  moved  back  again  through 
the  same  space  :  by  this  combination  of  movements  a  geometrical  figure  is  traced 
upon  the  card,  the  breadth  of  which,  measured  vertically,  represents  for  each  point 
of  the  stroke  the  effective  pressure,  and  the  entire  area  of  such  figure  represents  the 
total  effect. 

When  the  steam  acts  against  the  piston  of  the  iiidicator,  the  space  through  which 
that  piston  ascends  represents  the  excess  of  the  pressure  of  the  steam  above  that  of 
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the  atmosphere  ;  and  when  it  descends  bj  reason  of  the  Taoanm,  the  space  through 
which  it  descends  represents  the  excess  of  the  pressure  of  the  atmosphere  abore  the 
pressure  of  the  uncondensed  yapour :  conseqncntlyi  the  sum  of  these  two  spaces  wi3 
represent  the  excess  of  the  pressure  of  the  steam  which  impels  the  piston  of  the 
engine  above  the  pressure  of  the  uncondensed  vapour  which  resists  it ;  and  this  being 
taken  for  each  successive  point  of  the  stroke,  it  follows  that  the  entire  area  of  the 
figure  will  represent  the  effective  action  of  the  piston  of  the  engine.  This  will  be 
more  clearly  understood  by  referring  to  the  figures,  with  their  explanations^  in  Section 
xxvii. 

8.  The  chief  vuluCi  however,  of  this  contrivance  consisted  more  in  its  indication  of 
the  action  of  the  condenser  than  as  affording  a  direct  measure  of  the  effective  action 
of  the  machine.  It  showed  at  once,  and  in  a  manner  quite  unequivocal,  whether  the 
condenser  was  doing  its  duty,  and  whether  the  condensation  was  sufficiently  prompt. 
The  moment  the  exhaust  valve  is  o])ened,  the  piston  of  the  indicator  ought  suddenly 
to  drop ;  and  although  it  will  sink  lower  while  the  stroke  proceeds,  the  chief  motion 
should  be  iustantaneous.  When  the  condensatiou  is  not  prompt,  then  the  piston  &11s 
more  slowly,  and  shows  cither  that  there  is  not  enough  water  injected,  or  that  some 
other  impediment  interferes  with  the  due  performance  of  the  condenser. 

9.  Dynamometers  are  occasionally  used  to  measure  the  force  exerted  by  engines. 
Some  of  these,  as  Morin*s  dynamometer,  record  by  diagram  on  paper  the  work  done 
in  dragging  a  load  or  driving  a  shaft. 

For  testing  the  power  of  the  smaller  class  of  engines,  a  very  useful  and  conTenient 
apparatus  consists  of  a  pulley  mounted  in  suitable  framework,  and  driven  by  the 
engine. 

A  flexible  break  Is  applied  round  a  considerable  portion  of  the  circumference  of  tiiis 
pulley.  Weights  are  hung  on  the  break-strap  to  produce  friction.  These  are 
adjusted  until  the  friction  of  the  break  becomes  equal  to  the  power  expended  in 
turning  the  pulley  at  any  assigned  uniform  velocity.  In  that  case  the  weight  is  kept 
in  equilibrium,  neither  rising  nor  falling,  and  thus  measures  the  work  done  by  the 
])ulley  ;  that  weight  being  equal  to  a  weight  of  the  same  magnitude  lifted  vertically 
through  the  space  described  by  the  circumference  of  the  pulley. 

SKCTION   XV.— UOW  THE  HEAT   IS   PRODUCED  BY  WHICH  STEAM  IS  MADE. 

1.  The  c}'lluder,  piston,  beam,  connecting  rod,  cmtik,  and  fly-wheel,  are,  like  all 
other  pieces  of  mechanism,  mere  contrivances  by  which  mechanical  force  is  trans- 
mitted and  modified.  There  is  nothing  in  them  by  which  mechanical  force  can  be 
produced.  Once  at  rest,  at  rest  they  would  for  ever  remain,  unless  some  motive 
power  were  applied  to  them. 

2.  This  moving  power,  as  we  have  already  described,  is  derived  from  the  phyncal 
phenomena  wLich  are  exhibited  wh»n  water  is  converted  into  steam  ;  but  even  the 
water  in  this  case  cannot  properly  be  regarded  as  any  more  than  an  instrument  by 
which  the  mechanical  agency  of  the  heat  is  developed.  Heat,  then,  is  the  prdifie 
parent  of  the  vast  powers  of  the  steam  engine,  and  it  is  of  the  utmost  practical 
importance  to  comprehend  fully  how  this  heat  can  be  produced  and  applied  with  the 
greatest  economy  and  efliciency. 

3.  This  will  lead  us  to  the  consideration  of  those  properties  of  combustibles  on 
which  the  production  of  heat  depends,  and  the  construction  of  the  furnaces  and 
boilers  by  means  of  which  its  application  and  transmission  arc  effected. 

4.  The  combustibles  universally  used  in  the  furnaces  of  steam  engines  are  either 
pit-coal,  coke,  or  wood.     The  former  are  used  almost  invariably  in  Europe  ;  the  latter 
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is  used  in  America,  except  in  porticolar  dbtricta  where  coal  is  adTantageousIy 
attainable. 

5.  The  conatituents  of  coal  are  chiefly  carbon  and  a  gas  called  hydrogen,  combined 
occasionally  with  a  small  proportion  of  sulphur  and  incombustible  matter. 

6.  In  the  process  of  combustion,  the  carbon,  the  hydrogen,  and  the  sulphur  com- 
bine with  the  oxygen  gas,  which  is  a  constituent  of  the  atmosphere,  and  other  products 
are  formed.  In  this  combination  a  quantity  of  heat  is  dcToIoped.  The  incombustible 
constituents  drop  from  the  grate,  and  are  left  in  the  ash-pit.  The  goodness  of  coal 
depends  in  some  degree  on  the  small  proportion  of  incombustible  matter  which  it 
contains. 

7.  The  proportion  of  carbon  contained  in  coal  varies  ;  in  good  coal  it  is  seldom  less 
than  75  per  cent,  of  the  whole,  sometimes  considerably  more. 

8.  Hydrogen  cannot  be  said  to  enter  as  a  constituent  of  coal  in  its  pure  and  simple 
form  :  it  is  always  combined  with  a  portion  of  carbon,  and  is  the  gas  called  carburetted 
hydrogen^  being  that  which  is  commonly  used  for  the  purposes  of  illumination.  This 
gas  may  be  expelled  from  coal  by  exposing  the  latter  to  heat,  by  which  means  the  gas 
expanding,  escai)es  from  the  coal,  and  may,  if  required,  be  collected  in  proper 
reserroirs.  This  process,  applied  to  the  coal,  is  called  coking ;  and  it  is  in  this 
manner  that  the  gas  is  collected  in  gas-works  for  the  purposes  of  illumination. 

9.  The  proportion  of  carburetted  hydrogen,  the  element  which  produces  flame, 
varies  in  di£ferent  sorts  of  coal.  The  more  bituminous  sorts,  such  as  the  coking  coals 
of  Northumberland  and  Durham,  generally  have  a  considerable  proportion  ;  the  heavy 
coal  called  stone-coal,  obtained  in  some  of  the  coal-fields  of  Wales,  Pennsylvania,  and 
elsewhere,  has  very  little. 

Carbon  bums  without  flame,  the  product  of  its  perfect  combusUon  being  the  gas 
called  carbonic  acid,  which  escapes  from  the  fuel  in  a  very  heated  state. 

10.  These  are  the  general  effects  of  combustion ;  but  for  the  practical  purposes  of 
art  something  more  must  be  learned.  We  must  ascertain  with  some  degree  of 
precision  the  quantitative  proportions  in  which  the  various  elements  concerned  in  the 
phenomena  are  present. 

11.  To  begin,  then,  with  the  chief  ingredient  of  all  combustibles, — carbon, — 
This  substance,  when  heated  to  a  temperature  of  700°  or  800",  equal  to  that  of 

red-hot  iron,  will  enter  bto  chemical  combination  with  the  gas  called  oxygen  ;  the 
result  of  this  combination  will  be  another  gas  called  carbonic  acid.  In  forming  this 
combination  a  large  quantity  of  heat,  previously  latent  in  the  carbon  and  the  oxygen, 
is  rendered  sensible,  and  is  developed  in  two  ways  :  1st,  in  rendering  the  remainder 
of  the  carbon  incandescent,  or  white-hot ;  and,  2ndly,  in  raising  the  temperature  of 
the  carbonic  acid  which  has  been  produced  to  a  very  high  point. 

12.  From  the  luminous  or  incandescent  carbon  the  heat  escapes  by  radiation, 
according  to  the  same  principles  and  laws  that  govern  the  radiation  of  light.  That 
portion  of  it  which  is  carried  off*  by  the  carbonic  acid  may  be  taken  from  such  gas  by 
placing  in  contact  with  it  any  surface  which  is  a  good  conductor  of  heat,  such  as  metal ; 
the  heat  of  the  gas  will  be  imparted  to  the  metal  until  the  temperature  of  the  metal 
and  the  gas  be  equalised. 

18.  But  it  is  necessary  to  know  the  quantify  of  oxygen  gas  which  is  requisite  to 
combine  with  the  carbon. 

It  is  found  that  a  pound  of  pure  carbon  will  enter  into  combination  with  31  cubic 
feet  of  oxygen  at  the  ordinary  temperature  and  pressure  of  the  air,  the  result  of  the 
combination  being  81  cubic  feet  of  carbonic  acid,  this  being  supposed  to  be  reduced 
to  the  same  temperature  and  pressure.     But  as  the  temperature  of  the  carbonic  acid. 
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fA-'Jity  r/f  tbi';  'y/n.boMi'Ai  wbirb  U  reqTiired,  aad  the  qoaatityaBd  qiaalhj  of  thit  fmL 
T\*«i  fa«l  i*  »i/r*A/\  fAi  a  frate,  Utvf«n  the  ban  of  vkidi  the  air  vhi^  aailaiiii  the 
Cfyu.bcuti'/Q  i<  ^\mi\uA.  Ia  ]ALK:[x.g  through  the  fuel,  the  air  enten  iato  eoBhiBataaa 
Will  «t,  a^'i  */'i<;  guea  TtviMiTi^  frvm  the  e:>mbiution,  iAdodiag  aneonihiBed  ozjgea 
ail']  tb<>;  az'/t';  of  tfa«  atmoffpberic  air,  which  last  plajB  no  part  whaterer  in  the 
hoiiti'yn,  iMiJ«!  U/gf;tber  int^^  the  apper  part  of  the  fomace,  all  haTing  a  Tery  high 
Xttrai'ift :  ihc"^  pr'/oeed  tA  the  cLlmnej,  wbic'  they  soon  fill  vith  a  coIaBUi  of  heated 
air,  tk«  baoy&n  y  of  which  nuke 9  it  ascend  into  the  atmosphere,  and  the  Taninm  it 
leaves  l^bind  it  draws  a  fresh  fj^^rtion  of  air  through  the  grate  bars,  and  ao  the  oom- 
bastion  is  c^/htiuaed, 

21.  The  az'^tf,  which  forms  wt  large  a  oonstitaent  of  atmospheric  air,  has  qnalitiea  in 
relation  to  C'/inbafltion  merely  of  a  negative  kind  ;  it  does  not  either  check  or  stimulate 
it.  Thus,  as  a  Kupp'^rter  of  com  bastion,  the  atmosphere  may  be  considered  as  dUnted 
oxygfrtif  the  nvjib  having  the  same  effect  on  the  particles  of  the  oxygen  as  water  vonld 
have  u]t(m  a  strong  spirit  mixed  with  it. 

22.  In  v.\iiii  lias  been  jast  explained,  the  calculations  are  based  upon  the  tappoai- 
tion  that  cv;ry  iiarticlc  of  oxygen  contained  in  the  atmospheric  air,  ar^ged  thzxragfa 
tho  \t\iruiuii  fiiol,  enters  int'j  c.>ubination  with  it.  Now  this  is  not  and  eannot  be  tiie 
caMj,  even  in  the  most  approximative  sense  ;  and  therefore,  to  complete  the  oombostion 
of  the  fu'.l,  H  inu''h  greater  quantity  thun  155  cabic  feet  of  atmospheric  air  for  a  poond 
of  curlH^n  cotisuined  must  be  drawn  through  the  fire.  The  exact  quantity  which  is 
nec<:SMary  in  not  caijable  of  calculation,  for  it  depends  on  circumstances  which  rary 
with  tho  form  and  structure  of  the  grate  and  the  mode  of  working  the  furnace. 

23.  It  will  1)0  understood  that  when  the  fuel  is  laid  in  a  stratum  more  or  less  thick 
uiKiu  thu  grato,  and  when  rapid  currents  of  air  are  ascending  through  its  interstices, 
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a  quantity  of  the  fad,  always  existing  in  the  state  of  powder  or  small  dust,  will  be 
carried  upwards  by  the  cnrrent|  anbumed. 

24.  Besides  this,  as  the  heat  expels  the  hydrogen  gas  from  the  interior  of  the  coal, 
minute  particles  of  the  coal  itself  escape  with  the  current,  and  rise  abore  the  fuel. 
Much  of  this  is  also  unbumed,  or,  to  speak  scientifically,  uncombined  with  oxygen. 
It  is  this  minute  powder  or  dust,  uncombined  with  oxygen,  that  forms  what  is  called 
smoke.  The  gaseous  products  of  oombostion,  properly  so  called,  ha^e  not  the  cloudy 
and  opaque  appearance  which  characterises  smoke.  This  smoke,  then,  is  unconsumed 
fuel,  and  to  whatever  extent  it  is  produced,  it  escapes  into  the  chimney,  and  is  a 
source  of  waste.  It  is  clear,  then,  on  the  grounds  of  economy,  independently  of 
sanitary  considerations  relating  to  the  neighbourhood  of  the  engine,  that  the  quantity 
of  fuel,  more  or  less,  thus  escaping,  should  be  arrested  and  burned  before  it  reaches 
the  chimney. 

25.  Various  methods  have  been  adopted  in  furnaces  for  accomplishing  this  object. 
8uch  arrangements  are  denominated  smoke-consuming  furnaces ;  but  rery  simple  and 
obvious  arrangements  may  be  adopted  in  the  mode  of  feeding  common  furnaces,  which 
will  have  the  effect  of  consuming  the  smoke. 

26.  ir  the  heated  gases  proceeding  from  the  fuel  passed  directly  to  the  chinmey, 
they  would  carry  with  them  a  much  greater  quantity  of  heat  than  would  be  necessary 
to  maintain  the  draft,  and  thos  a  portion  of  the  heat  developed  by  the  fuel  would  be 
lost  To  prevent  this,  the  heated  air  and  flame  which  escape  from  the  fuel,  instead 
of  passing  directly  to  the  chimney,  are  conducted  through  passages  of  greater  or  less 
length  in  contact  with  the  boiler,  and  made  to  impart  a  portion  of  their  heat  to  the 
water  before  they  enter  the  chimney.  These  passages  are  called  JlueSf  and  are  veiy 
▼ariously  constructed,  according  to  the  form,  magnitude,  and  application  of  the 
boiler. 

27.  In  some  boilers  the  flues  are  made  to  wind  round  them,  the  external  part  of 
the  flues  being  made  of  brickwork,  which,  being  a  bad  conductor  of  heat,  takes  but 
little  from  the  heated  air  and  flame. 

28.  The  shape  and  proportions  of  boiUrs  are  so  adapted  as  to  accommodate  them 
to  such  systems  of  flues.  The  great  object  is  to  adopt  such  arrangements  as  shall 
secure  the  transmission  to  the  water  of  all  the  heat  developed  in  the  combustion  of 
the  fuel,  except  such  portion  of  it  as  may  be  necessary  to  maintain  a  sufficient  draft 
in  the  chimney. 

29.  The  boilers  most  commonly  used  are  cylindrical.  Cylindrical  boilers  are 
generally  long  in  proportion  to  their  diameter,  and  their  ends  are  often  spherical. 
This  shape  is  highly  conducive  to  strength,  but  in  some  cases  their  ends  are 
made  flat. 

30.  In  cylinflrical  boilers  the  furnace  is  generally  placed  within  the  boiler,  in  a 
large  tube  which  extends  from  end  to  end  of  it.  In  one  end  of  this  tube  is  placed 
the  grate,  and  the  remainder  of  it  forms  a  flue.  By  this  arrangement,  all  the  heat 
which  radiates  from  the  fire,  and  even  from  the  ash-pit,  acting  upon  this  internal 
tube,  is  communicated  to  the  water.  The  heated  air,  traversing  the  tube  to  the 
remote  end,  imparts  its  heat  to  the  water  by  this  means.  Flues  circulate  round  the 
outside  in  the  same  manner  as  in  the  waggon  boiler. 

81.  Internal  flues  have  the  advantage  of  imparting  more  of  the  heat  to  the  water. 

32.  In  some  forms  of  boilers,  the  grate  being  constructed  at  one  end,  the  flame  and 
heated  air,  instead  of  passing  through  a  single  internal  flue  traversing  the  length  of 
the  boiler,  are  distributed  among  three  or  more  similar  tubular  flues. 

33.  This  subdivision  of  flues  by  the  multiplication  of  the  number  of  tubes,  and  the 
diminution  of  their  magnitude,  is  carried  to  an  extreme  in  locomotive  boilers,  in 
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which  from  100  to  200  tubes,  nut  more  than  2  inches  duimeter,  traTerae  the  lengih 
of  the  boiler,  and  divide  the  flame  and  heated  air  into  a  multiplicity  of  small  threadi, 
80  as  to  enable  the  water  to  deprive  them  of  their  heat. 

84.  With  these  a  system  of  returning  flues  becomes  unneoessaiy,  the  reduction  of 
the  temperature  being  completely  effected  in  trayersing  the  boiler  once. 

35.  In  some  arrangements  the  flame  and  heated  air  passing  from  the  furnace  enter 

number  of  narrow  upright  cells,  placed  parallel  to  each  other,  and  traversing  the 
length  of  the  boiler  :  arriving  at  the  remote  end,  another  tier  of  cells,  at  a  superior 
elevation,  is  provided,  by  which  they  return.  This  is  most  commonly  the  expedient 
adopted  in  marine  boilers. 

30.  The  multiplicity  and  complexity  of  flues,  whatever  be  their  form,  have  the 
double  disadvantage  of  increasmg  the  cost  of  the  boiler  and  diminishing  its  strengtli. 
They  are  therefore  only  resorted  to  in  cases  in  which  circumstances  exclude  a  great 
magnitude  and  weight  of  boiler,  such  as  in  locomotive  and  marine  engines.  In  the 
boilers  used  in  land  engines,  the  requisite  evaporating  power  can  be  obtained  with 
more  simple  expedients,  by  merely  augmenting  the  bulk  of  the  boiler. 

37.  The  two  great  objects  which  are  to  be  attained  are — ^rapidity  of  evaporatioa 
and  economy  of  fuel. 

88.  The  evaporating  power  of  the  boiler  will  depend  (other  things  being  the  same) 
upon  the  extent  of  surface  which  it  exposes  to  the  action  of  the  fire,  the  flame^  and 
the  heated  air.     This  surfiioe  is  technically  divided  into  fire  tnrfaee  and  fitte  iurfai^, 

39.  By  fire  surface  is  meant  all  that  surface  of  the  boiler  upon  which  the  radiant 
heat  of  the  furnace  acts. 

40.  The  flue  surface,  as  the  words  import,  is  that  portion  of  the  surface  of  the 
boiler  in  contact  with  which  the  flame  and  heated  air  proceeding  from  the  fire  pase 
before  they  issue  into  the  chimney.  This  surface  is  usually  of  considerable  length,  m 
order  that  the  flame  and  heated  air  may  be  detained  in  contact  with  the  boiler  until 
they  have  been  reduced  to  a  temperature  not  greater  than  is  necessary  for  the 
draft. 

41.  Whatever  be  the  length  and  arrangement  of  the  flues,  it  is  indispensably 
necessary  they  should  always  be  below  the  level  of  the  water  in  the  boiler,  for 
otherwise  the  heat  would  be  imparted  to  the  metal  of  the  boiler  without  being  trans- 
mitted to  the  water.  Steam  is  a  sluggish  recipient  of  heat,  and  metal  in  contact  with 
it  might  become  red-hot  while  the  steam  itself  will  remain  at  a  comparatively  low 
temperature. 

This  would  accordingly  be  the  case  if  the  fire  or  flame  acted  upon  any  part  of  the 
metal  of  the  boiler  which  has  not  water  within  it. 

42.  In  the  economy  of  steam  power,  an  object  of  capital  importance  is  to  protect 
the  machinery  from  every  cause  by  which  heat  can  be  consumed  in  any  other  way 
than  in  converting  water  into  steam.  A  great  vaiiety  of  expedients  have  accordingly 
been  adopted  for  this  purpose,  differing  from  each  other  in  their  effects,  according  to 
the  circumstances  in  which  the  machinery  is  worked. 

43.  A  boiler  being  a  mass  of  metal  of  extensive  magnitude,  raised  to  a  very 
elevated  temperature,  and  which  is  naturally  a  good  radiator  of  heat,  a  oon- 
sidcrable  quantity  of  heat  would  be  lost  by  the  mere  radiation  from  its  surface.  The 
obvious  remedy  for  this  is  to  surround  it  by  some  material  which  is  a  bad  conductor 
of  heat. 

44.  One  of  the  roost  effectual  sab.stances  for  this  purpose  is  common  sawdust : 
this  is  accordingly  applied  with  great  effect  in  coses  which  do  not  exclude  its  use. 

45.  The  boiler  and  its  appendages  are  surrounded  by  a  thick  casing,  stuffed  with 
sawdust,  and  so  completely  does  this  expedient  answer  the  purpose,  that  the  boiler- 
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room  of  a  Cornish  engine,  where  this  arrangement  is  applied,  is  often  the  coolest  place 
that  can  be  found. 

46.  In  marine  and  other  engines,  a  coating  of  patent  felt  is  often  nsed  with  advan- 
tage :  hemp  and  other  fibrous  and  woollen  substances  may  be  resorted  to. 

47.  LocomotiTO  boilers  are  cased  in  wood,  which  is  a  tolerable  non-conductor.  The 
cylinders  of  large  stationary  engines  are  also  frequently  cased  in  wood.  The  steam 
pipes  and  other  parts  of  the  machinery  containing  steam  are  wrapped  with  tow  or 
other  similar  substances. 

48.  By  these  means  the  loss  of  heat  by  radiation  may  be  reduced  almost  to 
nothing. 

49.  Where  fuel  is  used  which  bums  with  little  or  no  flame,  such  as  stone-coal  or 
coke,  the  chief  effect  is  produced  by  the  radiant  heat,  and  a  comparatively  small  effect 
by  the  heated  air.  In  such  cases  the  fire  surface  should  bear  a  large  proportion  to 
the  flue  surface.  In  all  cases  the  fire  surface,  being  more  active  in  proportion  to  its 
extent  than  the  flue  surfstce,  is  more  liable  to  wear  by  intense  heating.  It  may  be 
said,  that  as  the  surface  of  the  metal  cannot  rise  to  a  higher  temperature  than  that  of 
the  water  within,  and  as  the  entire  mass  of  the  water  within  must  be  maintained  at 
an  uniform  temperature,  the  fire  surface  cannot  rise  above  the  general  temperature  of 
the  mass.  This  would  be  true  if  the  boilers  and  furnaces  were  worked  by  a  moderate 
system  of  combustion,  the  fuel  being  consumed  very  gradually,  and  the  heat  developed 
slowly,  so  that  a  fierce  action  should  not  take  place  on  any  part  of  the  boiler.  Such 
is  the  case,  for  example,  in  the  boilers  and  furnaces  of  the  Ck>mish  engines,  where 
space  is  a  matter  of  little  importance,  and  the  economy  of  fuel  pushed  to  its  extreme 
limit ;  but  in  other  cases  these  advantages  must  be  sacrificed,  and  a  combustion  so 
intense  maintained  in  the  furnaces  that  the  fire  surface  becomes  heated  to  a  higher 
temperature  than  the  water  in  contact  with  it,  and  to  a  much  higher  temperature  than 
the  flue  surface.  The  formation  of  steam  in  contact  with  the  fire  surface  is  so  rapid 
that  its  bubbles  do  not  escape  to  the  surface  quick  enough  to  keep  the  metal  in 
continual  contact  with  water. 

60.  The  metal,  therefore,  is  momentarily  out  of  contact  with  water,  and  has  a 
tendency  to  become  overheated. 

51.  It  is  true  that  upon  the  escape  of  the  steam  bubbles  Just  formed  the  liquid  will 
again  wash  the  metal  and  lower  its  temperature,  but  still  this  effect  is  such  (in  the 
case,  for  example,  of  locomotive  engines  and  sometimes  of  marine  engines),  that  the 
fire  surface  is  exposed  to  much  more  rapid  wear  by  temperature  than  the  flue 
surface. 

SECTION  XVI. — HOW  THE  DRAFT   THROUGH   THE    FURNACE  OF   A  STEAM   ENGINE 

IS   MAINTAINED. 

1.  The  most  common  method  of  effecting  this  is  by  the  ordinary  expedient  of  a 
chimney. 

2.  When  the  products  of  combustion  arc  allowed  to  flow  through  a  chimney  of 
sufficient  height,  the  vertical  column  of  heated  air  thus  formed  has  a  certain  buoyancy 
or  tendency  to  ascend  into  the  atmosphere,  proportional  to  the  difference  between  its 
weight  and  the  weight  of  an  equal  column  of  common  air.  This  difference  will  be  so 
much  the  greater  as  the  column  has  greater  magnitude  and  height,  provided  only 
that  every  part  of  it  shall  be,  bulk  for  bulk,  lighter  than  air.  Hence  obviously 
follows  the  necessity  of  a  chimney  in  creating  a  draft,  whether  through  the  furnace  of 
a  steam  engine  or  in  any  ordinary  manner. 

3.  In  stationary  engines,  as  used  in  the  arts  and  manufactures,  chimneys  of  any 
desired  magnitude  can  generally  be  attached  to  the  engine.    It  is  not  necessary  that 


454  STEAM   ENGINE. 

the  chimney  should  be  immediately  over  or  contignous  to  the  furnace ;  it  may  be 
placed  at  a  cousiderable  distance  from  it,  provided  only  it  be  connected  with  il  by  the 
proper  air  passnges.  Tliia  is  often  a  matter  of  convenience  in  factories^  and  we 
accordingly  see  the  chimney  frequently  erected  at  a  considerable  distance  from  the 
boilers  and  furnaces. 

4.  But  in  numerous  applications  of  the  steam  engine  it  is  not  practicable  to  use 
chimneys  of  such  elevation,  or  so  placed,  and  in  some  cases  the  tube  provided  for  the 
escape  of  the  products  of  combustion  must  necessarily  be  so  short  as  to  afford  no  draft 
of  appropriate  amount. 

5.  Such  is  the  case,  for  example,  in  locomotive  engines  :  in  marine  engines  this  is 
to  some  extent  also  true, — the  chimney  must  be  comparatively  short. 

6.  When  sufficient  length  of  chimney  is  not  admissible,  we  are  compelled  either  to 
throw  in  the  gases  of  combustion  at  a  very  high  temperature,  so  as  to  make  up  for 
want  of  height  in  the  column,  or  to  adopt  some  other  expedient  for  creating  a  draft. 

7.  A  wheel  is  sometimes  placed  in  the  flues  where  they  enter  the  chimney,  by  the 
revolution  of  which  the  gases  are  driven  up  the  chimney  with  a  force  proportional  to 
the  velocity  with  which  the  wheel  revolves.  This  expedient  is  similar  to  a  sort  of 
bellows  commonly  used  for  domestic  purposes,  and  is  called  a  fanner^  and  sometimes 
a  biowcr,  A  portion  of  the  power  of  the  engine  is  borrowed  to  keep  this  wheel  in 
motion.  In  this  way  an  upward  current  is  maintained  in  the  chimney  of  any  required 
power,  and  the  necessary  draft  sustained  through  the  furnace. 

8.  Another  expedient  is  used  in  locomotive  engines,  and  may  always  be  resorted  to 
where  steam  of  high  pressure  is  used.  This  consists  of  a  jet,  or,  as  it  is  technicallj 
called,  a  bla»t-pipe,  which  is  placed  at  the  base  of  the  chimney,  and  presented  upwards. 
A  portion  of  the  steam  received  from  the  engine  is  allowed  to  escape  by  pufb,  or  even 
in  a  continued  stream,  through  this  pipe,  and  being  directed  up  the  chimney,  creates 
the  necessary  draft. 

SECTION  xvn. — now  the  mechanical  virtue  of  fuel  is  estimated  and 

EXPRESSED. 

1.  In  explaining  the  mechanical  effects  of  steam,  it  has  been  already  shown  thai 
whatever  be  the  purpose  to  which  the  force  of  a  steam  engine  is  applied,  its  effect 
may  always  be  represented  by  a  certain  weight  raised  a  certain  height. 

2.  Whether  an  engine  be  employed  to  drive  a  mill-wheel,  to  propel  a  ship^  or  to 
draw  a  carriage,  the  tension  or  resistance  to  be  encountered  at  the  working  point  may 
be  universally  represented  by  an  equivalent  weight. 

8.  Thus  it  is  easily  understood,  if  a  locomotive  engine  draws  a  train  of  carriages,  that 
the  tension  of  the  chain  which  connects  the  engine  with  the  train  will  be  the  same  as 
if  the  same  chain,  in  a  vertical  position,  had  a  certain  weight  suspended  to  it ;  and 
the  same  will  be  true,  whatever  be  the  nature  of  the  resistance  to  the  moving  power, 
or  the  manner  in  which  this  moving  power  may  be  applied. 

4.  It  has  been  usual  also  to  express  the  mechanical  efficacy  by  the  number  of 
pounds  raised  one  foot ;  for  whatever  be  the  resistance,  and  whatever  be  the  space 
through  which  the  moving  power  acts  upon  it,  the  effect  can  always  be  reduced,  as 
has  been  already  explained,  to  an  equivalent  number  of  pounds  raised  one  foot. 

5.  The  meclianical  virtue  of  coals,  thus  explained  and  applied  to  a  steam  engine^ 
Las  been  technically  called  the  duty  of  the  fuel.  Thus  a  bushel  of  coals  consumed  in 
the  furnace  of  an  engine  will  enable  such  engine  to  exert  at  the  working  point  a 
mechanical  effect  equivalent  to  a  certain  number  of  pounds  raised  one  foot  high  :  this 
effect  is  the  duty  of  the  fuel,  or,  as  is  sometimes  said,  the  duty  of  the  engine. 

6.  The  duty  of  the  engine  is  therefore  not  the  entire  mechanical  effect  dereloped  bj 
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the  fuel  in  producbg  evaporatioD,  for  a  portion  of  the  mechanical  power  of  the  steam 
evolved  in  the  boiler,  and  in  some  cases  a  very  large  portion  of  it,  is  expended  in 
moving  the  machinery  of  the  engine  itself :  all  such  portion  is  intercepted  therefore 
between  the  furnace  and  the  working  point.  The  duty,  properly  speaking,  is  the  net 
mechanical  force  developed  by  the  steam,  or  such  portion  only  as  is  available  for 
the  work  to  which  the  engine  is  applied. 

7.  The  duty  of  engines  varies  within  very  wide  limits,  according  to  the  purpose  to 
which  they  are  applied.  In  this  respect  engines  may  be  reduced  to  three  classes  : — 
Ist,  Such  as  are  used  in  the  mining  districts  of  Cornwall ;  2ndly,  The  stationary 
engines  used  in  the  manufactories  generally,  in  which  class  may  also  be  included 
marine  engines  ;  Srdly,  Locomotive  engines  on  railways. 

8.  In  the  Cornish  engines,  where  very  accurate  observations  are  made  on  the 
mechanical  effect  produced^  and  on  the  economy  of  fuel,  it  has  been  found,  in  some 
cases,  that  by  the  combustion  of  a  bushel  of  coals  an  effect  has  been  produced  by  the 
engine  equivalent  to  125  millions  of  pounds,  or,  what  is  the  same,  62,000  tons  raised 
a  foot  high.  This,  however,  is  not  to  be  understood  as  an  average  result.  In  pro- 
ducing it,  the  utmost  care  was  taken  to  guard  against  every  source  of  waste  of  power. 

9.  The  more  common  duty  obtained  from  a  well-managed  engine  used  in  the  mining 
districts  has  been  from  80  to  90  millions  of  pounds,  or  at  the  rate  of  one  million  of 
pounds  raised  one  foot  for  every  pound  of  coal  consumed,  —  a  result  remarkable 
enough  in  itself,  and  easily  remembered. 

10.  In  the  ordinary  stationary  engines  belonging  to  the  second  class,  where  the 
same  scmpnlons  attention  to  economy  cannot  be  oi:  is  not  paid,  the  duty,  according 
to  the  commonly  received  estimate,  is,  in  round  numbers,  about  20  millions  of  pounds 
for  a  bushel  of  coal,  being  four  times  less  than  that  of  the  good  Cornish  engines,  and 
six  times  less  than  the  duty  which  has  in  certain  cases  been  obtained. 

11.  In  the  locomotive  engines  worked  on  railways  the  economy  of  fuel  is  little  if  at 
all  less  than  that  of  factory  engines. 

12.  The  great  economy  obtained  in  the  engines  used  in  Cornwall  is  the  result  of  a 
variety  of  contrivances,  some  of  which,  such  as  the  protection  of  the  machinery  from 
radiation,  have  been  already  mentioned.  The  boilers  are  constructed  of  extraordinary 
magnitude,  in  proportion  to  the  power  expected  from  them  ;  the  furnace  is  of  proxwr- 
tionate  size  ;  the  combustion  is  slow  ;  the  heating  surface  is  very  extensive,  and  the 
intensity  of  heat  upon  it  very  slight ;  the  flues  are  of  great  length,  and  the  heated  air 
is  not  permitted  to  escape  until  the  last  available  portion  of  heat  has  been  extracted 
from  it ;  the  fuel  is  managed  in  the  furnaces  with  the  most  extreme  care,  the  com- 
bustion being  perfect.  Added  to  all  this,  the  steam  is  used  at  a  pressure  of  from 
85  to  50  pounds  per  square  inch  above  the  pressure  of  the  atmosphere,  and  the 
expansive  principle  extensively  applied. 

13.  In  giving  these  last  estimates  of  the  duty  of  fuel  in  the  engines  used  in  the 
manufactures  generally,  it  is  right  to  observe,  that  owing  partly  to  the  difficulty  of 
ascertaining  the  actual  mechanical  effect  produced,  and  partly  to  the  negligence  of 
proprietors  of  engines,  the  estimates  of  duty  are  of  the  most  loose  and  inaccurate 
description.  When  an  engine  is  applied,  as  is  generally  the  case  in  Cornwall,  directly 
to  the  elevation  of  water  or  other  heavy  matter,  it  is  easy  to  observe  the  mechanical 
effect  it  produces  ;  but  when  an  engine  is  applied  to  give  motion  to  the  works  of  a 
factory,  to  drive  spinning- frames,  power-looms,  or  printing-presses,  it  is  not  so  easy  a 
matter  to  reduce  the  effect  it  produces  to  an  equivalent  weight  raised  a  given  height. 
In  the  case  of  locomotive  engines  the  same  difficulty  ought  not  to  exist ;  yet  it  is  sur- 
prising that  for  a  considerable  period  grave  errors  prevailed  respecting  the  real 
mechanical  eiect  produced  by  these  machines.    It  was,  for  example,  long  assumed  as 
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a  maxim,  that  the  resIsUuice  offered  by  a  given  train  of  carriages  to  a  looomotrre 
engine  was  independent  of  the  speed,  or,  in  other  words,  the  same  at  all  speedf. 
This  error  was  not  brought  to  light  nntil  the  year  183S,  when  it  was  demonstrated, 
by  a  series  of  experiments  conducted  by  me,  that  the  resistance  was  augmented  in  a 
very  high  ratio  witli  the  speed. 

SECTION  XVni. — HOW   THE  POWER   OP    AN    ENGINE    IS  ESTIMATED   AND   EXPRESSED, 

A3  DISTINQUISnED  FROM    ITS  DUTY. 

1.  The  duty,  as  we  have  seen,  is  the  practical  effect  produced  by  a  given  weight  of 
coal,  without  reference  to  time.  Thus,  whether  a  bushel  of  coal  raises  20  millions  of 
pounds  a  foot  in  one  hour  or  in  ten  hours,  the  duty  of  the  engine  is  exactly  the  same. 
Cut  the  pawer  of  the  engine  is  quite  different. 

2.  The  power  of  the  engine  is  estimated  by  the  mechanical  effect  it  is  capable  of 
producing  in  a  given  time. 

When  steam  engines  were  first  brought  into  use,  the  work  to  which  ihej  were 
applied  had  been  previously  done  by  horses  who  worked  the  mills.  It  was  convenienty 
therefore,  and  indeed  indispensable,  to  express  the  mechanical  capabilities  of  these 
machines  by  declaring  the  number  of  horses  which  one  of  them  would  supersede  ;  and 
hence  the  term,  now  so  general,  hone-pmccTj  came  into  use.  At  first  this  expiemm 
had  but  a  vague  signification,  and  was  understood  by  the  manufacturers  and  capitalists 
who  intended  to  employ  the  steam  engine  in  the  literal  sense  of  the  actual  number  of 
horses  whose  expense  would  be  saved  to  them  by  it.  But  after  the  engine  had  oom« 
Ijletely  superseded  hoi-ses  in  the  arts  and  manufactures,  and  it  became  necessaiy  to 
express  its  effects  with  greater  precision,  instead  of  abandoning  the  term  horse-power, 
an  arbitrary  signification  was  given  to  it  by  Watt^  which  it  has  since  retained.  The 
word  horse-power,  then,  as  applied  to  the  steam  engine,  means  the  capability  of  the 
engine  to  produce  a  mechanical  effect  per  minute  equivalent  to  83,000  pounds  raised 
one  foot. 

3.  Thus  an  engine  of  10  horse-power  means  one  which  in  working  is  capable  of 
producing  a  mechanical  effect  per  minute  of  330,000  pounds  raised  one  foot,  or  an 
effect  per  hour  equivalent  to  20  millions  of  jxiunds,  very  nearly,  nused  one  foot. 

A.  When  a  steam  engine  is  declared  to  be  of  such  or  such  a  horse-power,  the 
expression  must  be  understood  in  a  qualified  sense.  Thus  it  is  assumed  that  the 
furnace  is  worked  in  a  certain  average  manner,  and  that  a  proportional  evai>oration 
takes  place  in  the  boiler.  An  engine  whose  nominal  power  is  that  of  100  horses  may, 
by  urging  the  furnace  in  an  extraordinary  manner,  be  made  to  produce  an  effect  much 
greater  than  that  of  its  nominal  power  ;  or,  on  the  other  hand,  by  keeping  the  furnace 
low,  it  may  be,  and  frequently  is,  worked  considerably  under  its  nominal  power.  In 
the  same  engine,  consequently,  the  power  may  vary  through  a  wide  range  according 
to  the  pressure  at  which  the  steam  is  worked,  and  to  the  rapidity  at  which  it  is 
generated. 

SECTION    XIX.— THE    DIMENSION'S    OF    THE    BOILER    AND    FURNACE    MEOKSSSART    FOR 

AN   ENGINE   OF   GIVEN   POWER. 

1.  The  technical  rules  adopted  by  engineers  for  the  proportion  of  engines  corre- 
sponding to  any  required  power,  are  generally  understood  as  applicable  only  to  the 
second  class  of  engines  enumerated  already,  namely,  those  generally  used  in  the  manu- 
factories and  in  steam  navigation. 

2.  The  Cornish  engines  on  the  one  hand,  and  locomotive  engines  on  the  other,  are 
exceptional  extremes,  each  l>eing  worked  in  a  manner  peculiar  to  itself.  In  the  one, 
much  larger  dimensions  are  allowed  for  the  production  of  a  given  powdif  the  action 
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of  the  fomaoefl  being  of  low  intensity ;  while  in  the  other,  the  dimensions  prodncing 
a  given  power  are  mach  smaller,  and  the  consequent  action  of  the  furnaces  much 
more  intense. 

What  we  shall  therefore  state  here  will  be  understood  to  have  reference  to  the 
second  class  of  engines  above  mentioned. 

3.  In  calculating  the  mechanical  force  developed  in  the  evax>oration  of  water,  we 
have  seen  that  one  cubic  inch  of  water,  converted  into  steam,  produces  a  mechanical 
force  sufficient  to  raise  a  ton  weight  a  foot  high.  It  would  therefore  follow  that  to 
raise  2  millions  of  pounds  a  foot  high,  would  require  the  evaporation  of  1000  cubic 
inches  of  water.  But  this  calculation  refers  to  the  entire  mechanical  force  developed 
in  the  evaporation.  A  portion  of  this  force  is,  however,  expended  in  moving  the 
engine  itself,  and  is  wasted  in  various  ways  before  it  reaches  the  working  point ;  and 
it  is  customary  for  engine-makers  to  allow  for  this  from  85  to  45  per  cent,  of  the  entire 
mechanical  force  developed  in  the  evaporation.  Now  since  there  are  1723  cubic  inches 
in  a  cubic  foot,  it  follows  that,  by  such  an  allowance  for  waste  of  power,  the  net  effect 
of  a  cubic  foot  of  water  evaporated  per  hour  would  be  one  nominal  horse-power. 

4.  Such  is  the  general  usage  of  boiler-makers,  but  it  would  be  most  erroneous  to 
assume  that  this  usage  is  based  upon  even  a  loose  calculation  ;  there  can  be  no  doubt 
that  the  power  expended  in  waste  and  uncondensed  steam,  and  in  moving  the  engine 
in  any  tolerably  managed  maohine,  must  be  considerably  less  than  this.  The  error, 
however,  lies  on  the  safe  side  ;  it  is  better  to  have  superfluous  boiler-power  than  a 
stint  of  steam.  A  boiler  having  more  evaporating  power  than  is  needed,  can  always 
be  worked  as  much  under  its  power  as  may  be  desired ;  but  when  an  engineer  is 
obliged  to  push  a  boiler  above  its  legitimate  power,  both  waste  and  danger  ensue.  It 
must  not  therefore  be  assumed,  as  has  been  done  by  some  writers,  that  engine-makers 
adopt  these  rules  from  ignorance.  Although  they  do  not  in  general  seek  for  an  accu- 
rate knowledge  of  the  amount  of  power  expended  in  moving  the  engine  and  in  waste 
steam,  they  are  nevertheless  folly  aware  that  the  allowance  they  mak#  is  greater  than 
its  amount ;  and  in  the  absence  of  such  exact  knowledge,  it  is  clear  they  are  right  in 
adopting  an  excessive  estimate. 

5.  From  what  has  been  stated,  therefore,  it  follows  that  for  every  horse-power 
which  the  engine  is  expected  to  exert,  a  power  of  evaporating  a  cubic  foot  of  water 
per  hour  is  provided  in  the  boiler. 

6.  When  the  term  horse-power  is  applied,  therefore,  to  boilers,  in  reference  to  their 
capability  of  evaporation,  it  is  to  be  understood  as  indicating  the  evaporation  at  the 
rate  of  a  onbic  foot  of  water  per  hour  :  thus,  by  a  boiler  of  50  horse-power  is  to  be 
understood  a  boiler  capable  of  evaporating  50  cubic  feet  of  water  per  hour,  the  for- 
naoes  being  worked  in  the  ordinary  way. 

7.  The  magnitude  of  the  grate  and  the  extent  of  heating  surface  necessary  to  pro- 
duce a  given  rate  of  evaporation  vary  more  or  less  in  different  engines,  and  according 
to  the  practice  of  different  engineers  ;  but  still,  in  common  engines  used  in  the  arts 
and  manufactures,  there  are  average  standards  which  it  is  useful  to  know. 

8.  Thus  it  is  generally  agreed  that  the  dimensions  of  the  grate  necessary  for 
a  boiler  of  a  certain  power  should  be  regulated  by  allowing  a  square  foot  of  grate  sur- 
hce  for  every  horse  power  in  the  boiler.  Thus  it  follows,  that  as  much  fuel  is  con- 
sumed per  hour  upon  a  square  foot  of  the  surface  of  the  grate  as  is  necessary  and 
sufficient  to  evaporate  a  cubic  foot  of  water. 

9.  The  dimensions  of  the  surface  of  the  boiler  exposed  to  the  action  of  heat, 
whether  by  radiation  or  by  the  contact  of  heated  air  in  the  flues,  is  generally  esti- 
mated at  the  rate  of  15  square  feet  for  a  horse-power.  Thus  a  boiler  of  50  horse- 
power would  require  a  heating  surface  of  750  square  feet. 
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10.  These  ore  not  only  ayerage  standards  from  vhich  individnal  boilers  and  fur- 
naces of  the  class  we  more  particularly  refer  to  vary  more  or  leas  conBiderablj,  but 
they  are  altogether  inapplicable  to  the  two  extreme  olasses  of  boilers, — ^th«  Cornish 
on  the  one  hand,  and  the  locoraotiye  on  the  other. 

11.  In  the  Corhish  boilers  a  slow  combustion  is  maintained  on  the  grates,  aod 
although  the  fuel  is  placed  upon  them  in  a  thicker  layer,  the  intensity  of  the  heat  from 
a  given  surface  is  considerably  less  than  in  the  ordinary  boilers.  Accordingly,  for  a 
given  rate  of  evaporation,  at  least  double  the  extent  of  grate  surface  is  allowed.  We 
find,  therefore,  that  two  square  feet  are  given  for  every  cubic  foot  of  water  per  hour 
to  be  evaporated. 

12.  In  like  manner,  as  In  these  boilers  the  heat  acts  with  less  intensity  on  a  given 
surface  of  the  boiler,  a  proportionally  greater  heating  surface  is  necessary  to  prodnoe 
a  given  rate  of  evaporation.  In  these  cases  a  still  greater  departure  from  the  common 
boiler  is  necessary ;  and  instead  of  15  square  feet  being  allowed  for  a  oubio  foot  of 
water  per  hour  evaporated,  we  find  4  and  5  times  this  surface  given. 

13.  The  flame  and  heated  air  are  also  made  to  traverse  a  much  greater  length  of 
flues  before  they  enter  the  chimney. 

14.  The  locomotive  boiler  is  in  the  other  extreme.  Instead  of  one  square  foot 
of  grate  surface  evaporating  one  cubic  foot  of  water  per  hour,  it  usually  evaporates  10 
cubic  feet.  As  the  heat  developed  in  a  given  time  may  be  taken  as  nearly  propor- 
tional to  the  water  evaporated,  it  follows  that  the  calorific  action  of  a  square  foot  of 
the  grate  of  the  locomotive  is  10  times  that  of  a  square  foot  of  the  grate  of  a  common 
stationary  engine,  and  20  times  that  of  i  Cornish  engine. 

15.  The  intensity  of  the  combustion  maintained  in  the  furnaces  of  locomotivs 
engines  may  be  thus  in  some  measure  conceived. 

The  splendour  of  the  burning  fuel  in  these  furnaces  is  sometimes  so  intense  Uiat  it 
impresses  the  eye  with  the  same  p^n  as  is  sustained  in  looking  at  the  sun. 

IG.  The  Cornish  boilers,  which  dififer  so  extremely  in  their  mode  of  operation  and 
efiects  from  the  locomotives,  resemble  them  nevertheless  very  closely  in  their  form. 
Both  are  cylindrical,  and  the  flues  in  both  consist  of  metal  tubes,  traversing  the 
length  of  the  boiler.  In  the  Cornish  boilers  the  tubes  are  of  iron,  and  of  consider- 
able diameter.  In  the  locomotive  boilers  they  are  usually  of  brass,  and  very  small  in 
diameter. 

17.  The  diameter  of  the  Cornish  boilers  is  usually  about  ^th  of  their  length. 
Where  great  power  is  required,  it  is  found  more  convenient  to  use  two  or  more 
boilers  than  one  of  larger  dimensions.  A  common  proportion  for  these  boilers  is  from 
86  to  40  feet  of  length,  and  fn)m  6  to  7  feet  in  diameter.  The  locomotive  boilers  are 
usually  from  8  to  10  feet  long,  and  from  3^  to  4^  feet  in  diameter. 

18.  The  common  published  reports  of  the  consumption  of  fuel  are  usually  given  by 
expressing  the  weight  of  coal  consumed  per  hour  per  horse-power ;  but  unless  it  be 
ascertained  that  the  real  working  power  of  the  engine  and  the  consumption  of  fud  are 
equal  to  and  do  not  exceed  its  nominal  power,  such  reports  lead  to  erroneous  conda- 
sions.  The  common  allowance  of  fuel  for  stationary  engines  and  marine  engines, 
when  working  to  their  fiill  power,  is  10  lbs.  per  horse-power  per  hour.  The  consump- 
tion, however,  is  undoubtedly  less  than  this  when  the  engines  are  properly  constmoted 
and  carefully  worked  :  7  and  8  lbs.  per  horse-power  is  a  very  common  consumption 
fur  well-managed  engines.  In  the  Cornish  and  other  engines  worked  expansively,  the 
consumption  has  been  reduced  as  low  as  3  to  4  lbs.  per  horse-power  per  hour. 
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SECTION  XX.— WHAT   DIMENSIONS   OP   THE  CYLINDER  AND  OTHER  MACHINERY 
ARE   REQUISITE   FOR  A   GIVEN   POWER  OV   ENGINE. 

1.  Nothing  can  be  more  yagne,  QDcertaio,  and  arbitrary,  than  the  older  rules 
adopted  by  engineers  in  reference  to  this  problem.  It  may  be  truly  stated  that  every 
engine-maker  has  his  own  standards,  to  which  he  attaches  invariably  as  much  infal- 
libility as  if  this  mechanical  problem  were  capable  of  as  certain  and  demonstrative 
solution  as  a  problem  in  common  geometry. 

2.  It  will  be  obvious,  on  the  slightest  consideration,  thai  the  magnitude  of  the 
cylinder  and  piston  necessary  to  produce  a  given  working  power  must  depend  on  the 
pressure  of  the  steam  afkr  it  enters  the  cylinder  and  the  velocity  with  which  the 
piston  is  driven,  the  degree  of  perfection  of  the  vacuum  on  the  other  side  of  the 
piston,  and  the  extent  to  which  the  expansive  principle  b  introduced.  In  general, 
however,  it  has  been  the  practice  to  apply  the  calculation  to  low-pressure  engines, 
that  is  to  say,  to  those  in  which  the  steam,  after  it  enters  the  cylinder,  lias  not  a 
pressure  exceeding  the  atmosphere  by  more  than  7  lbs.  per  square  inch,  and  in  which 
the  piston  is  8upi)osed  to  move  at  the  average  rate  of  200  feet  per  minute.  These 
conditions  being  assumed,  and  a  good  vacuum  being  sustained  in  the  condenser,  22 
square  inches  of  the  piston  are  allowed  for  every  nominal  horse-power  of  the  engine. 

3.  Where  these  rules  are  observed,  the  nominal  power  of  an  engine  may  always  be 
obtained  by  dividing  the  number  of  square  indies  in  the  surface  of  the  piston  by  22  ; 
or,  which  is  the  same,  by  dividing  the  square  of  the  diameter  of  the  piston,  expressed 
in  inches,  by  28. 

4.  Again,  if  it  be  required  to  find  the  magnitude  of  the  piston  necessary  for  an 
engine  of  a  given  x>ower,  it  is  only  necessary  to  multiply  the  number  expressing  the 
power  by  28,  and  the  square  root  of  the  product  will  be  the  diameter  of  the  piston. 

5.  It  must  be  carefully  observed,  however,  that  such  rules  are  only  applicable  so 
long  as  the  piston  moves  with  the  above  velocity,  and  is  urged  by  low-pressure  steam 
at  the  above  rate. 

6.  Indeed,  it  may  be  observed  generally  that  the  mode  of  expressing  the  mechanical 
capabilities  of  engines  by  horse-power  frequently  leads  to  most  erroneous  conclusions, 
and  it  has  lately  been  accordingly  much  discontinued  among  engineers  and  scientific 
men.  In  locomotive  engines  it  is  not  applied  at  all ;  nor,  indeed,  in  the  Cornish  engines. 

7.  The  proportion  of  the  diameter  to  the  stroke  of  the  cylinder,  as  its  length  is 
called,  varies  very  much  according  to  the  purposes  to  which  the  engine  is  applied. 
In  marine  engines,  for  example,  where  the  cylinder  has  a  vertical  position  and  the 
engine  is  stinted  in  height,  the  stroke  very  little  exceeds  the  diameter.  In  stationary 
land  engines  the  proportion  of  the  diameter  to  the  stroke  is  frequently  that  of  1  to  2. 

8.  The  dimensions  of  the  air-pump,  condenser,  and  other  parts  of  the  engine,  bear 
a  certain  proportion  to  those  of  the  cylinder,  which  are  but  little  departed  from  by 
engine-makers. 

9.  Thus,  the  air-pump  has  usually  half  the  stroke  and  half  the  area  of  the  piston, 
and  consequently  its  capacity  is  a  quarter  of  that  of  the  cylinder ;  nevertheless,  some 
engineers  maintain  that  a  larger  proportion  of  air-pump  augments  the  efiSciency  of  the 
machine. 

SECTION   XXI. — HOW   THB  INTERNAL  CONDITION  OF   THE  BUILKR   AND  ENGINE   IS 

RENDERED  EXTERNALLY   MANIFEST. 

1.  To  enable  the  engine-man  to  maintain  the  boiler  and  machinery  in  a  state  of 
efficient  operation,  it  is  necessary  that  he  should  be  at  all  times  informed  of  their 
internal  condition.     A  class  of  contrivances  for  indicating  this  has  therefore  exercised 
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the  invention  of  those  to  whom  we  are  indebted  for  the  improyement  of  thifl  depart- 
ment of  mechanical  art. 

2.  One  of  the  most  obvious  circamstanees  attending  the  internal  condition  of  the 
boiler,  which  it  is  necessary  that  the  engine-man  shuuld  at  all  times  know,  ia  the 
quantity  of  water  in  it.  If  the  level  of  the  water  get  below  the  flues,  the  boiler  incurs 
the  danger  of  becoming  red-hot,  and  bursting  ;  if  the  level  of  the  water  be  too  high, 
the  steam  room  in  the  boiler  becomes  insufficient,  and  the  spray  of  the  boiling  water, 
mingled  with  the  steam,  passes  through  the  steam-pipes  into  the  cylinder,  prodacing 
a  waste  of  heat,  and  other  inconveniences  :  this  effect  is  called  priming.  The  level 
of  the  water  in  the  boiler  should  therefore  always  be  known. 

3.  The  earliest  and  most  simple  contrivance  for  indicating  this  is  the  gauge-cocka  : 
these  cocks  are  two  common  stop-cocks,  screwed  or  cemented  into  the  boiler,  one 
above  the  point  at  which  the  level  of  the  water  ought  to  stand,  and  the  other  below 
it.  When  the  water  is  at  the  proper  level,  steam  should  issue  on  opening  the  one, 
and  water  on  opening  the  other.  If  water  issue  from  the  upper  cock,  the  boiler  is 
too  full ;  and  if  steam  issue  from  the  lower  cock,  the  boiler  is  too  empty.  So  long  as 
steam  issues  from  the  upper  and  water  from  the  lower,  the  level  of  the  water  is  at  its 
right  point. 

4.  In  boilers  maintained  in  a  very  violent  ebullition,  where  a  highly  intense  fiimaoe 
is  used,  the  agitation  near  the  surface  renders  the  indication  of  the  gauge-cocks  some- 
times uncertain,  and  another  contrivance  is  either  substituted  for  them,  or  used  in 
connection  with  them. 

5.  If  it  were  possible  to  have  a  gla<s  boiler,  the  level  of  the  water  would  always  be 
visible  ;  but  instead  of  a  boiler  all  glass,  we  may  have  a  strong  glass  plate  inserted 
into  the  side  or  end  of  the  boiler  at  the  level  at  which  the  water  ought  to  stand,  and 
through  this  plate  the  surface  of  the  water  might  be  seen  ;  but  the  great  agitation  of 
the  water  in  ebullition  would  render  this  observation  uncertain  ;  the  object  is  there- 
fore accomplished  by  the  glass  icater  gauge  (see  Section  xxvii.  title  '  Qlaaa  Waitr 
Oauge '),  which  is  a  strong  glass  tube  placed  in  a  vertical  position  outside  the  boiler, 
communicating  at  the  top  and  bottom  by  metal  tubes  with  the  interior.  The  water 
in  the  boiler  enters  the  lower  end  of  this  tube,  and  the  steam  enters  the  upper  end  ; 
and,  by  the  common  principles  of  hydrostatics,  the  pressure  of  the  steam  in  the  tube 
and  in  the  boiler  being  the  same,  the  water  in  the  tube  will  stand  at  the  same  level 
as  the  water  in  the  boiler. 

6.  To  guard  against  the  effects  of  the  accidental  fracture  of  this  tube,  stop-cocks 
are  usually  placed  between  the  ends  of  it  and  the  boiler,  by  which  the  communication 
between  it  and  the  boiler  is  cut  off  at  pleasure.  When  the  engine-man  desires  to 
ascertain  the  level  of  the  water  in  the  boiler,  he  opens  both  the  stop-cocks,  but  at 
other  times  it  is  more  prudent  to  keep  them  closed. 

7.  This  expedient  has  the  advantage  over  the  gauge- cocks,  inasmuch  as  it  indicates 
the  exact  level  of  the  water. 

8.  Another  contrivance  used  for  this  purpose  consists  in  a  float,  formed  of  a  hollow 
casing  of  metal ;  to  this  is  attached  a  rod  which  passes  through  the  top  of  the  boiler. 

As  the  level  of  the  water  rises  or  falls  in  the  boiler,  this  float  rises  or  fi&lls  with  it, 
and  the  rod  is  pushed  upwards  or  drawn  downwards,  as  the  case  may  be.  An  index 
of  any  kind  may  be  attached  to  this  rod,  which  should  play  upon  a  divided  scale 
indicating  the  position  of  the  float  and  the  level  of  the  water. 

9.  Another  expedient  is  sometimes  used,  which  consists  of  a  tube  let  in  throngh 
the  top  of  the  boiler,  and  descending  to  a  point  below  which  the  water  ought  not  to 
fall :  at  the  top  of  this  tube  is  fixed  a  tteam  whUtlt. 

10.  So  long  as  the  level  of  the  water  is  above  the  lower  end  of  the  tube^  a  oolomn 
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of  water  will  be  sastained  in  the  tube  by  the  presBnre  of  the  steam  within  the  boiler ; 
but  when  the  level  subsideB  below  the  mouth  of  the  tube,  then  steam,  rushing  through 
the  tube,  will  issue  from  the  whistle,  and  produce  an  alarm  which  will  gi?e  notice  of 
the  want  of  water  in  the  boiler. 

11.  This  last  contrivance  can  only  be  used  in  low-pressure  boilers,  where  the 
column  of  water  which  will  balance  the  steam  is  not  too  high. 

12.  It  is  most  necessary  at  all  times  that  the  pressure  of  the  ste&m  within  the 
boiler  should  be  known,  and  provision  should  be  made  to  prevent  its  exceeding  a 
certain  limit.     This  is  accomplished  by  the  common  safety  valve. 

This  valve  is  an  ordinary  conical  valve,  placed  in  the  top  of  the  boiler,  and  fitting 
into  its  seat  so  as  to  be  steam-tight.  It  is  loaded  with  a  weight  which  determines 
the  maximum  pressure  Xo  which  the  steam  is  allowed  to  attain.  Thus,  if  it  be 
intended,  as  in  low-pressure  boilers  generally,  that  the  steam  should  not  exceed  6  lbs. 
per  square  inch,  then  the  safety  valve  is  loaded  with  a  weight,  regulated  in  such  pro- 
portion  to  the  uMignitude  of  its  surface  exposed  to  the  steam,  that  whenever  the 
pressure  of  the  steam  exceeds  this  limit,  it  forces  the  valve  open,  and  escapes,  until 
the  pressure  is  reduced  to  the  proper  limit. 

13.  The  safety  valve,  however,  affords  an  indication  that  the  pressure  of  the  steam 
does  not  exceed  a  certain  amount,  rather  than  an  indication  of  what  that  pressure 
actually  is. 

14.  The  tteam  gauge  exhibits  the  exact  amount  of  this  pressure. 

15.  The  steam  gauge  most  generally  used  is  that  called  the  Bourdon  Steam  Gauge. 
It  consists  of  a  metallic  tube,  closed  at  one  end,  and  communicating  at  the  other  end, 
by  means  of  a  stop-cock,  with  the  boiler.     The  tube  is  coiled  spirally. 

Any  variation  in  the  internal  pressure  causes  a  corresponding  change  in  the  form  of 
the  spiral,  and  these  changes  are  made  visible  to  the  eye  by  means  of  a  needle^ 
actuated  by  the  tube,  and  traversing  a  properly  divided  dial-plate. 

16.  Owing  to  the  obstruction  which  the  steam  encounters  in  passing  through  the 
Bteam  pipes  and  valves,  its  pressure  undergoes  a  greater  or  less  diminution  on  its  way 
to  the  cylinder.  To  ascertain  the  effective  pressure,  therefore,  in  the  cylinder,  a 
steam  gauge  is  sometimes  placed  upon  the  steam  pipe,  as  close  as  possible  to  the 
cylinder. 

17.  A  custom  has  been  adopted  too  generally  of  estimating  the  pressure  of  the 
steam  in  the  cylinder  by  its  pressure  in  the  boiler,  assuming  that  between  the  two 
there  is  but  a  slight  difference.  Nothing  can  be  more  erroneous  than  this.  Between 
the  pressure  of  the  steam  in  the  boiler  and  in  the  cylinder  there  may  be  almost  any 
amount  of  difference.  If  the  throttle  valve  be  nearly  closed  while  the  pressure  of  the 
steam  in  the  boiler  is  very  ffigh,  the  pressure  of  steam  which  works  the  piston  may 
be  very  low  ;  and,  on  the  other  hand,  if  the  throttle  valve  be  nearly  open,  there  may 
not  be  a  considerable  difference  between  the  two. 

18.  To  calculate,  therefore,  in  general,  the  effective  power  of  the  engine  by  taking, 
as  is  commonly  done,  the  pressure  of  the  steam  in  the  boiler,  and  multiplying  that  by 
the  area  of  the  piston  and  its  velocity,  is  a  most  fallacious  method.  The  indicator 
already  described  may  be  used  to  determine  the  average  pressure  of  steam  on  the 
piston,  and  thus  the  effective  action  of  the  piston  may  be  calculated  ;  or  if  the  actual 
quantity  of  water  transmitted  in  the  state  of  steam  to  the  cylinder  be  knuwn,  the 
mechanical  effect  of  this  can  be  calculated  independently  of  any  consideration  of  the 
pressure  of  the  steam,  or  even  of  the  magnitude  of  the  piston.  It  will,  however,  be 
necessary  even  in  this  case  to  determine  the  resistance  of  the  uncondensed  steam. 

19.  In  locomotive  engines  the  pressure  of  the  steam  is  indicated  by  a  spring  steelyard, 
which  is  made  to  act  upon  the  safety  valve.     (See  Section  xxyu.,  title  ^*  Spring 
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the  invention  of  those  to  whom  we  are  indebted  for  the  improYement  of  this  depart- 
ment of  mechanical  art. 

2.  One  of  the  most  obvious  circumstances  attending  the  internal  condition  of  the 
boiler,  which  it  is  necessary  that  the  engine-man  should  at  all  times  know,  is  the 
quantity  of  water  in  it.  If  the  level  of  the  water  get  below  the  flues,  the  boiler  incurs 
the  danger  of  becoming  red-hot,  and  bursting  ;  if  the  level  of  the  water  be  too  high, 
the  steam  room  in  the  boiler  becomes  insufficient,  and  the  spray  of  the  boiling  water, 
mingled  with  the  steam,  passes  through  the  steam-pipes  into  the  cylinder,  prodacing 
a  waste  of  heat,  and  other  inconveniences  :  this  e£fect  is  called  priming.  The  level 
df  the  water  in  the  boiler  should  therefore  always  be  known. 

3.  Tlie  earliest  aud  most  simple  contrivance  for  indicating  this  is  the  gauge-cocka: 
these  cocks  are  two  common  stop-cocks,  screwed  or  cemented  into  the  boiler,  one 
above  the  point  at  which  the  level  of  the  water  ought  to  stand,  and  the  other  below 
it.  When  the  water  is  at  the  proper  level,  steam  sliould  issue  on  opening  the  one, 
and  water  on  opening  the  other.  If  water  issue  from  the  upper  cock,  the  boiler  is 
too  full ;  and  if  steam  issue  from  the  lower  cock,  the  boiler  is  too  empty.  So  long  as 
steam  issues  from  the  upper  and  water  from  the  lower,  the  level  of  the  water  is  at  its 
right  point. 

4.  In  boilers  maintained  in  a  very  violent  ebullition,  where  a  highly  intense  furnace 
is  used,  the  agitation  near  the  surface  renders  the  indication  of  the  gauge-cocks  some- 
times uncertain,  and  another  contrivance  is  either  substituted  for  them,  or  used  in 
connection  with  them. 

5.  If  it  were  possible  to  have  a  gla«s  boiler,  the  level  of  the  water  would  always  be 
visible  ;  but  instead  of  a  boiler  all  glass,  we  may  have  a  strong  glass  plate  inserted 
into  the  side  or  end  of  the  boiler  at  the  level  at  which  the  water  ought  to  stand,  and 
through  this  plate  the  surface  of  the  water  might  be  seen  ;  but  the  great  agitation  of 
the  water  in  ebullition  would  render  this  observation  uncertain  ;  the  object  is  there- 
fore accomplished  by  the  glass  water  gauge  (see  Section  xxvii.  title  *  GIom  Water 
Gauge '),  which  is  a  strong  glass  tube  placed  in  a  vertical  position  outside  the  boiler, 
communiciiting  at  the  top  and  bottom  by  metal  tubes  with  the  interior.  The  water 
in  the  boiler  enters  the  lower  end  of  this  tube,  and  the  steam  enters  the  upper  end  ; ' 
and,  by  the  common  principles  of  hydrostatics,  the  pressure  of  the  steam  in  the  tube 
and  in  the  boiler  bebg  the  same,  the  water  in  the  tube  will  stand  at  the  same  level 
as  the  water  in  the  boiler. 

6.  To  guard  against  the  effects  of  the  accidental  fracture  of  this  tube,  stop-cocks 
are  usually  placed  between  the  ends  of  it  and  the  boiler,  by  which  the  communication 
between  it  and  the  boiler  is  cut  off  at  pleasure.  When  the  engine-man  desires  to 
ascertain  the  level  of  the  water  in  the  boiler,  he  opens  both  the  stop-cocks,  but  at 
other  times  it  is  more  prudent  to  keep  them  closed. 

7.  This  expedient  has  the  advantage  over  the  gauge-cocks,  inasmuch  as  it  indicates 
the  exact  level  of  the  water. 

8.  Another  contrivance  used  for  this  purpose  consists  in  a  fioat^  formed  of  a  hollow 
casing  of  metal ;  to  this  is  attached  a  rod  which  passes  through  the  top  of  the  boiler. 

As  the  level  of  the  water  rises  or  falls  in  the  boiler,  this  float  rises  or  fislls  with  it| 
and  the  rod  is  pushed  upwards  or  drawn  downwards,  as  the  case  may  be.  An  index 
of  any  kind  may  be  attached  to  this  rod,  which  should  play  upon  a  divided  scale 
indicating  the  position  of  the  float  and  the  level  of  the  water. 

9.  Another  expedient  is  sometimes  used,  which  consists  of  a  tube  let  in  throngh 
the  top  of  the  boiler,  and  descending  to  a  point  below  which  the  water  ought  not  to 
fall :  at  the  top  of  this  tube  is  fixed  a  ateam  whiaiU, 

10.  So  long  as  the  level  of  the  water  is  above  the  lower  end  of  the  tube^  a  column 
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of  water  will  be  sustained  in  the  tube  bj  the  pressure  of  the  steam  within  the  boiler ; 
but  when  the  level  subsides  below  the  mouth  of  the  tube,  then  steam,  rushing  through 
the  tube,  will  issue  from  the  whistle,  and  produce  an  alarm  which  will  gi?e  notice  of 
the  want  of  water  in  the  boiler. 

11.  This  last  cootrivance  can  only  be  used  in  low-pressure  boilers,  where  the 
column  of  water  which  will  balance  the  steam  is  not  too  high. 

12.  It  is  most  necessary  at  all  times  that  the  pressure  of  the  ste&m  within  the 
boiler  should  be  known,  and  proTision  should  be  made  to  prevent  its  exceeding  a 
certain  limit.     This  is  accomplished  by  the  common  safety  valve. 

This  valve  is  an  ordinary  conical  valve,  placed  in  the  top  of  the  boiler,  and  fitting 
into  its  seat  so  as  to  be  steam-tight.  It  is  loaded  with  a  weight  which  determines 
the  maximum  pressure  to  which  the  steam  is  allowed  to  attain.  Thus,  if  it  be 
intended,  as  in  low-pressure  boilers  generally,  that  the  steam  should  not  exceed  6  lbs. 
per  square  inch,  then  the  safety  valve  is  loaded  with  a  weight,  regulated  in  such  pro- 
X)ortion  to  the  magnitude  of  its  surface  exposed  to  the  steam,  that  whenever  the 
pressure  of  the  steam  exceeds  this  limit,  it  forces  the  valve  open,  and  escapes,  until 
the  pressure  is  reduced  to  the  proper  limit. 

13.  The  safety  valve,  however,  affords  an  indication  that  the  pressure  of  the  steam 
does  not  exceed  a  certain  amount,  rather  than  an  indication  of  what  that  pressure 
actually  is. 

14.  The  tUam  gauge  exhibits  the  exact  amount  of  this  pressure. 

15.  The  steam  gauge  most  generally  used  is  that  called  the  Bourdon  Steam  Gauge. 
It  consists  of  a  metallic  tube,  closed  at  one  end,  and  communicating  at  the  other  end, 
by  means  of  a  stop-cock,  with  the  boiler.     The  tube  is  coiled  spirally. 

Any  variation  in  the  internal  pressure  causes  a  corresponding  change  in  the  form  of 
the  spiral,  and  these  changes  are  made  visible  to  the  eye  by  means  of  a  needle^ 
actuated  by  the  tube,  and  traversing  a  properly  divided  dial-plate. 

16.  Owing  to  the  obstruction  which  the  steam  encounters  in  passing  through  the 
steam  pipes  and  valves,  its  pressure  undergoes  a  greater  or  less  diminution  on  its  way 
to  the  cylinder.  To  ascertain  the  effective  pressure,  therefore,  in  the  cylinder,  a 
steam  gauge  is  sometimes  placed  upon  the  steam  pipe,  as  close  as  possible  to  the 
cylinder. 

17.  A  custom  has  been  adopted  too  generally  of  estimating  the  pressure  of  the 
steam  in  the  cylinder  by  its  pressure  in  the  boiler,  assuming  that  between  the  two 
there  is  but  a  slight  difference.  Nothing  can  be  more  erroneous  than  this.  Between 
the  pressure  of  the  steam  in  the  boiler  and  in  the  cylinder  there  may  be  almost  any 
amount  of  difference.  If  the  throttle  valve  be  nearly  closed  while  the  pressure  of  the 
steam  in  the  boiler  is  very  ffigh,  the  pressure  of  steam  which  works  the  piston  may 
be  very  low  ;  and,  on  the  other  hand,  if  the  throttle  valve  be  nearly  open,  there  may 
not  be  a  considerable  difference  between  the  two. 

18.  To  calculate,  therefore,  in  general,  the  effective  power  of  the  engine  by  taking, 
as  is  commonly  done,  the  pressure  of  the  steam  in  the  boiler,  and  multiplying  that  by 
the  area  of  the  piston  and  its  velocity,  is  a  most  fallacious  method.  The  indicator 
already  described  may  be  used  to  determine  the  average  pressure  of  steam  on  the 
piston,  and  thus  the  effective  action  of  the  piston  may  be  calculated ;  or  if  the  actual 
quantity  of  water  transmitted  in  the  state  of  steam  to  the  cylinder  be  known,  the 
mechanical  effect  of  this  can  be  calculated  independently  of  any  consideration  of  the 
pressure  of  the  steam,  or  even  of  the  magnitude  of  the  piston.  It  will,  however,  be 
necessary  even  in  this  case  to  determine  the  resistance  of  the  uncondensed  steam. 

19.  In  locomotive  engines  the  pressure  of  the  steam  is  indicated  by  a  spring  steelyard, 
which  is  made  to  act  upon  the  safety  valve.     (See  Section  xxyu.,  title  **S}fring 
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Safety  Valve.")  This  instrument  is  in  principle  precisely  the  tame  aa  tbe  eommon 
spring  steelyards  used  in  domestic  economy.  A  scale  is  attached  to  it,  npon  which  an 
index  plays,  by  which  the  pressure  on  the  yalye  is  expressed  in  Ibe.  per  square  inch. 
The  instrument  is  usaally  screwed  down,  so  that  the  vaWe  will  only  be  opened  when 
the  steelyard  indicates  a  certain  pressure. 

20.  It  is  castomary,  more  especially  in  high-pressure  engines,  to  proride  two  safety 
valves,  one  of  which  shall  be  removed  from  the  interference  of  the  engine-man.  This 
precaution  prevents  the  danger  which  would  arise  from  the  engine-man  overloading 
the  valve,  or  from  tbe  valve  becoming  fixed  in  its  seat  from  accidental  causes,  which 
sometimes  happens. 

21.  When  a  boiler  censes  to  be  worked,  and  the  fire  has  been  extinguished,  the 
steam  which  filled  its  interior  will  be  speedily  condensed,  and  the  interior  wonld 
become  a  vacuum.  In  this  case  a  prodigioas  amount  of  atmospheric  pressure,  acting 
on  the  external  surface  of  the  boiler  inwards,  would  have  a  tendency  to  crush  it. 
This  contingency  is  sometimes  provided  against  by  a  safety  valve  which  opena 
inwards.  So  long  as  tbe  bciler  is  in  operation,  this  valve  is  kept  closed  by  the 
pressure  of  the  steam  ;  when  it  ceases  to  be  worked,  it  is  opened  by  the  presBore  of 
the  atmosphere. 

22.  It  is  most  necessary  for  the  efficient  operation  of  the  engine  that  the  state  of 
t  he  vacuum  in  the  condenser  should  be  at  all  times  known.  For  this  purpose  an 
indicator  is  adopted,  called  the  hai'^tmeUr  gauge ^  forming  one  of  the  most  important 
appendages  of  the  condensing  steam  engine.  (See  Section  xxtu.,  title  **£arome(€r 
Gauge.") 

This  instrument,  as  its  name  imports,  is  a  common  barometer ;  but  the  top  of 
the  tube,  instead  of  being  closed,  is  made  to  communicate  with  the  condenser.  The 
atmospheric  pressure,  acting,  as  usual  in  barometers,  on  the  mercury  in  the  cistam, 
presses  a  column  of  mercury  up  the  tube.  If  the  vacuum  in  the  condenser  were  aa 
perfect  as  that  which  is  at  the  top  of  the  barometric  tube,  then  the  column  of  mer- 
cury in  this  instrument  would  stand  at  exactly  tlie  same  height  as  in  the  common 
barometer  ;  but  as  this  is  never  the  case,  there  is  a  difierence  of  height  which  is  due 
to  the  pressure  of  uncondensed  steam  and  air,  which,  notwithstanding  the  action  of 
the  air-pump,  will  always  remain  in  more  or  less  quantity  in  the  condenser.  The 
difference,  therefore,  between  the  height  of  the  column  of  mercury  in  the  barometer 
gauga  communicating  with  the  condenser,  and  in  a  true  barometer  placed  near  it>  will 
give,  in  inches  of  mercury,  the  pressure  which  re-acts  upon  the  piston  against  the 
steam. 

23.  In  well-managed  engines  the  barometer  gauge  is  seldom  more  than  two  inches 
below  the  true  barometer,  which  would  give  a  pound  per*square  inch  for  the  prcssars 
re-acting  on  the  piston. 

24.  If  tbe  b]irometer  gauge  stand  too  low,  it  indicates  the  presence  either  ot  nnoon- 
densed  vapour  or  of  air  in  the  condenser.  This  may  arise  either  from  too  little  or 
too  much  water  being  thrown  in  by  the  condensing  jet.  If  too  little  be  thrown  in, 
the  condensation  will  be  imperfect,  and  uncondensed  vapour  will  lower  the  gauge  :  if 
too  much  be  thrown  in,  an  accumulation  of  air  will  be  produced  faster  than  the  pump 
can  remove  it,  and  tbe  gauge  will  be  similarly  affected.  The  adjustment  of  the  jet  is 
a  matter,  therefore,  that  should  be  carefully  attended  to.  The  cock  which  governs 
the  jet  has  a  handle  to  which  an  index  is  attached,  playing  upon  a  divided  scale ;  and 
according  to  the  position  of  that  index,  the  cook  is  more  or  less  opened  or  dosed. 
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SECTION  TTTT. — HOW  THE  WANTS  OF   THE  BOILEB  AND  ENGINE  ARE  SUPPLIED 

AND   HOW  THEIR   OPERATION  IS   REGULATED. 

1.  If  the  work  executed  by  a  steam  engine  were  subject  to  no  Tariation  whateTer, 
the  rate  at  which  the  steam  should  be  supplied  to  the  cylinder  and  generated  in  the 
boiler  would  be  uniform  also  ;  and  as  the  production  of  such  steam  necessarily  bears 
an  uniform  ratio  to  the  development  of  heat  in  the  furnace,  this  last  would  be  also 
uniform.  The  development  of  heat  in  the  furnace  being  in  direct  ratio  to  the 
supply  of  air,  or,  what  is  the  same,  the  draught  in  the  chimney,  it  would  follow  that 
an  engine  perfectly  uniform  in  its  action  would  require  an  invariable  adjustment  of 
the  flues,  an  inyariable  rate  of  evaporation  in  the  boiler,  and  an  invariable  magnitude 
of  communication  between  the  boiler  and  cylinder  for  the  supply  of  steam. 

2.  But  in  practice  it  is  found  that  the  work  to  be  executed  by  machinery  of  this 
kind  is  subject  to  more  or  less  variation,  requiring  a  greater  or  less  intensity  from 
time  to  time  in  the  moving  power. 

8.  This  necessitates  a  corresponding  rariation  in  the  action  of  the  steam  in  the 
cylinder.  This  variation  is  produced  by  the  throttle  valve,  placed  in  the  pipe  by 
which  steam  is  conducted  to  the  cylinder.  {^e»fig,  art,  17.)  This  valve  is  a  circular 
plate,  corresponding  nearly  with  the  magnitude  of  the  pipe  in  which  it  is  placed.  It 
is  BO  constructed  as  to  turn  on  an  axis  which  coincides  with  one  of  its  diameten,  and 
its  movement  is  governed  by  a  lever  or  handle  on  the  outside  of  the  steam  pipe. 
When  this  circular  plate  is  turned  so  as  to  present  its  edge  to  the  current  of  steam, 
that  current  is  allowed  to  pass  without  obBtructbn  to  the  cylinder  ;  but  when  it  i% 
turned  so  that  its  face  is  presented  to  the  steam,  the  current  is  altogether  stopped. 
Between  these  two  extreme  positions  it  may  have  any  intermediate  inclination  by 
which  the  flow  of  steam  to  the  cylinder  shall  be  regulated  in  any  desired  manner. 

4.  Supposing  this  valve  to  be  adjusted,  from  time  to  time,  so  as  to  proportion  the 
quantity  of  steam  admitted  to  the  cylinder  to  the  quantity  of  work  to  be  done,  the 
production  of  the  steam  in  the  boiler  will  have  to  be  considered.  If  this  production 
be  uniform,  it  must  be  adequate  in  quantity  to  the  greatest  amount  of  tteam  at  any 
time  required  by  the  cylinder. 

5.  When  less  than  this  is  admitted  to  the  cylinder  by  the  action  of  the  throttle 
valve,  an  accumulation  would  necessarily  take  place  in  the  boiler,  and  the  pressure  on 
the  safety  valve  becoming  excessive,  the  surplus  steam  would  blow  off.  This  would 
occasion,  of  course,  a  corresponding  waste  of  fuel.  The  remedy  for  this  would  be  a 
contrivance  by  which  the  rate  of  evaporation  in  the  boiler  can  be  augmented  or 
diminished  at  pleasure,  according  to  the  wants  of  the  cylinder.  This  will  obviously 
be  accomplished  by  any  contrivance  which  will  stimulate  or  slacken  the  furnace  at 
pleasure.  Now  since  the  action  of  the  furnace  is  regulated  by  the  intensity  of  the 
draught,  exactly  as  the  action  of  the  piston  is  regulated  by  the  intensity  of  the  steam 
admitted  to  it,  the  same  kind  of  reguktor  may  be  applied  to  the  one  as  has  been 
applied  to  the  other.  A  plate  called  a  damper  is  therefore  introduced  at  some  oonve- 
vient  point  in  the  flue  near  the  chimney.  This  plate  is  generally  made  like  a  sliding 
shutter.  When  it  is  let  down,  it  stopa  the  flue  altogether,  and  the  fire  would  be 
extinguished  ;  when  it  is  drawn  up  to  the  limit  of  its  play,  the  flue  is  altogether  open, 
and  the  draught  is  at  its  extreme  power  :  between  these  limits  the  damper  may  have 
an  indefinite  variety  of  positions,  leaving  more  or  less  of  the  flue  open,  so  as  to  give 
the  draught  any  required  intensity. 

6.  It  is  easy  to  imagine  an  attendant  working  these  two  instruments  so  as  to  regu* 
late  the  action  of  the  machinery.  When  the  resistance  on  the  working  point  is 
lightened,  the  throttle  Talve  is  partially  closed,  so  as  to  diminish  the  supply  of  steam, 
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and  at  the  same  time  the  damper  i&  partially  closed,  so  as  to  dimmish  the  draught  :  on 
the  other  hand,  when  the  load  on  the  machinery  is  increased,  the  throttle  ralre  is 
opened,  so  as  to  augment  the  supply  of  steam  and  increase  the  action  on  the  piston  ; 
and  the  damper  is  raised,  so  as  to  increase  the  intensity  of  the  oombnstion  mnd 
augment  the  rate  of  evaporation  in  the  boiler. 

7.  It  would  be  obviously  desirable  that  these  contri\'ances,  which  we  hare  here 
supposed  to  be  regulated  at  the  discretion  of  the  attendant  on  the  engine,  should  be 
regulated  by  the  wants  of  the  engine  itself,  so  as  to  be  made  telf-aeting,  like  the 
yalves  which  regulate  the  supply  of  steam  to  the  cylinder. 

8.  This  is  accordingly  accomplished  by  very  simple  and  effectual  means  in  low- 
pressure  boilers,  to  which  we  more  particularly  advert  at  present.    A  tube  is  inserted, 
which  descends  in  the  boiler  below  the  level  of  the  water  ;  the  pressure  of  the  steam 
supports  in  this  tube  a  column  of  water  of  a  certain  height,  and  as  the  pressure  of  the 
steam  varies,  this  column  varies  in  height.     A  float  is  introduced  in  the  tube,  and 
supported  by  this  column  of  water  :  a  chain  attached  to  this  float  is  conducted  orer 
one  or  more  pulleys,  and  carried  to  the  damper,  which  is  suspended  to  it.     Now,  let 
us  suppose  the  throttle  valve  either  opened  or  closed,   as  the  case  may  be.     If  it  be 
opened,  the  supply  of  steam  passing  from  the  boiler  to  the  cylinder  is  augmented  ; 
the  pressure  of  steam  in  the  boiler  is  for  the  moment  diminished  by  this  exhaustion  ; 
the  column  of  water  in  the  tube  falls  by  reason  of  the  diminished  pressure  ;  the  float 
supported  by  it  falls  with  it,  and,  drawing  down  the  chain,  draws  up  the  damper  » 
the  draft  through  the  furnace  is  augmented,  the  combustion  is  stimulated,  the  heat 
which  acts  on   the  boiler  increased,    and    the    evaporation    accelerated   until   the 
pruduction  of  steam  becomes  adequate  to  the  demands  of  the  cylinder. 

9.  In  this  way  the  varying  demands  of  the  cylinder  on  the  boiler  are  made  to  vary 
in  a  proportional  manner  the  action  of  the  furnace,  on  which  the  generation  of  steam 
de])ends  :  when  the  cylinder  consumes  much  steam,  the  damper  is  kept  open ;  when 
little,  it  is  partially  closed. 

10.  The  superintendence  of  the  damper  by  the  engine-man  is  therefore  superseded. 
The  engine  itself  works  it  more  regularly  and  perfectly  than  could  be  done  by  any 
manual  superintendence. 

11.  This  arrangement  is  called  the  self -acting  damper. 

12.  In  steam  engines  in  general,  and  especially  in  those  used  in  the  manufactorieSi 
the  rate  at  which  steam  is  supplied  to  the  cylinder  ought  to  be  proportionate  to  the 
work  which  the  engine  has  to  perform  ;  if  not,  whenever  the  resistance  on  the  engine 
should  be  diminished,  the  speed  of  the  piston  would  be  augmented ;  and  when- 
ever the  resistance  should  bo  augmented,  the  speed  of  the  piston  would  be  diminished, 
and  a  continually  varying  and  irregular  motion  would  necessarily  take  place  in  the 
engine,  and  would  be  transmitted  to  the  machinery  which  it  works.  This  is  in 
general  incompatible  with  the  exigences  of  the  arts  and  manufactures,  in  which 
there  is  a  certain  rate  of  motion  or  speed  which  ought  to  be  imparted  to  the 
machinery,  and  which  ought  neither  to  be  permitted  to  decline  or  augment. 

1 3.  Now,  since  occasional  variations  in  the  resistance  are  inevitable,  the  only  wi^ 
to  maintain  an  uniform  velocity  in  the  engine  and  in  the  machinery  it  drives  is  to 
provide  moans  of  regulating  the  supply  of  steam,  so  that  the  rate  at  which  it  shall 
flow  into  the  cylinder  shall  be  varied  in  the  exact  proportion  of  the  resistance.  This 
might,  as  I  have  already  stated,  be  accomplished  by  the  manual  superintendence  of 
the  throttle  valve  ;  but  a  much  more  certain  and  efficacious  expedient  was  supplied 
in  the  yovtmor^  by  the  fertile  invention  of  Watt. 

14.  To  make  the  principle  of  the  governor  comprehended,  we  must  refer  to  a  well- 
known  property  of  the  common  pendulum  used  as  the  regulator  of  time-pieoes.     It  is 
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the  propett;  at  this  instnunetit,  th&t  -when  it  oEdllfttes  in  obedience  to  gnvit;  from 
ude  U)  tide  in  a  drcalar  uc,  the  Ume  of  ita  libnttion  will  be  the  lame,  whether  the 
trcs  in  which  it  Tihratei  are  loog  oi  short,  pTorideil  obIj  the  kngle  of  itg  vihntioQ 
bg  Dot  eonsiderabU  :  if  the  arcs  be  short,  iU  motion  viU  b«  daw  ;  if  long,  ita 
Telodty  will  b«  prDportiDully  great ;  and  thus,  whether  loDg  or  short,  th»  time  of 
accomplishing  a  complete  Tibration  will  be  the  lame.  Thia  well-known  property  of 
ths  pendulum  is  called  uochroniiim. 

19.  Now  if  the  penduloQi  knob,  instead  of  Tibratiog  In  a  circular  arc,  be  made  to 
wbirl  with  a  circnlar  motion  roaad  an  siia,  (he  knob,  in  Tirtue  of  the  centrifngal 
force  produced  by  the  rotaUoD,  will  haro  a  tendency  to  recede  from  the  aiia  round 
which  the  motion  takes  ptace  ;  and  when  it  assumes  such  a  position  that  the  tendency 
to  reoede  ie  equal  to  its  tendency  to  descend,  in  lirtne  of  ita  weight,  it  will  remain  at 
s  Gied  distance  from  the  axis 'round  which  it  reiuWea,  neither  receding  from  nor 
approaching  to  it. 

16.  It  is  a  property  of  thia  arrangement,  quite  analogous  to  the  isocliroDism  oftha 
pendulum,  and,  indeed,  depending  on  the  tame  phjaicAl  principles,  that  the  time  of 
rcTolutton  neceaaary  to  produce  this  equilibrium,  and  to  keep  the  knoh  at  a  Sxed 
distHuce  from  the  aiis,  without  receding  ftom  or  approaching  to  it,  !a  the  aame, 
whaterer  be  the  dietaoce  of  the  knob  from  the  aiis,  provided  only  that  the  angle  of 
obliquity  of  the  rod  be  not  considerable  ;  and  even  though  such  angle  have  some 
conslderahle  magnitude,  the  thnes  of  rerolution  corresponding  to  the  atate  of  eqnili- 
briom  will  not  be  cnnaiderablj  different. 

17.  This  expedient,  IcuDwn  by  the  name  of  the  eanical  pendulam,  was  applied  by 
Watt,  with  hia  usual  felicity  and  success,  to  the  regulation  of  the  throttle  valTe.  The 
■rrangementi  as  usually  adopted,  is  represented  in  the  following  figure.  Two  balls  i 
axe  attached  to  the  ends  of  equal  rods  of  metal,  a  a.     The  arrangemeut  ia  cc 


of  a  series  oF  jointed  rods  n  >  1,  which  play  upon  a  rertical  apindleOD,  being  fiied 
at  B,  but  capable  of  sliding  upon  it  at  s.  When  the  baits  are  separated  ao  that  the 
rods  B  0  become  more  dirergent,  the  arms  b  w  open,  and  the  pivots  r,  separating, 
diav  down  Che  collar  B,  which,  as  I  have  stated,  slides  upon  the  spindle  :  and  on  the 
contrary,  when  the  balls  approach  each  other,  the  arms  h  r  also  approach  each  other, 
and  tbe  collar  ■  is  forced  up.     Thu^  according  to  the  distances  of  the  balls  from  the 
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vertical  spindle,  the  collar  i  ascends  or  descends.     In  the  collar  s  is  inaerted  the 

forked  end  k  of  the  lever  m  L  k.     The  end  K  of  this  lever  is  connectfcd,  as  i^presentod 

in  the  figure,  with  the  throttle  valve  t,  and  the  proportion  and  pontion  of  the  rods 

are  so  adjusted  that  when  the  balls  descend   towards  their   lowest   position,    the 

throttle  valre    becomes    open ;    and  when    they  separate,   it    beoomes    gradually 

closed. 

A  grooved  wheel  a  b,  or  oftener  a  toothed  pinion,  is  fixed  upon  the  axle  of  the 

spindle,  which  receives  its  motion  from  any  convenient  part  of  the  machinery. 

Now  let  us  suppose  that  the  load  on  the  engine  is  suddenly  diminished.  A 
momentary  augmentation  of  speed  will  take  place  in  the  piston,  and  an  increased 
velocity  be  imparted  to  the  wheel  a  b  and  the  balls  of  the  governor  ;  these  balls  will 
consequently  fly  further  from  the  vertical  spindle,  the  fork  K  will  be  drawn  down, 
the  throttle  valve  T  partially  closed,  and  the  supply  of  steam  to  the  cylinder 
diminished. 

If,  on  the  other  hand,  the  load  on  the  engine  be  increased,  the  speed  of  the  piston 
will  be  momentarily  slackened,  the  velocity  of  the  wheel  a  b  will  be  diminished,  the 
balls  will  descend  and  approach  the  vertical  spindle,  the  fork  k  will  be  raised,  and 
the  throttle  valve  t  partially  opened.  In  this  manner  the  governor  has  the  effect  of 
admitting  at  all  times  to  the  cylinder  just  that  portion  of  steam  which  is  necessary  to 
give  to  the  piston  the  proper  velocity,  the  quantity  being  always  proportioned  to  the 
load  on  the  engine. 

It  is  to  be  understood  that  this  beautiful  little  instrument  exercises  powers 
circumscribed  within  narrow  limits,  but  these  limits  are  sufficiently  extended  to 
accommodate  themselves  to  the  variations  incidental  to  the  work  which  the  engine 
performs.  If  the  average  amount  of  work  varies  from  time  to  time,  the  governor 
can  be  adjusted  accordiogly. 

18.  I  have  already  explained  in  how  great  a  degree  the  regular  supply  of  water  to 
the  boiler  is  necessary  to  the  efficiency  of  the  machine.  Since  the  water  in  the 
boiler  will  bo  in  the  direct  pro{>ortion  of  the  work  executed  by  the  engine  and 
the  combustion  in  the  furnace,  it  seems  natural  to  seek  for  some  self-regulating  mode 
of  feeding  the  boiler,  analogous  to  that  which  we  have  described  as  governing  the 
combustion  in  the  furnace  and  the  supply  of  steam  to  the  cylinder.  It  has  been 
already  explained  that  a  float  within  the  boiler  causes  a  rod,  bearing  an  index  to 
ascend  and  descend,  indicating  always  the  quantity  of  water  in  the  boiler. 

Now  if  this  rod  can  be  made  to  act  upon  a  reservoir  of  water  communioating  with 
the  interior  of  the  boiler,  so  as  to  open  the  valve  and  admit  water  when  it  descends, 
and  close  the  valve  so  as  to  stop  the  supply  when  it  ascends,  the  desired  object  will 
be  attained.  Such  an  arrangement  hps  accordingly  been  adopted  with  complete 
success  in  low-pressure  boilers,  and  forms  what  is  called  the  self-acting  feeder.  To 
the  rod  of  the  float  is  attached  a  cord  or  chain  by  which  it  is  connected  with  the  end 
of  a  lever,  which  opens  and  closes  a  valve  placed  in  the  bottom  of  a  small  cistern 
which  stands  at  a  sufficient  height  above  the  boiler.  A  tube  is  inserted  in  the  bottom 
of  this  cistern  under  the  valve,  which  tube  descends  into  the  boiler,  and  in  it  a  colomn 
of  water  is  sustained  by  the  pressure  of  the  steam,  as  already  described. 

When  the  level  of  the  water  subsides  and  the  boiler  requires  feeding,  the  float  falls, 
draws  duwn  the  rod,  opens  the  valve  in  the  small  cistern  above,  and  lets  water  flow 
in  through  the  tube  :  this  continues  until  the  level  of  the  water  is  restored  to  its 
proper  height,  when  the  valve  is  closed. 

19.  But  to  speak  more  precisely,  this  valve  is  not  alternately  opened  and  dosed. 
The  float  and  valve  will  be  so  adjusted  that  the  latter  is  kept  just  so  much  open  as 
to  allow  a  stream  of  water  to  descend  in  the  tube  which  is  exactly  equal  to  the  rate 
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of  eTaporation  in  the  boiler,  to  tliat  the  level  of  tbe  water  is  kept  constantly  at  the 
same  point. 

20.  This  arrangement,  howeTer,  is  only  applicable  to  low-pressure  boilers,  for  in 
high-pressure  boilers  the  column  of  water  which  would  be  sustained  in  the  tube 
would  be  too  high. 

21.  It  is  customary  to  supply  the  feed  cistern  just  mentioned  with  the  water 
pumped  from  the  condenser  by  the  fdr-pump  :  this  water,  haying  a  temperature  more 
elevated  than  that  of  the  atmosphere,  carries  back  to  the  boiler  a  portion  of  heat 
which  would  otherwise  be  wasted. 

22.  In  high-pressure  boilers,  where  this  feeding  apparatus  would  be  inapplicable, 
the  necessary  quantity  of  water  is  driven  into  the  boiler  by  forcing  pumps,  called 
feed-pumps^  which  are  worked  by  the  engine.  The  dimensions  of  these  pumps  are 
regulated  according  to  the  average  evaporating  power  of  the  boiler,  so  that  the 
quantity  of  water  which  they  throw  in  shall  be  exactly  equal  to  the  quantity  which 
passes  in  the  state  of  steam  to  the  cylinder. 

23.  As  this  proportion,  however,  cannot  be  always  precisely  maintained,  it  is 
necessary  to  provide  means  for  cutting  off  the  feed-pumps,  or  throwing  them  into 
operation  at  pleasure.  Arrangements  of  this  kind  are  accordingly  provided,  and 
placed  at  the  disposal  of  the  engineer. 

24.  An  easy  and  obvious  expedient  suggests  itself  for  cutting  off  the  feed,  and 
supplying  it  according  to  the  wants  of  the  boiler,  which,  however,  I  do  not  recollect 
seeing  adopted  in  practice. 

25.  The  float  which  rises  and  falls  with  the  level  of  the  water  in  the  boiler  might 
be  made  to  act  by  its  rod  upon  the  gearing  of  the  feed-pumps,  exactly  as  it  acts  upon 
the  valve  in  the  feed-cistern  in  low-pressure  boilers ;  so  that  whenever  tbe  level 
of  the  water  should  become  too  high,  the  pump  should  be  thrown  out  of  gear  ;  and 
whenever  it  was  too  low,  it  should  be  thrown  into  action. 

SECTION   XXm. — HOW  THE   STEAM   ENGINE  IS  ADAPTED  TO   THE  WORKING  OP 

PUMPS. 

1.  Hitherto  we  have  considered  the  piston  as  driven  in  both  directions,  upwards 
and  downwards,  by  steam,  a  vacuum  being  produced  alternately  on  the  side  towards 
which  it  moves. 

2.  When  the  engine  is  applied  to  work  a  common  lifting-pump,  the  force  being  only 
required  to  be  exerted  when  the  pump  buckets  are  raised,  but  not  in  their  descent,  an 
arrangement  would  be  required  in  the  cylinder  by  which  the  piston  should  be  only 
driven  by  steam  in  its  descent,  the  pump  buckets  being  then  raised  at  the  other  end 
of  the  beam  ;  but  in  its  ascent  the  piston  would  be  drawn  up  by  the  weight  of  the 
descending  buckets  and  rods,  without  any  aid  from  the  steam.  Engines  adapted  to 
work  such  pumjM  are  therefore  so  arranged  that  the  valve  shall  only  admit  steam 
above  the  piston,  a  vacuum  being  made  below  it  in  the  descent.  BngiDes  constructed 
in  this  manner  are  called  tingle-acting  engines,  while  those  in  which  the  steam  acts 
both  above  and  below  the  piston  are  called  double-<icting  engines. 

3.  The  single-acting  engine  in  its  principle  differs  in  no  respect  from  those  we 
have  described.  A  valve  is  provided  at  the  top  of  the  cylinder,  by  which  steam 
is  admitted  above  the  piston  when  it  begins  to  descend  ;  another  valve  is  provided  at 
the  bottom,  by  which  the  steam  under  the  piston  passes  to  the  condenser ;  and  the 
piston  descends  exactly  in  the  same  manner  as  in  the  double-acting  engine.  But 
when  the  piston  has  reached  the  bottom  of  the  cylinder,  a  valve  is  opened  which 
gives  a  communication  between  the  top  and  the  bottom  of  the  cylinder,  so  that 
the  steam  which  has  just  pressed  the  piston  down  now  passes  equally  above  and 
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COSDEXSIXG   APFAJUTUd   IS   I5ADMISS1BLE. 

1.  It  i» ill  be  perceired  that  the  advantages  obtained  by  the  Taeunm  prodaced  bf 
the  cibdenitation  of  tteam  arr;  not  without  drawbacks.  The  machinerr  for  coodea- 
katioh  is  cmxAjy  balky,  and  heavy,  and  moreover  consumes  a  considerable  pwriion  of 
the  moving  p^jwer  in  working  it.  The  condenser  requires  a  cistern  of  cold  water,  in 
which  it  is  submerged.  The  cistern  must  be  kept  constantly  suppUed  with  6i>ld 
water,  fur  which  purjx^se  a  pump  called  the  cold  water  pump,  must  be  worked  by  the 
engine.  The  water  and  air  admitted  by  the  condensing  jet  must  be  continually 
puraficd  out  by  the  air-pump.  In  many  cases  the  steam  engine  is  worked  in  siUi- 
atiouH  in  which  a  sufficient  supply  of  cold  water  cannot  be  procured,  and  where  the 
weight  and  bulk  of  the  condenser^  air-pump,  and  cold  water  pump,  would  be  inad* 
inissiblc.  In  these  cases  the  power  of  the  steam  must  be  worked  without  the  advan* 
ta^e  of  the  vacuum  on  the  other  side  of  the  piston.  Engines  thus  constructed  are 
called  rum-condcnting  enginet,  and  sometimes,  though  not  with  strict  propriety,  A^A- 
preature  enfjiiia.  Steam  having  a  greater  pressure  than  that  of  the  atmosphere  being 
admitted  on  one  side  of  the  piston,  and  the  other  side  being  left  in  open  communi- 
cation with  the  atmosphere,  the  piston  will  be  urged  forwards  by  a  force  proportional 
t<j  the  excess  of  the  steam  pressure  above  the  pressure  of  the  atmosphere,  the  friction, 
and  other  resiKtances.  When  the  X'iston  is  thus  drawn  to  the  other  end  of  the  cylinder, 
th';  steam  being  admitted  on  the  opposite  side  of  the  piston,  and  the  contrary  side 
being  of)cn  to  the  atmosphere,  the  piston  will  in  like  manner  be  urged  back  again. 

2.  Between  the  mtchanittm  by  which  the  admission  and  emission  of  the  steam  is 
cfTc-ctcd  in  this  machinery,  and  that  which  we  have  described  in  the  condensing 
engine,  there  is  no  real  difference.  Whetlicr  the  steam  be  allowed  to  escape  to  the 
condenser  or  into  the  open  atmosphere,  the  mechanism  which  governs  its  admission 
and  csaiiM!  will  be  the  same. 

3.  As  the  pressure  of  the  steam  in  such  machines  must  necessarily  exceed  that  of 
the  atmosphere,  in  a  sufiQcieut  proportion  to  sujiply  a  force  necessary  for  the  pnrpoM 
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to  which  the  machine  is  applied,  the  pressure  is  always  mnch  greater  than  is  neces- 
sary where  condensation  is  used ;  and  hence  the  application  of  the  term  high  pressure 
engines  to  such  machines  ;  but  the  use  of  the  term  is  objectionable,  inasmuch  as 
steam  of  an  equally  high  pressure  is  often  used  in  engines  in  which  the  steam  is  con- 
densed and  a  Tacuum  produced.  An  example  of  this  is  presented  in  the  engines  used  in 
Cornwall,  where  steam  having  a  pressure  of  50  tbs.  or  upwards  on  the  square  inch  is  used. 

4.  Properly  speaking,  therefore,  high  pressure  engines  consist  of  two  classy ;  those 
in  which  the  steam  is  not  condensed,  and  those  in  which  it  is  condensed. 

5.  The  most  proper  classification  of  engines,  therefore,  is  into  condensing  and  non- 
condensing  engines ;  the  latter  being  always  high-pressure  engines,  and  the  former 
aometimes  high-pressure  and  sometimes  low-pressure, 

6.  By  low-pressure  engines  is  to  be  understood  those  in  which  the  safety  valTe  on 
the  boiler  is  loaded  at  the  rate  of  4  to  6  lbs.  per  square  inch. 

7.  High-pressure  engines  is  a  term  rather  indefinite  ;  but  where  the  yalve  is  loaded 
with  20  lbs.  or  upwards  per  square  inch,  the  machine  is  generally  so  called. 

8.  In  the  United  States,  the  use  of  high-pressure  steam  is  mnch  more  universal 
than  in  England,  and  20  lbs.  upon  a  square  inch  of  the  safety-valve  would  hardly  be 
denominated  high  pressure.  This  will  be  understood  when  it  is  stated  that  from  120 
to  150  lbs.  per  square  inch  is  not  a  very  uncommon  pressure  to  use. 

9.  In  locomotive  engines,  the  condensing  apparatus  is  excluded  for  obvious  reasons. 
The  pressure  in  these  is  usually  from  100  to  150  lbs.  per  square  inch.  The  steam  which 
escapes  from  the  cylinder  after  working  the  engine,  is  ejected  up  the  chimney,  where 
it  plays  the  part  of  a  blower,  and  supplies  that  want  of  elevation  of  the  chimney 
which  circumstances  here  exclude. 

nOTION   XXV. — HOW  THB  MKCnANICAL   PRESSURE  OP  THE  STEAM   ON   THE   PISTON   IS 
LIMITED,    AND  HOW   TUB  SPEED   OF   THB   PISTON    IS   AFPEOTBD    BT   THIS. 

It  is  commonly  but  erroneously  supposed  that  the  pressure  which  the  steam  exerts 
on  the  piston  of  an  engine  can  be  augmented  or  diminished  at  pleasure  by  augment- 
ing or  diminishing  the  pressure  of  the  steam  in  the  boiler.  A  moment's  attention  to 
some  universal  principles  of  mechanical  science  will  be  sufficient  to  rectify  this  error. 

It  is  an  established  principle,  that  when  a  bo^ly  which  ofiers  a  definite  resistance 
to  motion  is  impelled  by  a  force  whose  pressure  is  precisely  equal  to  that  resistance, 
the  body  so  acted  upon  must  be  in  one  of  two  states,  viz.  either  at  rest,  or  moving 
with  an  uniform  velocity. 

This  principle  ia  convertible.  A  state  of  rest  or  of  uniform  motion  presumes  that 
the  body  in  such  state  must  be  acted  upon  by  forces  in  equilibrio^ — that  is  to  say,  if 
it  be  in  motion,  the  energy  of  the  forces  which  impel  it  must  be  precisely  equivalent 
to  the  resistance  which  it  offers  to  them. 

To  illustrate  this  by  a  practical  example,  let  us  suppose  that  a  carriage  placed  on 
an  uniform  and  level  road  is  drawn  by  a  horse  at  a  perfectly  uniform  speed.  The 
resistance  in  this  case  which  the  carriage  offers  to  the  draught  is  precisely  equivalent  to 
t}ie  force  impressed  by  the  horse  on  the  collar. 

If  an  experimental  proof  of  this  be  required,  it  may  be  easily  given.  Let  a  carriage 
be  placed  on  any  level  surface,  and  drawn  by  a  weight  carried  over  a  pulley.  When 
its  motion  is  uniform,  it  will  be  found  that  the  amount  of  the  weight  which  gives  it 
such  motion  is  precisely  equal  to  the  resistance  of  the  carriage. 

But  it  will  be  asked,  how  can  the  energy  of  the  impelling  forces  be  greater  or  less 
than  the  resistance,  if  the  object  to  which  it  is  applied  be  in  motion  ?  If  it  be  greater 
than  the  resistance,  it  cannot  do  more  than  move  it ;  if  it  be  less  than  the  resistance, 
why  does  not  the  object  stop  altogether  ?    Admitting  that  a  moving  force  greater  in 
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amount  than  the  resistance  of  the  body  mored  can  be  applied,  it  ma.7  be  fartber 
asked,  what  bocomcs  of  the  suqilas  of  sach  moving  force  I  It  is  clear  that  the  resit- 
anoe  cannot  absorb  more  than  its  own  amount  of  the  moring  force  ;  on  wba^  thai- 
is  the  surplus  expended  ? 

Let  the  nimple  and  familiar  example  of  a  carriage  moTed  on  a  level  road  be  taken. 
Let  us  suppose  that  the- force  exercised  on  the  carriage  is  150  lbs.  while  the  reaisi- 
anoe  of  the  carriage  to  the  movbg  power  is  only  100  lbs.  On  what  object^  then,  are 
the  other  50  )T»s.  expended  ? 

The  answer  to  this  is  extremely  simple,  and  easily  nnderstood.  When  the  moving 
force  is  thus  greater  in  intensity  than  the  resistance,  the  motion  imparted  to  the  body 
to  which  it  is  applied  is  not,  as  above,  an  uniform  speed,  but  a  speed  constantly 
acoelcratcd  :  in  every  succeeding  second  of  time  the  moving  force  imparts  to  the 
body  an  increased  velocity,  and  consequently  an  increased  momentum.  It  is  by  this 
augmentation  of  momentum,  then,  that  the  surplus  moving  force  is  absorbed.  It  is» 
therefore  a  living  force.  It  is  not,  properly  speaking,  extinguished,  as  in  that  portioa 
of  the  moving  force  which  is  in  equilihrio  with  the  reaistanoe.  The  momoatum 
which  it  produces  in  the  moving  l>ody  will  be  retained  and  expended  npon  something 
before  the  moving  body  can  come  to  a  state  of  rest. 

Accelerated  motion  is,  then,  the  consequence  of  the  moving  force  exceeding  in 
amount  the  resistance  of  the  body  moved. 

Analogy  will  at  once  raise  the  presumption,  that  a  gradually  retarded  motion  will 
be  the  consequence  of  the  moving  force  being  less  in  intensity  than  the  resistance  of 
the  body  moved. 

The  moving  force  in  this  case  balances,  or  as  it  were  extinguishes  so  mnch  of  the 
resistance  as  is  equal  to  its  intensity  ;  the  excess  of  the  resistance,  however,  renuuns 
to  be  accounted  for.  What  is  its  efifect,  and  what  becomes  of  it  ?  We  suppose  the 
body  to  be  already  in  motion  ;  its  weight  or  mass  has  therefore  a  certun  momentum, 
which,  by  the  common  properties  of  matter,  gives  it  a  tendency  to  continue  in  moUon. 
This  tendency  is  oiiposed  by  that  portion  of  the  resistance  which  is  not  balanced  by 
the  moving  force.  This  portion  of  the  r^istance,  then  gradually  robs  the  moving 
body  of  its  momentum,  makes  it  move  more  and  more  slowly,  and  at  length,  extin- 
guishing all  the  momentum,  brings  the  body  to  a  state  of  rest. 

Thus  it  will  be  clearly  understood  that  any  inequality  between  the  intenwty  of  the 
prcfitsurc,  or  traction,  or  impulsion,  by  whichever  term  the  moving  force  be  designated 
and  the  intensity  of  the  resistance,  will  be  attended  with  an  accelerated  or  retarded 
motion  in  the  boily  moved,  according  as  the  excess  lies  on  the  side  of  the  moving 
power  or  on  the  side  of  the  resistance. 

There  is  nothing  new  in  these  principles.     They  are,  in  £&ct,  the  established  prin 
ciples  of  general  mechanics,  perfectly  familiar  to  all  who  have  cultivated  the  higher 
departments  of  science. 

Let  us  apply  these  principles  to  the  case  of  a  steam  engine. 

The  piston  is  in  this  case  the  body  moved.  The  boiler  is  the  source  of  the  movinfs 
power.  To  simplify  the  case,  we  shall  imagine  the  motion  of  the  piston  to  take  place 
constantly  in  one  direction,  instead  of  being  reciprocated  from  end  to  end  of  the 
cylinder. 

Now  it  follows  from  what  has  just  been  explained,  that  if  the  motion  of  the  piston 
in  the  cylinder  be  uniform,  the  pressure  of  the  steam  which  impels  it  cannot  by  any 
mechanical  possibility  be  different  from  the  amount  of  the  resistance  which  the  piston 
offers.  You  may  load  the  safety  valve  as  you  please  :  you  may  vary  the  condition  of 
the  boiler  in  any  imaginable  manner,  and  the  pressure  of  the  steam  in  that  vewcl 
may  have  any  intensity  whatever  \  but  it  is  demonstrably  eertain  that  the  pressoFi  of 
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tbe  steam  in  the  oylmder  cannot  be  either  greater  or  less  than  sneh  as  wonid  be  neces- 
sary on  the  entire  surface  of  the  piston  to  produoe  an  action  equal  to  its  resistance. 
This  is  as  certain  as  the  conclusion  of  any  problem  in  common  geometry. 

But  then,  it  may  be  objected,  we  can  hare  no  power  to  yary  the  pressure  of  the 
steam  in  the  boiler,  inasmuch  as  the  resistance  of  the  piston  has  no  connection  with 
the  source  of  the  moving  power. 

I  have  explained  in  a  former  section  that  the  pressure  of  steam  in  the  boiler, 
though  it  can  never  be  less  than  the  pressure  of  steam  in  the  cylinder,  may  be  to  any 
desired  extent  greater :  the  action  of  the  throttle  yalve  explains  this  :  the  more  the 
throttle  valve  is  contracted,  and  the  smaller  the  orifice  through  which  the  steam  has 
to  pass  into  the  cylinder,  the  greater  will  be  the  ratio  of  ita  pressure  in  the  boiler  to 
its  pressure  in  the  cylinder.  There  is,  then,  a  minor  limit  to  the  pressure  of  steam 
in  the  boiler ;  it  cannot  be  less  than  such  a  pressure  as  would  produce  on  the  piston 
an  action  equal  to  its  resistance. 

What  is,  on  the  other  hand,  the  major  limit  of  the  pressure  of  steam  in  the  boiler  ? 
This  limit  is  obviously  determined  by  the  load  on  the  safety  valve  :  when  the  steam 
exceeds  this  limits  the  safety  yalve  will  be  opened,  and  the  surplus  pressure  reduced 
by  escape. 

It  thus  appears  that  the  piston  and  the  safety  valve  supply  the  two  limits  of  the 
possible  pressure  of  steam  in  the  boiler.  The  pressure  per  square  inch  of  the  steam 
in  the  boiler  cannot  be  less  than  the  resistance  per  square  inch  of  the  piston,  nor 
greater  than  the  pressure  per  square  inch  on  the  safety  valve. 

In  the  ordinary  action  of  an  engine,  the  motion  must  in  the  main  be  uniform. 
Acceleration  or  retardation  are  conditions  exceptional  and  occasional.  When  the  pis- 
ton is  first  put  in  motion  from  a  state  of  rest,  its  motion  is  accelerated  until  it  has 
attained  its  nqrmal  and  regular  speed  ;  when  the  engine  is  about  to  be  stopped,  its 
motion  is  gradually  retarded  imtil  the  resistance  extinguishes  the  momentum  of  the 
machinery. 

When  the  piston  and  other  redprocating  parts  of  the  machinery  change  the  direc- 
tion of  their  motion  at  each  extremity  of  the  stroke,  they  will  be  for  a  short  interval, 
before  and  after  the  moment  the  direction  changes,  retarded  and  accelerated  ;  and 
this  retardation  and  acceleration  would  be  very  x)erceptible,  were  it  not  for  the  fly- 
wheel :  but  the  momentum  of  the  fly-wheel,  as  well  in  consequence  of  its  weight  as 
of  the  velocity  of  the  matter  forming  its  rim,  so  prodigiously  exceeds  the  momentum 
of  the  reciprocating  parte  of  the  machinery,  that  the  effect  of  acceleration  and  retard- 
ation in  the  latter  is  altogether  effisiced  by  the  great  momentum  of  the  revolving  mass 
of  the  former. 

It  is  for  this  reason  that  the  fly-wheel  justifies  us  practically  in  our  reasoning  in 
assuming  the  piston  as  moving  uniformly  and  constantly  in  one  direction,  instead  of 
reciprocating. 

When  the  steam  is  used  expansively,  being  cat  off  at  one-lu^f,  or  any  other  fraction 
of  the  stroke,  the  impeUing  power  necessarily  varies  in  intensity  ;  and  as  the  resist- 
ance does  not  vary  in  intensity,  or  at  least  does  not  vary  in  the  same  manner  and  pro- 
portion, there  will  consequently  not  be  an  equilibrium  between  the  moving  power  and 
the  resistance,  and  the  motion  therefore  cannot  be  uniform. 

When  steam  ia  thus  applied,  the  pressure,  when  first  admitted  on  the  piston,  is 
greater  than  the  resistance  ;  and  so  long  as  the  steam  valve  is  open,  the  motion  of  the 
piston  will  be  accelerated.  When  it  is  dosed,  and  the  steam  begins  to  expand,  it 
gradually  diminishes  in  intensity.  The  accelerated  motion  of  the  piston  will,  how- 
ever, continue  until  the  pressure  of  the  steam  becomes  equal  to  the  resistance.  Fur- 
ther expansion  rendering  it  less  powerfnl  than  the  resistance,  the  motion  of  the  piston 
will  be  retarded  to  the  end  of  the  stroke. 
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This  series  of  effects  is  repeated  at  each  stroke  of  the  piston. 

Nov  although  ia  this  c<'ii>e  the  motion  of  the  piston  daring  anj  one  itroke  is 
variable,  yet  the  average  motion  of  the  machine  will  be  nniform  :  although  through- 
out a  single  stroke  the  ]nston  l>e  alternately  accelerate<l  and  retarded,  yet  the  number 
of  strokes  performed  by  the  machine  per  minute  will  be  the  same.  The  average 
velocity  will  be  uniform,  although  the  velocity  within  the  limit  of  a  single  stroke  be 
not  so. 

But  even  this  variation  within  the  limits  of  each  stroke  is  almost  effiaeed  bj  the 
action  of  the  fly-wheel,  which  absorbs  the  acceleration  and  repairs  the  retardation  bj 
giving  and  taking  momentum,  as  already  described. 

I  have  spoken  of  the  uniform  velocity  of  the  piston,  which,  whether  it  be  main- 
tained in  the  literal  sense  of  the  term,  or  only  on  the  average,  as  estimated  by 
the  number  of  strokes  per  minute,  must  in  every  case  be  the  result  of  an  eqnilibriam 
between  the  average  moving  force  of  the  steam  and  the  resistance  of  the  machinery. 
But  what,  it  may  be  asked,  determines  the  rate  of  this  nniform  speed  ?  What  ocm- 
ditions  are  they  which  can  determine  whether  the  piston  shall  move  200  feet  or  500 
feet  per  minute  ? 

This  is  obviously  determined  by  the  rate  at  which  the  boiler  is  capable  of  supplying 
steam  of  the  requisite  pressure  to  the  cylinder.  Jjct  the  resistance  on  the  piston  be 
estimated  ;  say  that  it  is  20  lbs.  per  square  inch  of  its  surface ;  then  the  boiler  must 
be  capable  of  supplying  steam  of  20  tits,  pressure  per  square  inch,  in  such  measure  as 
to  enable  the  piston  to  move  at  the  required  sj^ecd. 

Let  us  assume,  for  example,  that  the  required  speed  ia  2000  feet  per  minute^ 
or  12,000  feet  per  hour,  and  that  the  area  of  the  ]>i8ton  is  5  square  feet;  then,  to 
enable  the  pistmi  to  advance  through  12,000  feet,  a  column  of  steam  must  follow  it^ 
12,000  feet  in  length  and  5  square  feet  in  its  section,  which  gives  60,000  cubic  feet 
of  steam.  But  steam  having  the  pressure  of  20  lbs.  per  square  inch  bears  to  the  balk 
of  water  which  produces  it  the  proportic»n  of  1281  to  1  ;  therefore,  if  we  divide 
60,000  by  1281,  we  shall  find  the  number  of  cubic  feet  of  water  which  must  be  sup- 
plied in  the  state  of  steam  by  the  boiler  to  the  cylinder  in  an  hour. 

This  division  gives  47,  very  nearly.  This  Iwiler  therefore,  must  in  this  ease  evapo- 
rate 47  cubic  feet  of  water  per  hour,  or,  according  to  the  conventional  standard  of 
boiler-makers,  be  a  boiler  of  47  horse-power. 

In  general  this  calculation  may  be  made  by  the  aid  of  the  following  Tables, 


TABLE  I.— AREAS  OF  PISTONS. 


JDia. 


Inch 

1 
1 

i 

i 

i 


i 

2 
i 


i 
i 
I 


Aron.    |.  niR. 


InchPH. 
•785 
•994 
1-227 
1-484 
1-707 
2  073 
2-405 
2-7«l 
3141 
3-546 
3-976 
4-430 
4-908 
5-411 
5-939 
6-491 


I  ch. 

I     3 

I     k 
k 

8 
i 

T 

n 

4 

i 
1 

i 

i 
i 
i 

J. 


Area. 

Inchei. 

7-068 

7'6ti9 

8-295 

8-946 

9-621 

10-320 

11-044 

11-793 

12-566 

13-364 

14-186 

15  033 

15-904 

16-800 

17-720 

18-665 


Dia. 


Inch. 
5 
1 

M 


i 


i 

i 
» 

i 

6 

i 


4 
i 
i 

i 


Area. 

Inched. 

19-635 

20-629 

21-647 

22-690 

23-758 

24-850 

25-967 

27-108 

28-274 

29-464 

80-679 

31-919 

33-183 

34-471 

35-784 

37-122 


Dia. 


Inch. 
7 

i 


4 

4 
i 

I 

8 

4 
i 

i 
i 
I 

i 


Area.      Dia.       Area. 


Inches. 
88-484 
39-871 
41-282 
42-718 
44-178 
45*663 
47-178 
48-707 
60-265 
51-848 
53-456 
55-088 
56-745 
68-426 
00-132 
61-862 


Incbe* 
68-617 
65-396 
67-200 
69  029 
70-882 
72-759 
74-662 
76-588 
78-640 
80-615 
82-616 
84-640 
86-690 
88-664 
90-762 
92*885 


TABLE  h—OoiUinued, 


Dia.   Area. 


lDCh«fl. 

95  033 

97  -205 

99*402 

101-62 

103-86 

106-13 

108-43 

130-75 

113-09 

115-46 

117-85 

120-27 

122-71 

125-18 

127-67 

130-19 

132-73 

135-29 

137-88 

140-50 

148-13 

145-80 

148*48 

151-20 

153-93 

156-69 

159-48 

162-29 

165-13 

167-98 

170-87 

173-78 

176-71 

179-67 

182-65 

185-66 

188-69 

191-74 

194-82 

197-93 

201-06 

204-21 

207-39 

210-59 

213-82 

21707 

220-35 

223-65 

226-98 

280-33 

233-70 

287-10 

240-52 

243-97 

247-46 

250-94 

254-46 

258-01 

261-58 

265-18 

268-80 

272-44 

276-11 

279-81 


Area. 


21 


1 


Inchen. 

283-52 

287-27 

291  03 

294-83 

298-64 

302-48 

306  85 

310-24 

314-16 

818-09 

822-06 

326-05 

33006 

834-10 

838-16 

342-25 

346-36 

850-49 

354-65 

358-84 

363-05 

867-28 

371-54 

375-82 

380-13 

384-46 

388-82 

393-20 

397-60 

40203 

406-49 

410-97 

415-47 

420-00 

424-55 

429-13 

433-73 

438-36 

443-01 

447-69 

452-39 

457-11 

461-86 

466-63 

471-48 

476-26 

481-10 

485-97 

490-87 

495-79 

500-74 

505-71 

510-70 

515-72 

620-76 

525  88 

530-98 

536  04 

641  18 

646-35 

661-54 

666-76 

66200 

667-26 


Di&.  I  Area.   Dia.   Area 


Inches. 

572-56 

577-87 

583-20 

588-57 

693-95 

599-37 

604-80 

610-26 

615-75 

621-26 

626-79 

632  35 

637-94 

643*64 

649-18 

654-83 

660-52 

666-22 

671-95 

677-71 

683*49 

689-29 

695-12 

700-98 

706-86 

712-76 

718-69 

724-64 

730-61 

736-61 

742  64 

748-69 

764-76 

760-86 

766-99 

773-14 

779-31 

785-51 

791-78 

797-97 

804-24 

810-54 

816-86 

823-21 

829-57 

835-97 

842-39 

848-83 

856-80 

861-79 

868-30 

874-84 

881-41 

888-00 

894-61 

901-26 

907-92 

914-61 

921  -32 

928  06 

934-82 

941  -60 

948-41 

966-26 


Incboa. 

962-11 

968-99 

975-90 

982-84 

989-80 

996-78 

1003-7 

1010-8 

1017-8 

1024-9 

1032  0 

1039  1 

1046-3 

1053-5 

10607 

1067-9 

1076-2 

1082-4 

1089-7 

1097-1 

1104-4 

1111-8 

1119-2 

1126-6 

1184-1 

1141-5 

1149  0 

1156-6 

1164-1 

1171-7 

1179-3 

1186-9 

1194-5 

1202-2 

1209-9 

1217-6 

1225-4 

12881 

1240-9 

1248-7 

1266-6 

1264-5 

1272-3 

1280-3 

1288-2 

1296  2 

1304-2 

1312-2 

1320-2 

1328-3 

1336-4 

1344-5 

1352-6 

1360-8 

1369-0 

1877-2 

1885-4 

1393-7 

1401-9 

1410-2 

1418-6 

1426-9 

1486-3 

1443-7 


Dia. 


1 


Aita. 


Dia. 


iicbeM. 


452 
460 
469 
477 
486 
494 
503 
511 
520 
529 
537 
546 
565 
564 
572 
581 
590 
599 
608 
617 
625 
634 
643 
652 
661 
670 
680 
689 
698 
707 
716 
725 
734 
744 
753 
762 
772 
781 
790 
800 
809 
818 
828 
837 
847 
866 
866 
876 
886 
895 
905 
914 
924 
934 
943 
963 
963 
973 
983 
993 
2002 
2012 
2022 
2032 


2 
6 
1 
6 
1 
7 
3 
9 
5 
1 
8 
5 
2 
0 
8 
6 
4 
2 
1 
0 
9 
9 
8 
8 
9 
9 
0 
1 
2 
3 
5 
7 
9 
1 
4 
7 
0 
3 
7 
1 
5 
9 
4 
9 
4 
9 
5 
1 
7 
3 
0 
7 
4 
1 
9 
6 
5 
3 
1 


Incites. 


Inches. 


2042 
2052 
2062 
2072 
2083 
2093 
2103 
2113 
2123 
2133 
2144 
2154 
2164 
2175 
2186 
2195 
2206 
2216 
2227 
2237 
2248 
2268 
2269 
2279 
2290 
2300 
2311 
2322 
2332 
2343 
2354 
2365 
2375 
2386 
2397 
2408 
2419 
2430 
2441 
2452 
2463 
2474 
2485 
2496 
2507 
2518 
25-29 
2540 
2551 
2562 
2574 
2685 
2596 
2608 
2619 
2630 
2642 
2653 
2664 
2676 
2687 
2699 
2710 


2722-4 


VOL.  HI. 


I  I 


TABLE  I.- 

Oantifmed. 

Dl..|    Ar«.    j|Di..|    a™..    I'dI. 

.». 

Di> 

Aim.    ! 

Dl..|    An*. 

pri      A» 

Inrlii   l„c1..<.  'Incli.   Incht,.    I°cl> 

Inc*>c-.  ' 

Inehn. 

lDCb.|      AW 

50  isTsa'a,!  06  iam'2i.  T3 

4185-3 

80 

5028 

6 

87 

6944 

9t     61I3B-7 

i  ,  2745-5  i; 

3134-)  1'      J 

4199-7 ; 

J 

5042 

2 

i 

6961 

6958-3 

4    2757-1  : 
i  '  27flR-3  ' 

3447-1  1      i 

4214-1 

6058 

0 

5y78 

8976-7 
'  699S-2 

3460-1 ;   s 

4223-5  , 

5073 

7 

599G 

3473-2 

4-i42-9 

5089 

6 

6013 

1  70H-8 

i  ■  2:a-^'2 

3480-3  1 

4257-3 

5105 

6030 

;  7032-3 

J     -S()3-9 

.  3499-3  1 

4271-3 

5121 

2 

6047 

j705<)-« 

S    2fiir>-6  1 

3512-5 

4286-3 

5137 

1 

6061 

7069-5 

eo  l2.S-27'4 

6     1 3525  8     74 

4300-8 

5Ui3 

0 

S 

6082 

B       7088-2 

i  1  2'3fl-2 

1  3533-3 

431 5 -8 

5168 

60B9 

7106-9 

1     2.S51-0 

■;t552-0   ' 

43-29-9 

15184 

6116 

1  7135-5 

I    2.6:-8 

3565-2 

4344 -3 

5200 

8 

6134 

i  71 44-! 

1  l2Sri-7 

3578-4 

4359  1 

5216 

8 

6161 

716a -0 

t  1,  2«sr.-ii 

:  359]  -7  ■     ( 

4373-8 

52S2 

8 

6163 

,  7181-8 

2»!.S'5 

'  SfioS-O  1      j 

4383-4 

6248 

8 

6188 

7200-5 

291  (I -S 

3618-3  W     i 

4403-1 

5264 

9 

6203 

7219-4 

C 

2:12:! --l 

8    laeai-el,  76 

4417-8 

S 

5281 

0 

8 

6221 

e 

7238-S 

2!»:ll-4 

:  3t'.15-0  1      i 

4432-6 

5-297 

1 

6238 

i 

T257-I 

Sn4'i-4 

'  3.158-4  :i     1 

4447-3 

6:llS 

2 

62-16 

\ 

7275-9 

2BSS-5 

3671-8 

44112-1 

6329 

4 

6273 

7294  9 

3.i7'l'5 

seas -2 

4476-9 

5^145 

a 

6291 

7313-8 

21182'S 

3008-7 

4491-8 

5301 

8 

6308 

7333-8 

2094-7 

3713-2 

4506-6 

6378 

0 

6326 

73517 

3006-11 

3726-7 

4521 -6 

5394 

3 

6344 

7370-7 

e: 

3019-0 
a031-2 
3013-4 
3055-7 
3067 -B 
3080-2 

6 

378S-2 
3753-8 

3780-0 
3:93-8 
3807-3 

76 

4530-4 
4551* 

4566-3 
4531-3 
4536-3 
4611-3 

8 

6110 
5J26 
5443 
5459 
5476 
5492 

6 
9 
2 
6 

4 

SO 

0361 
6379 
6397 
6411 
6432 
6450 

87 

7389-8 
7408-8 
7427-9 
7*47 -0 
7466 -a 
748S-a 

3oaa-E 

3821-0 

4626-4 

6508 

6 

6168 

7504-6 

3101-fl 

33:i4-7 

4641-5 

15625 

3 

6486 

7623-7 

e 

3n7-2 
3129-6 

7 
1 

3848-4 
38C.2-2 

^ 

4056-6 
4671-7 

81 

!5641 
16558 

I 

9 

6503 
0621 

S 

7542-9 

7562-2 

3142-0 

3875-9 

4636-9 

6574 

8 

6539 

7581-6 

31S4-4 

3889-8 

4702-1 

6691 

3 

6557 

7600-8 

3IiIii-9 

3903-li 

4717-3 

6607 

9 

8575 

7620-1 

3173-4 

3917-4 

4732  5 

6624 

5 

6593 

763B-4 

3191 -B 

3981-3 

4747-7 

6041 

1 

6611 

7668-8 

32114-4 

3B4B-2 

4763-0 

5667 

8 

6639 

7878-S 

6 

32H!-9 

7 

3959-2 

7 

4778-3 

8 

fi674 

5 

9 

6647 

9 

7697-7 

3229 -5 

) 

8B7a-l 

4793-7 

5691 

2 

6665 

77171 

3342-1 

i 

3987-1 

4809-0 

5707 

9 

6683 

77S6-8 

3254-8 

1 

40O1-1 

4824-4 

5724 

6701 

7758-1 

32a7-4 

\ 

4015-1 

4839-8 

5741 

4 

6720 

7:7fi-« 

3280-1 

i 

4029-S 

4355-2 

6758 

2 

6738 

7795-3 

3202-8 

1 

4043-2 

4870-7 

5776 

0 

S7E6 

7814-7 

3305-5 

J 

4(187-3 

4880-1 

5791 

6776 

783*-8 

8 

3318-3 

4071-6 

7 

4S01-6 

8 

6803 

8 

9 

6792 

10 

7864-0 

3331-0 

'h 

4085-6 

4917-2 

6826 

7 

6811 

3343-S 

4099-8 

4932-7 

68i2 

0 

6829 

3356-7 

4114-0 

4948-3 

68G9 

5 

6847 

33B9-5 

4128-2 

4963-0 

6876 

S 

6866 

3382-4 

4142-6 

4978-6 

6693 

6 

6894 

3395-3 

41fiS-7 

4995-1 

5910 

6 

6902 

BIOS -2 

__ 

4171-0 

6010-8 

6927-6  ;]     i 

6921-3 

„ 

Cy  Uils  TabU,  Then  tbe  luimber  of  incbes  in  the  diamEter  of  the  piaton  b  kaon, 
the  number  ofiqiUK  inches  in  iti  ares  oui  b«  foand  on  intpoction. 
Qdestioi  I. — Given  the  dismcltr  oS  the  piston  in  iiicliei,  (o  find  ita  uea  in  •qvu* 
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BoLi  I. — ^Flnd  in  Table  I.  the  namber  of  square  inches  in  the  area.  Divide  the 
number  thus  found  by  144.  The  quotient  will  be  the  area  of  the  piston  in  square 
feet. 

BxAXPLB.— To  find  the  area  of  a  piston  in  square  feet  whose  diameter  is  86} 
inehes. 

By  Table  I.  we  find  that  the  area  in  square  inches  is  5910*5.     Diyiding  this  by  144 

we  obtain 

144)5910-5 

41-04 

which  is  the  area  in  square  feet.  - 

QuxsnoH  II. — CKren  the  diameter  of  the  piston  in  inches,  and  its  speed  in  feet  per 

minute,  to  find  the  number  of  cubic  feet  of  steam  per  hour  which  pass  through 

the  cylinder. 

Bulb  2. — By  Bule  1,  find  the  area  of  the  piston  in  square  feet.     Multiply  this  by 

the  speed  of  the  piston  in  feet  per  minute,  and  the  product  will  be  the  number  of 

onbio  feet  of  steam  which  pass  through  the  cylinder  per  minute.     Multiply  this  last 

bj  60,  and  the  product  is  the  number  of  cubic  feet  per  hour. 

BxAMPLB. — A  50-inch  piston  moTOs  at  the  rate  of  180  feet  per  minute.     What 

number  of  cubic  feet  of  steam  per  hour  pass  through  the  cylinder  ? 

By  Bule  1  we  find  the  area  of  the  piston  to  be  17*36  square  feet. 

Multiply  this  by  180  : 

17-36 

180 


8124-80 
60 


187488-00 

which  is  the  number  of  cubic  feet  of  steam  per  hour  which  pass  through  the  cylinder. 
In  the  following  Table  is  given,  in  the  1st  column,  the  total  pressure  of  steam  in 
pounds  per  square  inch  ;  in  the  2nd  column,  the  corresponding  temperature  ;  in  the 
8rd  column,  the  number  of  cubic  inches  of  steam  which  would  be  produced  by  one 
cubic  inch  of  water ;  and  in  the  4th  column,  the  total  mechanical  effect  produced 
by  the  evaporation  of  a  cubic  inch  of  water  under  the  pressure  expressed  in  the  first 
column. 

TABLE  n. 


Total 

Cabie  Inches 

Mechanical 

Total 

Cubic  inch^ 

HecLanical 

PreumB 

Corre- 

of  Steam 

Effect  of  a  cubic 

PreFsnre 

Corre- 

of  St«>am 

Effect  of  a  cubic 

inSw. 

spoDding 

prodnced  by 
a  eobio  inch 

inch  of  Water 

in  &>s. 

sponding 

produced  by 
a  cubic  inch 

inch  of  Water 

p«riq. 

Tempera- 

evaporated  in 

persq. 

Tempera- 

evaporated in 

inch. 

tare. 

ofWater. 

&>•.  raised  1  ft 

inch. 

ture. 

of  Water. 

lbs.  raised  1  It 

1 

102-9 

20868 

1739 

14 

209-1 

1778 

2074 

2 

126-1 

10874 

1812 

15 

212-8 

1669 

2086 

8 

141-0 

7487 

1859 

16 

216-3 

1573 

2097 

4 

152-8 

5685 

1895 

17 

219-6 

1488 

2107 

5 

161-4 

4617 

1924 

18 

222-7 

1411 

2117 

6 

169-2 

8897 

1948 

19 

226-6 

1343 

2126 

7 

175-9 

3876 

1969 

20 

228-5 

1281 

2135 

8 

182-0 

2988 

1989 

21 

231-2 

1225 

2144 

9 

187-4 

2674 

2006 

22 

233-8 

1174 

2152 

10 

192-4 

2426 

2022 

28 

236-3 

1127 

-      2160 

11 

197-0 

2221 

2086 

24 

238-7 

1084 

2168 

12 

201-8 

2050 

2050 

25 

2410 

1044 

2175 

18 

205-8 

1904 

2063 

26 

243-3 

1007 

2182 

Ii2 
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TABLB  U. 

-Co»ti»uid. 

T^t.l 

Cubic  luEho 

KMhunlol 

To"!        Cm™- 

Coble  lDOb« 

dF  Stcua 

or  8(»m 

EITocI  of  •  oiU 

in^tb.. 

T^p«^ 

■  cubiD  Incfa 

ii«hi.CW.»r 

?Ji'S=^ 

'^tT^^ 

inch.' 

till* 

or  WUir. 

ttl'S^l'ft- 

o(W«ef. 

27 

24G-G 

973 

2189 

71      '    807-4 

103 

3385 

S3 

247-8 

941 

2198 

72     ■    308-1 

893 

S38S 

2S 

249'e 

911 

2202 

73    ;    309-3 

393 

S3B1 

SO 

251 'C 

883 

2200 

74    1    310-8 

388 

S3»l 

31 

253-6 

867 

2216 

75     :    311-2 

383 

2397 

82 

255 -S 

833 

2221 

76 

812-2 

379 

2400 

3-^ 

257-3 

810 

212S 

77 

313-1 

874 

S403 

81 

239-1 

783 

2232 

78 

814-0 

370 

2405 

S5 

260-9 

767 

22S8 

79 

814-9 

388 

2408 

33 

282-8 

748 

2243 

80 

815-8 

382 

2411 

37 

384-3 

729 

2248 

81 

3]  8-7 

858 

2414 

38 

286  B 

712 

2253 

82 

317-6 

354 

2117 

39 

207-6 

696 

2259 

83 

81S-4 

360 

3410 

10 

203-1 

67S 

2264 

S4 

819-3 

816 

3428 

*1 

2706 

684 

2268 

86 

320-1 

342 

2125 

12 

272-1 

649 

2273 

86 

321-0 

339 

2127 

iS 

273-e 

635 

2278 

87 

321-8 

835 

2490 

u 

2750 

622 

2282 

88 

322-6 

382 

2432 

45 

276-4 

610 

2287 

323-5 

328 

243S 

48 

377-8 

G99 

2201 

GO 

m-3 

826 

2133 

47 

279-2 

568 

2296 

91 

325-1 

822 

24*0 

4S 

230-B 

675 

2300 

92 

325-9 

319 

2143 

i» 

231-9 

664 

23U4 

03 

326-7 

310 

2445 

60 

2S3-2 

654 

2308 

91 

327-6 

313 

2418 

CI 

284-4 

544 

2312 

95 

328-2 

810 

2150 

E2 

286-7 

531 

2316 

98 

829-0 

807 

246J 

63 

286-9 

625 

2320 

97 

329 '8 

804 

2465 

54 

28S-I 

616 

2324 

98 

330-5 

aoi 

2467 

65 

289-3 

608 

2327 

99 

831-3 

298 

2480 

50 

200-5 

600 

23ai 

100 

332-0 

296 

2488 

fi7 

291-7 

492 

2335 

110 

839-2 

271 

2188 

fiS 

292-9 

ISl 

2339 

120 

345-8 

261 

2507 

SO 

294-2 

477 

2343 

130 

352-1 

233 

2627 

60 

295 -6 

<70 

2347 

110 

357-9 

218 

2646 

61 

206-9 

483 

2351 

160 

363-4 

205 

2561 

02 

298-1 

456 

2355 

160 

368-7 

193 

2577 

299-2 

449 

2359 

170 

373-B 

183 

2693 

C4 

300-3 

443 

2362 

180 

878-4 

174 

2608 

ra 

301-3 

437 

2365 

190 

382-9 

166 

2688 

ee 

302-4 

431 

2309 

200 

387-3 

158 

2636 

fi7 

303-4 

425 

2372 

210 

391-5 

151 

S660 

08 

304-4 

119 

2:i75 

395-5 

.145 

2663 

69 

305-4 

414 

2378 

230 

399-1 

no 

2875 

70 

306 -* 

40S 

2382 

240 

403-1 

134 

2887 

BavlDg  tbcse  Tablet  b?for«  us,  we  ihftll  be  eo&Ued  to  totre,  by  tlie  eommoa 
principles  of  arlthmetin,  a  mnltilnde  of  practical  prcblemi  of  coDiiJerabIs  ntUitj,  tba 
iDTestigittioii  ofvMch  -will  furthir  illuHlrnto  nnd  familiuiM  the  principle*  wbicli  h*T* 
"heea  ilelivereil  In  general  t«rmi  tlruuijhuut  tUis  urtidt'. 

11/  tbe  puner  of  a  boiler,  I  would  baiuudentond  to  meaii,  La  *lia(  folloir^  tiM 
number  of  tabic  feet  of  water  wbicb  tbe  boiler  vonld  enporate  per  honi  ia  recohr 

fi;  the  speed  of  the  piiton,  I  mean  to  eiprets  the  aTetnge  Dumbor  of  feet  par 
minute  through  which  the  piston  is  moved. 
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The  engine  being  underatood  to  be  in  regnlar  and  oni^srm  operation,  the  total 
resistance  of  the  piston  will  be  eqnal  to  the  total  presstire  of  the  steam  npon  it ;  and 
the  resistance  of  the  piston  per  square  inch  of  surface  will  therefore  be  equal  to  the 
pressure  of  the  steam  in  the  cylinder  per  square  inch  of  sur&ce.  These  terms, 
therefore,  may  be  taken  as  synonymous.  In  general,  the  term  presiwe  of  steam  is 
understood  to  mean  pressure  per  square  inch. 

The  8rd  column  in  Table  II.,  which  is  giyen  as  expressing  the  number  of  cubic 
inches  of  steam  of  a  giyen  pressure  produced  by  the  evaporation  of  a  cubic  inch  of 
water,  will  equally  express  the  number  of  cubic  feet  of  steam  produced  by  a  cubic 
foot  of  water,  or,  in  general,  the  ratio  of  the  Tolume  of  steam  to  the  yolume  of  water 
from  which  it  is  produced. 

QnnnoN  III. — Giren  the  power  of  the  boiler,  the  pressure  of  the  steam  in  the 
cylinder,  and  the  speed  of  the  piston,  to  find  the  diameter. 

Bulk  3. — In  the  first  column  of  Table  II.  find  the  giren  pressure ;  the  correspond- 
ing number  in  the  third  column  is  the  ratio  of  the  yolume  of  such  steam  to  the 
▼olume  of  water  which  produced  it.  Multiply  the  power  of  the  boiler  by  such 
number,  and  the  product  will  be  the  number  of  cubic  feet  of  steam  per  hour  which 
pass  through  the  cylinder,  which,  divided  by  60,  gives  the  number  of  cubic  feet  per 
minute  which  pass  through  the  cylinder.  Divide  this  by  the  speed  of  the  piston 
expressed  in  feet  per  minute,  and  the  quotient  will  be  the  area  of  the  piston  expressed 
in  square  feet.  Multiply  this  by  144,  and  the  product  will  be  the  area  of  the  piston 
expressed  in  square  inches.  Find  this  number,  or  the  nearest  to  it^  in  the  second 
column  of  Table  I.,  and  the  corresponding  number  in  the  first  column  will  be  the 
diameter  of  the  piston  in  inches. 

EzAifPLE. — A  boiler  evaporates  55  cubic  feet  of  water  per  hour.  The  pressure  of 
steam  in  the  cylinder  is  20  lbs.  per  square  inch.  What  must  be  the  diameter  of  the 
cylinder,  so  as  to  give  the  piston  a  speed  of  200  feet  per  minute  ? 

By  reference  to  the  first  column  of  Table  II.  we  find,  opposite  the  pressure  of  20  lbs. 

in  the  first  column,  1281  in  the  third  column. 

Multiply  1281  by  55  : 

1281 
55 


Divide  this  by  60  : 


Divide  this  by  200  : 


Multiply  this  by  144: 


70455 

60)70455 
1174-25 

200)1174*25 
5-8712 

5-8712 
144 


845*4528 


In  the  second  column  of  Table  I.  we  find  842*39  opposite  32]  in.  or  32};in.,  and 
848-83  opposite  82 j  or  32J|. 

If,  then,  we  take  a  mean  between  these,  we  may  assume  the  diameter  of  the 
ojlinder  required  to  be  32y  inches. 

QuxsTiOH  lY. — GKven  the  diameter  of  the  piston  in  inches,  the  total  resistance  it 
oppoaes  to  the  moving  power,  and  its  speed,  to  find  the  power  of  the  boiler. 

Bulb  4.— Find  in  the  first  column  of  Table  I.  the  given  diameter.    The  cor- 
reiponding  number  in  the  second  column  will  be  the  area  in  square  inches.    Divide 
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the  total  resistance  of  the  piiton  by  thia  number,  and  the  quoiieiit  will  be  Oe 
resistauce  per  square  inch,  or  the  pressure  of  the  steam.  Rnd  this  preflnize  in  the 
first  column  of  Table  11^  and  the  corresponding  number  in  the  third  eolmnii  will  bt 
the  ratio  of  the  volume  of  steam  to  the  volume  of  water  which  prodneee  it.  The 
volume  of  steam  will  be  fimiid  by  Rule  2.  Let  thia  column  be  diTided  by  the 
numlicr  obtained  as  above  from  Table  II.,  and  the  quotient  will  be  the  power  of  the 

boiler. 

Example. — It  is  required  to  find  how  many  cubic  feet  of  water  per  hour  the  boHcr 
must  evaporate  to  drive  a  piston  of  34  inches  diameter,  at  the  rate  of  200  feet  p« 
minute,  against  a  gross  resistance  of  18,000  lbs. 

OpiK)8ite  34  in  the  first  column  of  Table  I.  wo  find  in  the  seoond  oolamn  907"  92. 

Divide  18,000  by  907-92: 

907*92)18000 

1?8 

Looking  in  the  first  column  of  Table  II.,  the  nearest  number  to  19*8  is  20,  oppoeite 
to  which,  in  the  third  column,  we  find  1281. 
By  Rule  1,  wo  find  the  area  of  the  piston  to  be  in  square  feet 

144)907-92 

6-305 
By  Rule  2,  multiply  this  by  200  : 

6-305 


200 


1261 


Multiply  this  by  60  : 


Divide  this  by  1281 


1261 
60 

75660 

1281)76660 
59  06 


The  boiler  must  therefore  evaporate  59  cubic  feet  of  water  per  hour. 
Question  V. — Given  the  power  of  tho  l>oiler,  the  diameter  of  the  piston  and  ite 
si)ced,  to  find  the  pressure  of  steam  upon  the  piston,  or,  what  is  the  same^  its 
resistance  per  square  inch. 

Rule  5. — By  Rules  1  and  2,  find  the  number  of  cubic  feet  of  steam  per  hour 
which  pass  through  tho  cylinder.  Divide  this  by  the  power  of  the  boiler,  and  the 
quotient  will  be  the  number  of  cubic  inches  of  steam  which  would  be  produced  by  a 
cubic  inch  of  water.  Find  this  number,  or  the  nearest  to  it,  in  the  third  oolamn  of 
Table  II.,  and  the  corresponding  number  in  the  first  column  will  be  the  preasnre 
of  steam  in  the  cylinder,  or  the  resistance  of  the  piston  per  square  inch. 

Example. — What  total  resistance  per  square  inch  will  a  85-inoh  piston,  snpplied  hj 
a  boiler  evai>orating  55  cubic  feet  an  hour,  drive  at  the  rate  of  200  feet  per  minute  f 

In  Rules  1  and  2,  we  find  the  number  of  cubic  feet  which  pass  through  the  cylinder 
as  follows  :  the  diameter  of  the  piston  being  85  inches,  we  find  by  Table  L  that  iti 
area  is  962*11  square  inches  ;  and  by  Rule  1,  that  thia  is  equal  to  6*68  square  feci. 
Multiplying  this  by  200,  by  Rule  2,  it  gives  the  product  1886,  which,  multiplied  bj 
60,  ^ves  80,160  as  the  number  of  cubic  feet  of  steam  which  pass  throogh  the 
cylinder  per  hour.    Divide  this  by  55,  and  we  find  the  quotient  1457.      Looking  la 
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the  tliiid  MlnniD  of  Tnble  II.,  we  End  lb«  nombeT  I4SS  oppodto  17,  acd  1411 
appoaito  IS.  T&king  k  meui  bel^'wo  which,  we  uttij  UBnme  the  leqoired  prensoie 
to  be  17i  lbs.  per  iquare  ineh. 

QtrcsTiDi  TI . — Oinu  the  power  of  the  boiler,  the  preanue  of  dwm  in  the  erlinder, 
and  the  dumeler  of  the  piaton,  .to  find  its  speed. 
Eou  6. — In  the  firel  coliinui  of  Tnble  II.  find  the  giTen  reairtance  or  preunre  : 
the  auretpoading  number  iu  the  third  ootnmo,  mnltiplied  by  the  power  of  the 
boiler,  will  giie  the  nmnber  of  enbio  feet  of  Bteam  per  hour  which  pass  through 
the  cjlinder.  Divide  this  b;  the  rfm  of  (he  piiton  in  sqaare  feet,  found  bf  Sale  1, 
knd  the  qnotient  will  be  the  speed  of  the  piston  in  feet  per  hour,  which,  divided  by 
60,  will  bethespeed  of  the  piston. 

ExAMFUL — With  whst  speed  will  a  SS-ineh  piston  be  drivea  against  a,  resistance  of 
20  Its.  per  square  inch  b  j  a  boiler  which  eTaporatea  56  cubic  feet  of  water  per  hour  I 
Opposite  to  20  in  the  firat  colnmn  of  Table  II.  we  find,  in  the  third  colnnin,  1281. 
HnltipljthiabTfiO; 

1281 
68 
71738 
By  Bnle  1,  we  find  that  the  area  of  the  pi«(on  in  square  feet  is  8'OS. 
DiTide717SSby6-B8: 

B  ■88)71730 

10739 
Divide  this  by  SO,  and  the  quottect,  170,  rery  nearly,  will  be  the  speed  of  the 

8ICTI0N   SXTIJ. — ILLDHTBiTlOSS. 

The  following  diagmns  and  descriptions  of  tho  principal  partB  of  steam  engines, 

which  have  been  explained  in  general  tenns  in  the  preceding  Hection^  will  render  the 

prindples  which  goTom  the  operadon  and  structure  of  these  machiDes  stiU  more 

clearly  and  ea^ly  nndeistaod. 


Baromeltr  Oiiiee. 


Cu 


siphon  Do. 


.  gauge  is  constructed  in  various 
In  the  anneied  figure  the  cialern  i 
conlaiuB  mercury;  the  t«cunieter  tube  is 
immersed  in  it,  snd  the  tnp  of  the  tube, 
formed  into  a  giphon,  commnDicales  with 
the  condenser ;  a  stop-cock  t  being  placed 
between  them  so  as  to  open  or  close  the 
eoininuiucation  at  pleasoie. 

BirBOH    BABOHETEB  QADOK. 

The  second  fignre  is  another  form,  in  which 
(he  barometer  is  a  siphon,  like  the  steam 
gauge.  The  tube  and  stop-cock  i  cddudd- 
nicato  with  the  condenser,  and  the  other  leg 
of  the  uphoD  is  open  to  the  atmosphere. 
A  hole,  stopped  by  a  screw  q,  is  placed  in 
one  of  the  legs :  mercury  being  poured  in 
at  the  other  leg,  the  uphon  is  GUed  until 
the  mercory  begins  to  flow  from  (he  hole  it. 
The  doid  then  will  stud  at  the  same  level  in  both  legs.     The  hole  q  being  then 


'& 
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stopped,  nnd  the  slop-aoek  r  opeaed,  tbe  npper  put  p  i)  of  tbe  tub*  will  bs  filled 
vith  the  nacondcnsed  Taponr  of  tbe  oondeoser,  vhioh  Till  of  eonne  preaa  apoa  tba 
column  of  mercur;  in  the  sjphoD. 

Ths  other  Ug  of  the  riphon  z*,  being  open  to  the  *(inoaphen^  will  b*  ntg'eet  (o 
the  atmospheric  pressure  ;  &nd  the  eolamn  of  meiGnry  in  the  1%  ri^  vhieb  ii  abore 
the  level  ^,  will  represent  the  eii!eu  of  ths  pressure  of  the  fttmospbera  abore  tba 
pnssure  of  the  ancondensed  stesni,  irbich  ii  the  indisation  the  buameter  gxigB  i» 
required  to  giTe. 

This  siphon  being  made  of  iron,  a  float  is  placed  on  the  mercai7  at  a',  faftring  a  rod, 
at  tbe  top  of  wMcb  is  an  index,  which  pUfs  upon  k  icale  ao 
gntdoated  ss  to  express  the  ilifietenoe  of  lerel  of  the  iiiemu7  in 
the  tiro  legs  of  the  siphon. 

In  the  annexed  figure  is  represeoted  the  glass  water  gauge 
described  in  the  leiL  I(a  commnnicatJonB  vith  the  boiler  ara 
opened  and  closed  at  pleasure  by  the  coclu  r.  When  tho  oocka 
r  are  hath  open,  the  niipec  end  of  the  tube  a  is  in  free  comniD- 
nication  vith  the  npper  part  of  tbe  boiler  where  steam  is  son- 
taioed,  and  Uio  lover  end  of  the  tabe  a  is  in  eommonieation 
with  the  tower  part  of  the  boiler  where  water  ii  eootaioed. 

Wntcr  enters  below  and  stenm  above,  and  as  the  prcnare  in 
the  gunge  tube  is  the  ^ame  as  the  pressure  in  the  boiler,  the 
level  of  the  water  in  the  tube  will  be  the  Bams  as  the  lenl  of. 
the  water  in  the  boiler.  At  the  bottom  of  the  tnbe  is  placed 
a  stop-cock  I,  for  the  occsuonal  discharge  of  water  from  the 
tube. 

TBI  SFBIHQ  SAFKTT-VALTl   FOB   BIQH-PBraSUBI   BOILIBS. 

In  the  following  figure  is  represented  the  safst;  valre,  as  naed  in  high-pnoure 
engines.  The  conic&I  ratve  is  represented  in  its  seat,  its  spindle  >  bdng  prassed  down 
tt  1  hj  the  lever  b  i  c     o  is  a  fixed  pivot^  on  which  the  ievcr  plaja.     The  jmrniait 


on  the  spindle  of  the  valve  at  i.  Is  prodnoed  ty  a  nst  at  i^ 
which  pressea  that  end  of  tbe  lover  downwards,  Thia  not 
worli*  npDn  a  screw,  which  screw  It  attached  to  a  ipring 
balance  L,  tbe  lover  end  of  vhich  is  Grml;  attached  to  a  fixed 
point  p.  The  nut  at  B  may  he  turned  ao  u  to  snbmit  Qit 
valve  to  an}  pressure  within  the  limit  of  the  action  of  the  spiii^ 
balance.  As  the  nut  is  turned,  the  spring  beocmea  more  and 
impressed.  An  index  and  scale  are  attached  to  the  balance,  the  scale  being  ao 
divided  as  to  express  the  number  of  ponnds  per  square  inoh  bj  which  the  valva  it 
pressed  upon  its  scat.     That,   if  the  nut  B  be  tnmed  nnUl  the  index  shows  the  pita- 
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•nreof  SOSio.,  then  the  force  on  tli«  valve  will  be  at  the  nt«  of  Softs,  per  sqiuM 
inch,  and  the  steun  will  be  oonSncd  in  the  boiler  natil  it  has  attained  inch  pressan  : 
vbui  the  prenare  eiceeda  that  limit,  the  leTsr  at  s  will,  b;  the  action  of  the  eteam 
on  the  Talre,  pnaa  the  nnt  npvarda  with  a  fbroe  greater  than  the  eaerg;  of  the 
■pring,  and  the  apring  will  conEeqnentI]'  be  fortlier  comprened,  the  nlve  at  the 
Mune  time  opening  and  allowing  the  eioape  of  the  eteam. 

There  ii  nothing  in  the  principle  of  thia  valre  eeeentiall?  different  from  the  oomman 
■tfWy  TalTC,  direetl;  loaded  with  a  weight ;  bnt  in  boilere  where  high  presenree  are 
usd,  the  qnanti^  of  weight  which  it  would  be  neceesar;  to  place  on  the  Talre  would 
be  ineonrenient.  A  comparatiTelj  email  foroe,  holding  a  downward!,  will  prodnoe  a 
mnttjpliad  effect  at  a,  in  the  proportion  of  the  length  of  the  lever  BO  to  1  o.  Thn^ 
if  BO  be  20  timea  A(^  a  force  of  Gibs,  at  b  will  prodneelOOIhs.  at  a. 


This  little  inatmment,  already  deecribed  in  the  t«il,  will  be  rendered 
Dgible  bj  the  annexed  diagram  ;  fig.  1  repre- 
■entiug  a  front  view  in  section,  and  fig.  2  a  ude 
elevation.  The  rod  attached  to  tbe  plBton  plays 
thnngh  a  oollar  at  a.  At  f  is  a  pencil -holder. 
At  t  is  a  screw  by  which  the  instrament  is 
inairted  in  a  hole  provided  for  it  in  the  top  of 
the  blinder.  At  d  is  a  stop-eoch,  bj  which 
ft  commanieation  may  be  opened  or  ahnt  at 
tileasare  between  tbe  indicator  and  the  cylinder. 
Tbe  pieton-rod  of  the  indicalcr  ia  snrroanded  by 
a  spiral  spring,  the  lower  extremity  of  which  is 
attaehed  to  the  [Mton  and  (he  upper  extremity  to 
«  fixed  pieoe  o,  ountaining  the  hole  tliroagh  which 
tha  [uttOQ-rod  playa  Wben  the  pieton  rises, 
tbe  spring  is  compressed ;  and  when  it  Mis,  tbe 
qiring  ia  extended.  The  spring  is  in  tguilibrio 
wbeo  the  piston  is  at  the  middle  of  the  cylinder, 
and  the  apace  through  which  it  rises  and  bile 
II,  fhun  tbe  known  properties  of  this  species  of 
•print  proportional  to  the  force  which  presses 
tbe  piston  npwards  or  downwards.     When  both  ^'  **  "«•  * 

axtremitica  of  the  cylinder  are  open  to  the  atmosphere,  the  spring  is  at  rea^  and 
tba  pistOD  b  the  middle  of  the  cylinder ;  but  wben  steam  Is  allowed  to  pass  from  tbe 
blinder  to  the  Indicator,  by  opening  tbe  stop-eoch  d,  snob  steam  will  press  the  piston 
mpwirda,  and  oempiwa  the  spring  with  a  force  equal  to  the  excess  of  the  preaanre  of 
tbe  steam  above  that  of  the  atmosphere.  When,  on  the  other  band,  a  vacuum  ia 
jmdnced  in  the  cyliader  b;  the  condensaUoa  of  tbe  steam,  the  same  vacuom  will  be 
prodnoed  under  the  piston  in  the  indicator,  and  the  piston  will  be  forced  downwards 
bf  tbt  exe«as  of  the  pressura  of  the  atmosphere  above  that  of  the  uncondensed 
nponr  in  the  cylinder. 

If  an  index  were  phtoed  near  the  extremiij  of  tbe  piston-rod  1,  the  pencil,  asoend- 
fng  and  deacending  on  ihia  index,  would  indicate  by  the  space  throagh  which  it 
voDid  ascend  the  excess  of  tbe  pressura  of  the  steam  over  that  of  tbe  atmosphere, 
and  by  the  spaoe  through  which  it  would  descend  the  exce&a  of  the  pressure  of  the 
fttanosphete  over  that  of  the  nneondeneed  vapour.  Both  spaces  added  together,  or 
the  entire  pli^  of  the  piston,  would  tberefon  ^indicate  tbe  excess  of  the  pteesnre  of 
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the  steam  nbore  the  presaure  of  ths  uucondeDied  tapoar  wluck  recitU  it,  and  wonld 
therefore  iDdicate  the  effective  force  of  the  piston,  exdoBire  of  ftictioo. 

Bnt  aa  tlie  piston  of  the  indicator  vould  be  in  npid  and  continned  moUon,  it 
vould  not  be  eaaj  to  obseire  and  record  Uie  liinits  of  iU  plaj,  and  BtQl  mors  diffienlt 
to  note  the  mpidit;  of  its  motion.  An  ingenions  cxpedieot  va>  therefore  contrited 
to  enable  the  engine  itself  to  record  tliese  eSeclB,  which  cooTerted  the  indicator  into  ■ 
idf  regial^riag  iiiatrument.  A  Bmall  square  frame  1  B  tob  eonstnided,  the  bre«dlll 
of  vhich  woa  somewhat  greater  than  the  extreme  pla;  of  the  piston  of  tlie  indieatar. 
In  it  van  placed  a  card,  capnble  uf  sliding  in  a  horizontal  direction  in  groorei :  ■ 
string  e  was  fiistciied  to  the  ude  of  the  card,  and  poaiing  nnder  a  pnll^,  wu  carried 
upwards  towards  b,  and  attached  to  some  part  of  the  machinery  which  rises  and 
&lla  with  the  piston  of  the  engine.  Another  string  /  was  attached  to  the  other  side 
of  tbo  cord,  and  carried  over  a  puUe;  and  Sied  to  a  small  weight  w.  When  the 
inston  rises,  the  string  e  is  drawn  to  the  left,  the  card  drawn  in  the  same  direction, 
and  the  weight  w  rises.  When  the  piston  falli,  the  wdght  w,  acting  on  tlte  rtring  /, 
draws  the  card  to  the  right. 

Thus,  as  the  piston  rises  and  lalls,  the  cord  is  drawn  altematelj  thnnigli  a  oattaia 
■pftoe  left  nd  right. 

Let  na  now  aupposo  steam  admitted  aboTe  the  piston  of  the  engine,  preidiig  the 
piston  down  j  this  steam  presses  the  piston  of  the  i-idicator  np,  and  the  peoeil  t,  paas- 
ing  on  the  card,  would,  if  the  card  were  at  rest,  mark  npon  it  a  straight  line,  the 
length  of  which  would  indicate  the  pressure  of  the  steam  ;  bnt  as  the  card  ii  dnwn 
from  left  lo  right  while  the  piston  folia,  the  piston  Till  deecribe  upon  it  k  emrs  bj 
Qie  combined  effects  of  the  Terticid  motion  of  the  pencil  and  tbe  horixontal  motioii 
of  the  cord.  The  suddenness  of  the  cnmitnre  thus  described  will  indicate  the 
rapiditj  of  the  action  of  the  steam  on  the  piston. 

When  the  piston  has  reached  the  bottom  of  the  cylinder,  and  the  upper  exhjuiating 
Talve  is  opened,  a  Toconm  ia  produced  in  the  cjlinder,  which  vacnum  extendi  to  the 
indicator,  the  piston  of  which  therefore  deacends,  the  pencil  t  descending  at  the  same 
time  and  at  the  same  rate.  While  this  takes  place  the  card  ia  moTtd  from  right  to 
left,  and  a  correspondtng  curve  described  upon  it  bf  the  peninl,  the  oniratuje  of 
which  will  indicate  the  suddeoDess  with  which  the  Toennm  is  produoed,  as  well  as  ita 
degree  of  perfection. 

From  whut  has  been  stated  it  will  appear,  that  in  a  mngle  ascent  and  descent  of 
tho  piston,  or  in  one  stroke,  as  it  is  («chiiieallj  called,  a  diagram  will  be  formed  upon 
the  card,  whiek  wfH 
e^ibit  not  only  tho 
entire  mechanical  efieet 
of  the  steam  adong  on 
one  aide  against  the 
nncondensed  Tqionr  on 
the  other,  batwiUiliew 
the  entire  character  of 
its  progressive  aotion 
■t  ererj  point  of  th« 
stroke.  8aeh  a  diagram 
is  exhibited  in  the  an- 
nexed figure.  Let  01  be  a  horizontal  line.  Let  ot  be  the  vertical  scale  which 
mcosurea  the  pressure  of  tho  steam  according  to  the  movement  of  the  indiCBtor. 
Let  0  be  the  level  to  which  the  pencil  would  be  depressed,  if  there  were  k 
perfect  vacuiun  in  the  cylinder ;  then  the  height  of  the  pemdl  at  u;  moment  aborv 
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the  level  of  the  horizental  line  o  x  will  indicate  the  absolute  pressure  of  the  steam  in 
the  cylinder,  independently  of  any  consideration  of  the  pressure  of  the  atmosphere. 
Let  ▲  be  the  position  of  the  pencil  at  the  moment  steam  is  admitted  aboye  the  piston. 
By  the  action  of  the  steam  the  pencil  will  suddenly  start  up  to  b,  and  after  the  piston 
has  commenced  its  action,  it  will  rise  a  little  higher,  the  card  meanwhile  being  drawn 
to  the  left.  The  line  will  be  traced  on  the  card  by  these  means,  as  represented  at 
Bmmf  and  m".  As  the  piston  approaches  the  bottom  of  the  cylinder,  if  the  steam  be 
cut  o£f  before  the  completion  of  the  stroke,  the  pressure  will  diminish,  and  from  o  to  B 
the  pencil  will  £^11.  Let  b  be  its  position  at  the  end  of  the  stroke,  the  card  being 
understood  to  be  moved  from  right  to  left  through  the  space  p  q  during  the  stroke. 
We  may  consider  this  motion  of  the  card  as  representing  the  motion  of  the  piston, 
with  which  it  is  simultaneous  and  proportionate.  At  the  commencement  of  the  stroke, 
the  height  ▲  p  of  the  pencil  above  o  x  represents  the  pressure  of  the  uncondensed 
vapour  which  was  then  above  the  piston  ;  the  height  b  p  represents  the  pressure  of  the 
steam  immediately  on  its  admission ;  the  height  mp  represents  its  nearly  uniform 
pressure  throughout  the  former  half  of  the  stroke ;  and  the  decreasing  height  of  the 
curve  from  o  to  b,  above  the  line  o  x,  represents  the  decreasing  pressure  of  the  steam 
throughout  the  remainder  of  the  stroke,  b  q  represents  the  pressure  of  the*  steam  at 
the  termination  of  the  stroke. 

The  piston  now  commences  its  ascent.  The  upper  exhausting  valve  being  opened, 
and  the  steam  allowed  to  flow  to  the  condenser,  according  as  it  is  condensed  a 
vacuum  is  formed  while  the  piston  is  rising,  and  while  the  card  is  moved  back  from 
left  to  right  under  the  pencil.  Starting  from  b,  the  pencil  begins  to  ficdl,  and  falls 
more  and  more  as  the  vacuum  becomes  more  perfect.  At  o  the  vacuum  attains  its 
most  perfect  state,  and  the  line  from  a  towards  a  continues  nearly  horizontal,  its 
height  above  o  x  representing  the  nearly  uniform  pressure  of  the  uncondensed 
steam ;  but  just  before  the  termination  of  the  stroke  the  steam  is  admitted  from 
the  boiler,  and  the  pencil  rises  to  a.  The  height  of  the  curve  b  o  ▲  at  every  point 
represents  the  varying  pressure  of  the  uncondensed  vapour  which  resists  the  ascent  of 
the  piston. 

Now  although  that  portion  of  the  curve  below  the  line  ▲  b  represents  the  state  of 
the  vacuum  above  the  piston  during  its  ascent,  it  may  be  taken  to  represent  the  state 
of  the  vacuum  below  the  piston  in  its  descent,  for  the  same  circumstances  which 
affect  one  equally  affect  the  other ;  and  we  may  consider  the  diagram  generally  as 
representing  not  only  the  pressure  of  the  steam  which  urges  the  piston  downwards, 
but  also  that  of  the  uncondensed  vapour  which  resists  its  descent. 

It  appears  then  that  the  varying  heights  of  the  points  of  the  upper  curve 
bob  represent  the  varymg  pressures  on  the  piston  during  its  descent ;  and  the 
average  pressure  upon  the  piston  may  be  obtained  by  taking  the  average  of  these 
heights. 

In  like  manner,  the  heights  of  the  lower  curve  ▲  a  b  may  be  taken  to  represent 
the  varying  pressures  or  resistances  of  the  uncondensed  vapour  under  the  piston 
daring  its  descent ;  and  the  average  of  all  these  heights  will  give  the  average  of  such 
resistances.  If  then  we  subtract  the  average  of  these  resistances,  represented  by  the 
lower  curve,  from  the  average  of  the  pressures  represented  by  the  upper  curve,  we 
shall  obtain  the  effective  pressure  of  the  steam  in  urging  the  piston. 

However  accurately  such  an  instrument  as  this  may  be  constructed,  it  must  be 
admitted  that  it  cannot  be  depended  on  as  affording  any  exact  measure  of  the  power 
of  the  piston.  Its  chief  value,  as  stated  in  the  text,  is  the  indication  it  affords  of  the 
degree  of  perfection  of  the  vacuum  and  of  the  suddenness  of  its  formation.  The  curve 
B  Q  should  fall  to  its  least  height  speedily.     It  is  not  until  it  attains  its  least  height 
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tliat  the  Taennm  bos  attained  iU  greatest  perr«cUon.    For  the  net,  the  t 
iutmnieiit  is  anfficJcntlj'  explained  in  the  teit. 


In  tlic  annexed  figures  nre  represented  tormt  of  elide  valves. 
Fie.i.  Fif.1. 


Fig.  1  represenla  in  section  the  cylinder,  piston,  uid.  stids  :  ■ 
U  the  month  of  the  steun  pipe,  coming  from  the  boiler  ;  c  it  the 
pipe  leading  to  the  condenser ;  t  is  the  rod  which  is  sttwbed 
to  tbe  slide,  moring  throngh  a  stnffiog-hox  m  n.  This  dids  i 
In  loDgitudinsI  section,  ceporatelf,  in  fig.  S,  aid  in  tmmerM  seotion  in  tg.  A, 
In  the  position  of  the  slide  represented  in  fig.  I,  the  steun  pMSing  tnm  th* 
holier  enter*  at  s,  and  passes  to  the  bottom  dF  the  (ylinder  (hnragh  the  opsoing  \ 
and  ads  below  the  piston,  cansing  it  to  auend.  The  steam  whidi  wh  »b««  tha 
piston  escapes  throngh  the  opening  at  a,  and  descending  through  a  longitndiiwl  open- 
ing in  the  slide  behind  the  mouth  of  the  steam  pipe,  finds  its  waj  to  tha  pipe  <^  ind 
throngh  that  to  the  condenser. 

When  the  piston  has  reached  the  top  of  the  cylinder,  the  slide  irill  h>Te  been 
mond  to  the  position  represented  in  fig,  2.  The  steam  nor  entering  at  ■  pMMm 
through  the  opening  a  into  the  cylinder  shore  the  pistoa,  while  the  tieun  wUeh  «m 
below  it  escapes  through  the  opening  (  and  the  pipe  e  to  the  eondeneer. 

The  form  of  t)ie  lalie,  from  nhich  it  deriTcs  its  name  of  DTalre,  is  reprtamted  in 
fig.  t.  The  longitudinal  opening  through  which  the  steam  descends  then  appean  la 
section  of  a  scmicircalar  form.  The  paching  at  the  lack  of  the  slide  is  reprSMotod 
at  l;  this  ia  pressed  against  tlic  suifuco  of  IheTnlTe  box. 
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SBOTION  I. — RSLATION   BETWEEN   THE   WEIGHT  OT   FUEL  AKD   THE    HEAT 

WHIOH  IT  QEXBRATES. 

The  problem  of  measnrlng  the  heat  evolved  ia  the  combination  of  bodies  is  one  of 
essential  importance  in  connection  with  many  of  the  arts  of  life,  and  has  accordingly 
received  the  attention  of  distiDgnished  scientiiio  men.  Ck)ant  Bnmford,  Crawford, 
Watt,  Black,  Lavoisier,  Dalton,  M.  Despretz,  M.  Dulong,  M.  Hess,  M.  Arago,  Beraelius, 
Dr.  Ure,  are  amongst  the  names  of  those  who  have  devoted  themselves  to  the  inquiry. 
The  results  of  the  earlier  experiments  must  be  regarded  as  approximations  towards 
the  more  precise  data  which  have  been  within  the  last  few  years  obtained ;  and  the 
conclusions  derived  by  the  first  labourers  in  this  branch  of  science  have  consequently 
undergone  considerable  modification. 

The  experiments  of  M.  Dulong,  and  of  others  subsequently,  especially  those  of 
M.  Hess,  and  of  Dr.  Andrews  of  Belfast,  appear  to  have  been  conducted  with  the 
greatest  accuracy,  and  with  those  precautions,  as  regards  the  arrangement  of  the  appa- 
ratus, the  mode  of  manipulation,  and  the  reduction  of  the  observations,  which  are 
indispensable  to  insure  correct  and  consistent  results. 

These  experiments  may  be  considered  as  establishing  the  following  general  oon- 
elusions,  t 

The  quantity  cf  heat  disengaged  hy  different  substances  is  very  different. 

Hydrogen,  for  instance,  produces  about  four  times  the  heat  derived  from  an  equal 
weight  of  carbon,  and  fourteen  times  the  heat  from  an  equal  weight  of  sulphur,  in 
the  act  of  combining  with  oxygen.  The  observations  of  the  earlier  inquirers,  including 
some  by  Despretz,  indicated  a  constant  relation  between  the  weight  of  oxygen  which 
entered  into  combination  with  the  burning  fuel  and  the  heat  that  was  evolved  ;  in 
other  words,  that  a  pound  of  oxygen  would  generate  in  each  case  the  same  quantity 
of  heat,  whether  in  combining  with  hydrogen,  carbon,  alcohol,  ether,  or  other  com- 
bustibles. This  conclusion,  which  would  not  be  inconsistent  with  the  law  expressed, 
Inasmuch  as  the  combining  proportions  of  oxygen  and  combustible  bodies  differ 
greatly  for  different  bodies,  is,  howevw,  not  supported  by  Uter  experiments. 

The  quantities  of  heat  evolved  are  (nearly)  the  same  for  the  same  su^ance,  no 
matter  at  what  temperature  it  burns. 

From  this  law  it  follows,  that  the  rate  at  which  combustion  may  proceed  does  not 
affect  the  quantity  of  heat  produced  by  a  given  weight  of  fuel.  The  rate  of  combus- 
tion is  proportional  to  the  temperature  excited  and  to  the  supply  of  oxygen  delivered. 

A  pound  of  carbon  generates  precisely  the  same  quantity  of  heat,  whether  it  is  burnt 
with  rapidity  in  an  intensely  heated  fumance,  under  the  influence  of  a  powerful  blasts 
or  whether  it  is  consumed  slowly  in  an  Amott's  stove,  wherein  the  supply  of  oxygen 
is  purposely  limited,  in  order  to  moderate  the  intensity  of  the  heat,  and  prolong  the 
duration  of  the  effect. 

Some  engineers  have  believed  that  the  greatest  economy  in  fuel  is  obtained  in 
cases  of  very  slow  combustion,  and  this  mode  of  applying  heat  has  been  adopted  with 
apparent  advantage  in  the  so-called  "  Cornish  boilers ; "  but  if  the  fact  be  so,  for  which 
reasonable  doubt  exists,  the  cause  is  owing  partly  to  the  retention  of  the  heat  for  a 


*  Extracted  from  "Observations  on  tho  Consumption  of  Fuel  and  the  Evaporation  of  Water 
in  Locomotive  and  other  Steam  Engines."    By  Edward  Woods,  Esq.,  G.E. 
t  See  '*  FhiL  Mag. ,"  July,  1841 :  ' '  Summary  of  Discoveries  on  the  Ueating  Powers  of  Bodies.** 
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longer  time  in  the  spaces  around  the  boiler,  and  thereby  increasing  the  ratio  of  the 
heat  absorbed  by  the  boiler  to  the  heat  which  escapes  up  the  chimney  ;  and  partly, 
perhaps,  also,  with  certain  descriptions  of  coal,  to  their  inability  to  withstand  aa 
intense  heat  very  suddenly  applied,  without  undergoing  a  change  of  form  which  ii 
unfavourable  to  a  complete  combustion. 

The  quantities  of  heat  evolTed  by  carbon  and  hydrogen,  as  ascertained  by  Dr.  An- 
drews,* whose  resulto  accord  very  closely  with  those  of  M.  Dulong,  are  aa  follows  : 

1  gramme  carbon  eyolyes    7900  (French)  units  of  heat. 
1  do.  hydrogen  „      83808  ditto. 

The  unit  they  adopt  is  the  amount  of  heat  required  to  raise,  through  one  degree 
centigrade,  one  gramme  of  water  at  the  temperature  at  which  the  experiment  is  per- 
formed, t 

Reducing  the  results  to  English  weights  and  measures,  and  taking  the  unit  as  the 
amount  of  heat  required  to  raise  through  one  degree  Fahrenheit  one  ayoirdupois  pound 
of  water  at  the  temperature  of  the  experiments,  we  find  that  in  comlnning  with  oxygen 

1  pound  of  carbon    evoWes  14220  (English)  units  of  heat. 
1  do.       of  hydrogen     ,,       60854  ditto. 

These  amounts  of  heat,  applied  to  the  eyaporation  of  water  already  raised  to  the 
temperature  of  212°  Fahrenheit,  assuming  that  the  latent  heat  of  steam  of  the  same 
temperature  is  972**,  would  produce  the  following  efifects  : 

1  pound  of  carbon  will  eyaporate  14 '6  pounds  water  from  212"  Fahr. 
1  do.       of  hydrogen         „  62*6  do.$ 

These  numbers  may  be  therefore  taken  to  express  the  highest  §  doty  which  the 
aboye- named  elementary  substances,  in  their  purest  state,  can  possibly  aeeomplish, 
supposing  the  entire  heat  disengaged  to  be  communicated  to  the  water,  and  none  lost 
by  external  radiation  and  conduction. 

The  duty  expressed  by  the  above  numbers  we  shall  term  the  "  theoretical**  duty  of 
the  fuel  in  eyolying  heat,  not  using  the  word  to  denote  an  effect  not  yet  ascertained  in 
fact,  but  by  way  of  contrast  to  the  effectiye  working  duty  of  fuel  as  used  in  common 
practice. 


*  *•  PhiL  Mag."  Aug.  Sept.  1844. 

t  Table  of  Remits  of  J>r.  Andrews'  ExperimtnU  vn  other  Subitanca.     C*  Phii.  Mag.^  Aug, 

Sept.  1844. 


1  gramme  carbonic  oxide         ....       ovolves    2481  imits  of  heat. 

1       do.      marsh  gas „        13108  do. 

1       do.      defiant  gas „        1194*2  do. 

1       do.      alcohoUsp.gr.  07959)  at  59*  Fahrenheit     „         6850  do. 

1       do.      sulphur  „         2307  do. 

1       do.      phosphorus „         5747  do. 

1       do.      zinc „         1301  do. 

1  gramme  (French)  =  •00220606  lbs.  avoirdupois. 
100  degrees  centigrade  =  180  degrees  Fahrenheit. 


t  14220  units  -s-  972*  =  14C 
60854    do.    -r-  972'  =  62  6. 

i  The  second  meastire  of  heat,  hero  adopted,  Is  a  common  and  convenient  one ;  but  it  nugf 
be  necessary  to  explain  that  it  supposes  the  heat  imiMvrtod  to  the  water  to  be  directly  and 
entirely  cairied  off  in  the  steam  and  lost,  and  by  no  means  involves  the  proposition,  that  under 
certain  other  circumstances, — as  for  instance  when  the  heat  of  steam  evaporated  hi  one  stage 
of  the  process  is  applied  to  the  evaporation  of  water  in  a  subsequent  stage,— tiio  duty  of  ftial 
cannot  be  increased  beyond  the  numbers  hero  given. 
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It  is  almost  superflnons  to  state,  that  the  necessary  conditions  for  obtaining  the 
**  theoretical "  duty,  as  regards  the  parity  of  the  fuel  and  the  prevention  of  cxtraneoos 
dispersion  of  heat,  can  only  be  fa1  filled  approximately ;  but  it  is  nevertheless  im- 
portant to  know  the  nltimate  limit  of  duty,  in  order  to  be  able  to  compare  it  with 
the  actual  working  duty  in  each  case  of  the  application  of  fuel  in  the  furnace.  The 
difference  will  render  manifest  the  amount  by  which  the  working  duty  falls  short  of 
the  theoretical,  and  the  proportion  between  the  one  and  the  other  will  be  the  true 
meagre  of  the  degree  of  perfection  attained  in  any  given  boiler  and  furnace. 

The  heat  evolved  in  the  combvMion  of  certain  of  the  compound  goHS  is  the  same 
{nearly)  as  that  evolved  in  the  combustion  of  their  constituents  separately. 

This  law*  holds  good  in  regard  to  the  gases  compounded  of  carbon  and  hydrogen. 
Such,  in  fact,  are  the  gases  distilled  from  bituminous  coal  when  exposed  to  a  red  heat. 
Let  us  apply  the  law  to  the  cases  of  light  carburctted  hydrogen  and  olefiant  gas. 

Light  carburetted  hydrogen  is  composed  of 

Carbon 1  equivalent;  weight  =6 '12 

Hydrogen 2        do.  do.     =2-00 

Light  carb.  hydrogen  ...     1  equivalent;  weight  =8*12 

Supposing  the  elements  to  be  burnt  separately, 

The  carbon  would  produce  43348  units  heat  -    7900  x  6*12 
The  hydrogen        „  67616        do.       =  33808  x  2 

115964        do. 

which  number,  divided  by  the  weight  8*12,  gives  a  quotient  of  14281  units  of  heat 
for  each  gramme  of  the  compound. 

The  heat  resulting  from  the  combustion  of  light  carburetted  hydrogen  is  iii  fact 
(see  Table,  page  486)  13108  units. 

In  the  case  of  olefiant  gas  the  agreement  is  closer.     Olefiant  gas  is  composed  of 

Carbon     .....••     4  equivalents;  weight  24*48 
Hydrogen 4         do.  do.      4*00 

Olefiant  gas 1         do.  do.     28*48 

Supposing  the  elements  to  be  burnt  separately, 

The  carbon  would  produce  193392  units  of  heat. 
The  hydrogen  „  135232  do. 

328624         do. 

which  number,  divided  by  the  weight  28*48,  gives  a  quotient  of  11539  units  of  heat 
for  each  gramme  of  the  compound. 

The  combustion  of  1  gramme  of  olefiant  gas  produces  (see  Table,  page  486)  11942 
units  of  heat. 

From  the  above  considerations  it  would  at  first  sight  appear  probable  that  the 
heating  duty  of  fuel  is  equal  (nearly)  to  the  sum  of  the  separate  duties  of  its  con- 
■tituent  combustible  elements,  supposing  these  to  be  fully  oxidised ;  and  tbat  when 
the  composition  of  any  given  coal  or  coke  is  known,  its  theoretical  Talue  in  generating 
heat  could  be  assigned  accordingly.  But  it  so  happens  that  the  elements  out  of  which 
the  gaseous  combustible  products  of  coal  are  formed  exist  in  coal  in  the  solid  state. 


*  The  correspondence  may  bo  conceived  to  be  the  closest  when  the  constituent  gases,  in 
eombining,  neiuier  set  free  nor  bind  any  heat 
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and  require  for  their  conversion  into  the  gaseous  state,  and  before  tln^  are  In  tke 
conditiuu  themselves  to  burn  and  evolve  beat,  a  Urge  quantitj  of  heat  derived  from 
the  previous  combustion  of  other  parts  of  the  fuel.  The  qnantifcj  of  heai  ihn 
abstracted  has  never  been  accurately  ascertained,  but  is  supposed,  on  a  rough  com- 
putation, to  amount  to  little  less  than  the  heat  afterwards  evolTed  in  the  oombiutioa 
of  the  gas.  It  has  accordingly  been  often  remarked  that  those  coala  which  eootaii 
the  least  gas  are  practically  the  strongest. 

In  the  absence  of  direct  experiment,  we  are  perhaps  not  justified  in  aasaming  thai 
the  heating  value  of  any  description  of  coal  containing  hydrogen  exoeeda  that  of  the 
carbon  it  contains. 

Ui>on  this  assumption,  the  following  rule  for  the  heating  ralue  of  fuel  will  apply: 

Multiply  the  weight  (in  lbs.)  of  carbon  in  the  fuel  by  14*6,  and  divide  the  product 
by  the  weight  of  the  fuel  in  lbs.  :  the  quotient  is  the  theoretical  heating  power  of 
1  lb.  of  the  fuel. 

Thus,  for  instance,  to  take  the  best  Newcastle  caking  coal,  which  on  an  aTenge  of 
8])ecim(.ns  was  found  by  Mr.  Richardson  (see  *'PhiL  Mag.'*  1838,  toL  xiii.  p.  121). 

88-0  carbon, 
5*2  hydrogen. 
5  '4  azote  and  oxygen. 
1*4  ashes. 


100-0 
Carbon  88  x  14*6  =  1284*8 

Theoretical  duty  of  1  lb.  of  dry  coal  is  equal  to  12*84  lbs.  water  evaporated  from 
212^  Fahrenheit. 

When  it  is  considered  that  even  in  the  same  mines  the  quality  of  the  ooal  variei 
materially,  and  that,  comparing  the  bituminous  coals  obtained  firom  dififerent  mine% 
the  proportion  of  carbon  ranges  from  60,  or  even  less,  to  88  per  cent.,  and  the 
quantity  of  ashes  from  1  to  15  per  cent,  and  upwards,  it  is  obvious  that  no  constant 
expression  of  the  value  can  be  assumed,  but  that  it  is  necessary  in  each  case  to  aaoer- 
tain  the  specific  composition  and  assign  the  duty. 

We  shall  hereafter  inquire  how  far  the  theoretical  and  working  duties  differ,  and 
explain  some  of  the  causes  of  the  difference. 

Relation  between  Mechanical  Force  and  the  Heat  which  produces  U, 

One  of  the  most  impoi-tant  and  interesting  inquiries  relative  to  the  steam  engine 
is  that  which  traces  the  connection  between  the  heat  expended  and  the  force 
produced. 

The  method  of  separate  condensation  discovered  by  Watt, — the  application  by 
Woolf  and  Homblower  of  the  force  of  expanding  steam, — occasioned  an  important 
change  in  the  relation  of  heat  to  power,  and  increased  in  a  remarkable  manner  the 
dynamical  value  of  fuel. 

There  are  no  sufficient  grounds  for  concluding  that  the  improvements  in  the  steam 
engine  subsequently  made,  and  extending  even  down  to  the  present  time^  hsTS 
reached  the  highest  point  of  the  scale.  On  the  contrary,  there  is  strong  evidenee  of 
the  existence  of  a  margin  in  the  field  of  economy,  in  the  working  duty  of  fuel,  ample 
enough  to  occupy  the  husbandry  of  many  labourers  for  some  time  to  oome^  and 
holding  out  the  prospect  of  a  good  return. 

The  recent  inquiries  of  some  scientific  men,  whose  attention  has  been  engaged  on 
the  subject  of  the  relation  between  heat  and  the  mechanical  effects  it  produces,  have 
resulted  in  the  discovery  of  the  princijde,  that  the  action  of  a  given  aimmni  of  Aecrt 
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may  be  represent^  by  a  constant  mechanical  worJs  performed  ;  tliat  is  to  sayi  by  tlio 
eleyation  of  a  determiiLite  weight  through  a  determioate  height. 

This  constant  of  work  for  the  unit  of  heat  has  been  termed  *  the  mechamcal 
equivalent  ofhtat^  and  expresses  the  maximnm  limit  of  duty  which,  on  the  assump- 
tion of  the  truth  of  the  above-named  principle,  that  unit  of  heat  can  possiMy 
perform. 

It  has  been  shown  that,  through  whatever  medium  or  carrier  the  mechanical  work 
of  heat  may  be  developed  or  conveyed,  whether  by  means  of  the  vapour  of  water 
or  other  liquids,  or  by  means  of  atmospheric  air  or  other  gaseous  matter,  the  same 
amount  of  work  is  invariably  the  result. 

This  constant  of  work  is  many  times  greater  than  the  work  hitherto  obtained  from 
the  best  condensing  expansive  engines. 

M.  Clapeyron,  in  his  treatise  on  the  moving  power  of  heat,  and  M.  Iloltzmann  of 
Manheim,  who  availed  himself  of  the  labours  of  M.  Clapeyron  and  M.  Camot  in  the 
same  field,  grounding  their  investigations  on  the  received  laws  of  Boyle  or  Mariottc, 
and  Ghiy-Lussac,  which  express  the  observed  relation  of  heat,  tension,  and  volume  in 
steam  and  other  gaseous  matter,  have  by  theoretical  inquiry  arrived  at  the  conclusion 
that— 

The  mechanical  equivalent  of  the  quantity  of  heat  capable  of  increasing  the 
temperature  of  1  lb.  of  water  by  one  degree  of  Fahrenheit's  scale  is  a  mechanical 
force  capable  of  raising  a  weight  between  the  limits  of  626  lbs.  and  782  lbs.  one  foot 
high. 

Mr.  Joule,  of  Manchester,  proceeding  by  entirely  different,  and  independent,  and 
in  fact  purely  experimental  methods,  concludes  that  the  mechanical  equivalent  of  heat 
may  be  taken  at  782  lbs.  raised  one  foot. 

The  mode  of  investigation  pursued  by  the  continental  philosophers,  especially  by 
M.  Holtzmann,*  may  be  thus  briefly  expliuncd. 

They  suppose  a  given  weight  of  steam,  or  gaseous  matter,  to  be  contained  in  a 
vertical  cylinder  formed  of  non-conducting  material,  in  which  is  fitted  an  air-tight 
bat  freely  moving  piston.  This  piston  is  pressed  downwards  by  a  weight  equal  to 
the  pressure  or  tension  of  the  steam  or  gas.  The  weight,  initial  temperature,  pres- 
sure, and  volume  being  known,  a  definite  quantity  of  heat  from  without  is  supposed 
to  be  imparted  to  the  vapour. 

The  result  will  be  partly  an  elevation  of  the  temperature  of  the  vapour,  and  partly 
an  increase  of  volume,  or,  in  other  words,  a  motion  of  matter,  the  pressure  or  tension 
remaining  the  same. 

But  the  result  may  be  represented  simply  and  solely  by  a  motion  of  the  matter 
(dilatation).  For  this  purpose  it  is  only  necessary  to  allow  the  vapour  to  dilate 
without  any  loss  of  its  original  or  imparted  heat  until  it  re-acquires  its  initial  tem- 
perature. 

In  this  case  the  final  effect  is  simply  dilatation  of  the  vapour  under  the  subsisting 
pressure.;  and  the  mechanical  work  done  is  represented  by  the  product  of  that  pres- 
sure into  the  space  through  which  it  has  l>een  made  to  recede. 

Mr.  Joule's  estimate  of  the  mechanical  equivalent  of  heat  is  derived  from  three 
distinct  classes  of  experiments. 

let.  From  the  calorific  effects  of  magneto-electricity.     (*Phil.  Mag.'  184.%  vol. 
xxiiL  p.  263.) 

This  method  is  to  revolve  a  small  compound  electro-magnet,  immersed  in  a  glass 


•  •  Cbcr die  Wttrme and  Ela«ticitUt  dcr  Gasc  uud  Diuji^fcii.'  Von  C.  llultznu Jir.    Mr.nl:cim, 
1845. 
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vessel  containiug  water,  between  the  poles  of  a  powerful  magnet ;  to  measare  tb« 
electricity  thence  arising  by  an  accurate  gaWanometer ;  to  ascertain  the  calorific  effect 
of  the  coil  of  the  electro-magnet  by  the  change  of  temperature  in  the  water  Borroanding 
it.  Heat  is  proved  to  be  generated  by  the  machine,  and  its  mechanical  effect  is 
measured  by  the  motion  of  such  weights  as  by  their  descent  are  saffident  to  keep  the 
machine  in  motion  at  any  assigned  velocity. 

2ndly.     From  the  changes  of  temperature  produced  by  the  rarefaction  and  con- 
densation of  air.     (*  Phil.  Mag./  1845,  vol.  xxvi.,  p.  369.) 
In  this  case,  the  mechanical  force  producing  compression  being  known,   the  heat 
resulting  was  measured  by  observing  the  changes  of  temperature  of  the  water  in  which 
the  coH'lensing  apparatus  was  immersed. 

Srdly.  From  the  heat  evolved  by  the  friction  of  fluids.    (*Phil.  Mag.,'  18  i7,  toI. 
xxxi.,  p.  173.) 
A  brass  paddle-wheel,  in  a  copper  can  containiug  the  fluid,  was  made  to  revolve  by 
descending  weights.     Sperm  oil  and  water  as  the  fluids  gave  the  same  results. 
The  mechanical  equivalent  of  the  unit  of  heat  was — 

As  assigned  by  the  1st  method,  838  lbs.  raised  1  foot. 
,,  2nd    do.       705  lbs.  do. 

,,  8rd     do.       782  lbs.  do. 

Mr.  Joule  considers  the  last  method  as  likely  to  give  a  more  accurate  reealt  than 
either  of  the  two  former  ;  and  it  is  remarkable  that  the  equivalent  given  by  the  third 
method,  viz.,  782  lbs.,  should  be  identical  with  the  major  limit  assigned  by 
Holtzmann. 

We  shall,  however,  prefer  to  take  the  mean  adopted  by  Holtzmann,  and  to  consider 
tJie  mechanical  equivalent  of  the  unit  of  heat  as  represented  by  a  veight  of  682  \be, 
lifted  one  foot  high  ;  the  unit  of  heat  being  the  quantity  required  to  raise  the  tem- 
perature of  a  pound  avoirdupois  of  water  one  degree  Fahrenheit. 

The  Working  Duty  of  Fuel  as  regards  the  Production  of  Steam, 

It  has  been  shewn  that  the  amounts  of  heat  obtainable  from  carbon  and  hydrogen 
respectively  are  such  as  in  the  case  of  the  combustion  of 

1  lb.  of  carbon  would  suffice  to  evaporate  14  6  lbs.  of  water  from  212"  ; 

and  in  that  of  the  combustion  of 

lU).  of  hydrogen  would  sufiice  to  evaporate  62*6  lbs.  of  water  from  212*  ; 
but  that  the  cfl'cct  of  any  heat  given  out  by  the  combustion  of  the  hydrogen  iB  in  great 
measure  neutralised  by  the  absorption  of  heat  necessary  to  volatilise  the  hydrogen 
and  it  has  been  observed  that  such  results  are  not  attainable  in  practice,  in  oonaequenee 
of  the  diversion  of  the  heat  evolved  into  other  channels  than  those  which  condnct  it 
directly  into  the  water.     To  this  may  be  added,  that  in  t)ie  common  instances  o 
^ocalled  combustion,  the  combustion  is  only  partial,  a  portion  of  the  fuel  being  dissi- 
pated without  undergoing  combustion  at  all. 

Whatever  diflerence  may  be  found  practically  to  exist  between  the  actual  and  the 
theoretical  duty  of  the  fuel  consumed  under  any  given  boiler,  or  given  system  of  firing, 
may  be  assigned  to  one  or  other  of  the  above  causes ;  and  in  the  comparison  of  different 
boilers  or  modes  of  firing,  the  amounts  of  difference,  as  expressed  by  the  ratios  between 
the  actual  and  theoretical  duties,  would  constitute  a  scale  by  which  the  commercial 
value  of  any  particular  apparatus  or  system  of  firing  can  be  tested. 

In  the  Cornish  boiler  a  duty  equal  to  10*29  lbs.*  water,  evaporated  from  the  tem- 
perature of  212",  has  been  obtained  from  1  lb.  of  coal. 

*  Report  on  the  Coals  suited  to  the  Steam  Navy.  By  Sir  H.  Do  La  Beohe  and  Dr.  Lyon  FlaylUr. 
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In  the  eylindrioal  boilera  used  in  the  mannfaeinring  district  of  Manchester,  the 
duty  does  not  appear  to  exceed  7  lbs.  water  evaporated  from  21 2**  by  1  lb.  of  ooaL 

In  the  locomotive  boiler  it  has  been  found,  on  the  average  of  an  extensive  series  of 
experiments  on  the  engines  of  the  Liverpool  and  Manchester  Railway,  that  the  duty  of 
1  lb.  of  Hnlton  or  Worsley  ooke  is  equal  to  the  evaporation  of  8}  lbs.  water  from  the 
temperatare  of  212'. 

Li  the  larger  engines  of  the  Qreat  Western  Railway  nearly  the  same  duty  is  obtained. 
Mr.  Gboch*  states  that  their  last-constmcted  engines  (the  area  or  tube  surface  being 
from  ten  to  eleven  times  the  area  of  the  fire-box)  evaporate  8  to  94  lbs.  of  water 
with  1  tb.  of  coke,  according  to  the  rapidity  of  evaporation  ;  the  slowest  evaporation 
with  a  given  sized  boiler  producing  the  best  result. 

The  variation  in  the  heating  quality  of  different  descriptions  of  coke  from  different 
mines  is  often  very  great.  In  Lancashire  the  Hnlton  and  Worsley  cokes  rank  highest. 
Representing  the  duty  of  these  by  100,  it  was  found  by  trial  that  the  duty  of  cokes 
from  six  other  mines  was  represented  by  the  following  numbers  :  76^,  80^,  80j|}, 
81^,  89,  90^.  In  some  instances  the  inferior  duty  was  partly  occasioned  by  the 
tenderness  of  the  coke  or  inability  to  withstand  the  action  of  the  blast ;  the  lai^ge 
pieces  breaking  up  into  small  ones,  and  these  either  falling  through  the  bars  or  beiog 
carried  off  by  the  draft. 

The  above  general  results  in  the  three  most  important  classes  of  steam  engine  boilers 
will  serve  to  shew  that  considerable  loss  of  heat  takes  place  in  each  case.  It  does  not, 
however,  appear  likely  that  the  locomotive  boiler  can  be  pushed  to  perform  a  much 
higher  duty,  taking  into  account  the  mechanical  limits  imposed  in  its  construction. 
But  there  is  no  sufficient  reason,  except  in  so  £ir  as  the  comparative  cost  of  alterations 
and  that  of  anticipated  saving  in  fuel  may  influence  the  owner  of  the  boiler  in  incurring 
an  immediate  expense,  why  the  performances  of  the  majority  of  stationary  engine 
boilers  should  not  be  materially  improved. 

We  proceed  to  consider  briefly  the  circumstances  which  occasion  a  diversion  of  a 
portion  of  the  heat  generated,  and  dissipation  of  part  of  the  fuel  unoonsumed. 

Divertion  of  Heat  generated. 
This  may  be  ascribed  chiefly  to  one  or  other  of  the  following  causes  : — 
1.    Vaporisation  of  the  hygrometric  water. 

Coal,  in  the  state  in  which  it  is  obtained  from  the  mine,  contains  from  1  to  2  per 
cent,  of  water  :  when  exposed  to  the  atmosphere,  and  especially  to  rain,  it  of  course 
imbibes  a  further  quantity,  which  is  greater  or  lees  in  proportion  to  the  moisture  of 
the  air  and  to  the  size  of  the  particles  of  coal ;  the  smaller  kinds,  and  eepecially  what 
is  termed  'slack,'  being  more  retentive  than  the  round  coal.  This  water  must  be 
converted  into  vapour  before  combustion  takes  place,  and  the  heat  necessary  for  its 
conversion  must  be  derived  from  other  portions  of  fuel  undergoing  combustion,  and 
is  consequently  not  communicated  to  the  boiler. 

Coke,  being  of  a  much  more  porous  or  spongy  texture  than  coal,  absorbs  frequently 
as  much  as  7  per  cent,  of  water  in  its  passage  from  the  oven  to  the  place  of  consump- 
tion in  uncovered  waggons.  A  difference  in  the  hygrometric  state  of  the  atmosi^here 
has  a  marked  and  rapid  effect  on  the  amount  of  hygrometric  moisture  in  coke.  Upon 
accurate  weighing  it  was  found  that  a  quantity  of  coke  delivered  in  rainy  weather, 
and  afterwards  exposed  for  a  few  days  to  a  drying  wind,  was  reduced  from  888  cwt. 
to  S60  cwt.     Hence  will  be  seen  the  advantage  of  keeping  the  coke  dry  until  the  time 


*  *  Report  of  Commissioners  of  Railways  respecting    Railway  Comraimication    between 
London  and  Birmingham,'  1848,  p.  57. 
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it  is  Actually  put  into  the  furnace  ;  for  not  only  is  there  in  damp  fael  a  less  qiLUitity 
of  comlmstible  matter  than  is  paid  for,  unless  due  allowance  be  expressly  nuule,  but 
there  is  a  positive  reduction  of  effectiTC  power  in  the  combustible  portion  itself. 
Thus,  to  take  the  instance  cited  of  coke  with  7  per  cent,  of  moisture  : 

100  lbs.  of  such  coke  contains  93  lbs.  dry  fuel,  and  7  lbs.  water  =  1 00. 
The  93  lt»s.  dry  coke  are  competent  in  practice  to  evaporate  SJ  times 

its  weight  of  water  ..........  790  Ibe. 

But  7  lbs.  water  contained  in  the  fuel  must  first  be  evaporated    .     .      =       7  n:«. 

There  remains,  therefore,  as  the  eflfective  quantity  of  water  evaporated 

by  100  lbs.  of  damp  fuel =  783  Ibe. 

Whereas  100  lbs.  dry  coke  evaporate  850  lbs.  water. 

This  is  equal  to  a  diminution  of  effective  dnty  in  the  proportion  of  850  to  783,  or 
about  8  per  cent. 

In  every  contract  for  the  supply  of  coke  it  is  advisable  that  the  contractor  should  be 
bound  to  send  it  in  closed  waggons,  or  waggons  covered  with  water-proof  sheets  ;  and 
the  coke  dep6ts  should  be  so  constructed  that  the  waggons  may  be  unsheeted,  and  the 
coke  weighed  out  and  stocked  under  cover. 

2.  Production  of  suck  elevation  of  the  temperature  of  the  air  or  gcues  in  ike 
chimney  as  may  he  required  to  obtain  the  draft. 

In  the  fixed  engine  furnace  the  necessary  draft  is  maintained  by  the  differential 
pressure,  as  between  a  column  of  heated  and  rareBed  air  in  the  chimney-stalk  and  a 
column  of  the  colder  air  without,  of  equal  area  and  height ;  the  difference  of  tempera- 
ture being  maintained  by  the  constant  accession  of  heated  gaseons  matter  to  the 
contents  of  the  chimney,  which  are  constantly  discharging  themselves  from  the  top. 
It  should  be  tlie  object  to  render  this  loss  of  heat  a  minimum.  The  quantity  of  heat 
carried  off  is  directly  proportional  to  the  quantity  of  gaseons  matter  which  escapes 
from  the  fine  into  the  chimney,  and  to  the  temperature  at  which  it  escapee.  The 
quantity  is  a  minimum  when,  for  the  combustion  of  any  given  weight  of  fuel,  no  more 
air  has  been  allowed  to  pass  through  the  furnace  than  suffices  fully  to  oxidise  the 
elements  of  the  fuel ;  and  the  temperature  is  a  minimum  when  it  does  not  exceed, 
unless  by  a  few  degrees,  the  temperature  at  which  the  water  is  being  converted  into 
steam  of  the  assigned  pressure,  \yhen  the  fire  is  contained  in  a  box  surrounded  by 
water  to  be  heated,  as  in  a  locomotive  engine,  the  grate-bar  frame  should  be  made  to 
fit  closely  to  the  sides  of  the  box  ;  otherwise  the  surface  of  the  plates  adjoining  will 
be  insulated  from  the  action  of  the  fire  by  a  stream  of  cold  air  rushing  upwards 
between  the  frame  and  the  box, — a  frequent  source  of  waste  of  fuel. 

In  the  case  of  the  locomotive  engine,  the  draft  is  obtained  mechanically  by  the 
application  of  the  steam  already  generated  ;  and  its  intensity  is  liable  to  considerable 
variation  under  differences  of  pressure  in  the  cylinders,  and  differences  of  Telocity  of 
the  piston. 

The  current  of  heated  air  through  the  tubes  may  be  made  to  become  so  rapid  as 
not  to  afford  the  necessary  time  for  imparting  all  the  heat  which  under  a  milder  draft 
would  be  taken  up  by  the  absorbent  surfaces,  and  a  quantity  of  surplus  heat  is  carried 
to  waste  up  the  chimney. 

In  former  years  the  drafl  in  the  locomotive  engine  was  solely  obtained  by  the  action 
of  the  blast-pipe.  The  introduction  of  the  '  close  ash-pan,'  that  is  to  say,  an  ash-pan 
closed  below  and  on  all  sides  except  the  front, — the  front  being  left  open  to  revive  a 
rush  of  air  produced  by  the  velocity  of  the  train, — has  had  the  effect  of  relieving  the 
blast-pipe  from  a  part  of  its  duty,  and  of  saving  steam  and  fuel  to  that  extent.     It  is, 
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however,  to  be  observed,  that  the  saving  is  less  on  lines  of  undulating  gradients  than 
on  those  in  which  a  constant  tension  on  the  fire  is  needed  ;  for  whilst  the  engine  is 
descending  a  gradient  with  steam  cut  off,  it  is  obviously  desirable  to  stop  the  passage 
of  air  thi-ough  the  fire ;  but  the  present  form  of  ash-pan  prevents  this  from  being 
entirely  done,  and  there  is  a  certain  waste  of  fuel  on  descending  gradients  to  set  against 
the  saving  on  other  parts  of  the  road  where  artificial  power  is  required.  The  remedy 
would  be  to  have  some  ready  and  simple  means  of  controlling  the  admission  of  air  :  if 
such  means  were  provided,  both  before  and  behind  the  ash-pan,  the  engine  would 
generate  steam  equally  well,  whether  running  backwards  or  forwards. 

3.  Conduction  throufjh  solids  composing  the  furnace  and  boiler,  and  radiation 

from  the  same. 

The  greater  economy  of  fuel  obtained  in  the  Cornish  boilers  appears  in  great  measure 
to  arise  from  close  attention  to  this  point ;  these  boUers  and  furnaces  being,  in  fact, 
buried  in  a  mass  of  badly  conducting  material,  such  as  ashes,  brickwork,  &c. 

The  locomotive  boiler  is  particularly  exposed  to  loss  of  heat  from  this  cause,  almost 
every  part  being  in  rapid  motion  through  and  in  constant  contact  with  the  atmosphere, 
a  thin  layer  of  imperfectly-conducting  material  only  intervening.  It  is  usual  to  clothe 
the  boilers  with  a  layer  of  felt,  then  with  boards,  and  over  them  a  thin  casing  of  zinc 
or  oil-cloth  stretched  tightly,  painted  and  varnished  to  turn  off  the  wet.  The  high 
temperature  of  the  steam  acting  through  the  boiler-plate  often  converts  the  felt  or 
inner  surface  of  the  wooden  boards  into  charcoal,  which  is  a  still  inferior  conductor. 
Notwithstanding  these  precautions,  there  is  some  radiation  and  waste  of  heat. 

In  outside-cylinder  engines,  the  cylinders  are  unavoidably  placed  in  a  position  calcu- 
lated to  cool  their  surfaces,  and  diminish  the  pressure  of  the  steam  within,  in  which 
respect  they  work  to  some  disadvantage  as  compared  with  inside-cylinder  engines, 
which  have  their  cylinders  enclosed  in  the  hot  smoke-box. 

4.  Dispersion  of  heated  teaser  hy  priming  and  leakage. 

This  water,  suspended  mechanically  in  the  steam,  and  passing  with  it  by  the  force 
of  the  current  along  the  pipes  and  through  the  cylinders,  without  producing  any 
dynamical  effect,  abstracts  as  much  heat  as  was  expended  in  raising  its  temperature 
from  that  of  the  feed- water  to  the  temperature  of  the  issuing  steam.  The  quantity  of 
water  and  consequently  of  heat  thus  carried  off  is  dependent  chiefly  on  the  incidental 
circumstances  of  the  purity  of  the  water  used,  that  is  to  say,  its  freedom  from  mud  or 
greasy  matter,  and  of  the  steam  room  given  above  the  surface  of  the  boiling  water. 
The  steam  room  in  locomotive  boilers  being  necessarily  somewhat  more  contracted 
than  in  fixed  engine  boilers,  and  the  rate  of  evaporation  in  respect  of  the  size  of  the 
boiler  being  much  greater,  there  is  more  tendency  to  loss  of  heat  from  this  source. 

The  best  preventive  of  this  loss  consists  in  properly  blowing  off  and  cleansing  the 
boilers  at  prescribed  intervals,  and  in  attention  to  the  purity  of  the  feed-water  sup- 
plied. With  these  precautions,  the  loss  in  a  well-constructed  boiler,  with  properly 
aiTangcd  steam  dome  and  steam  pipes,  becomes  very  trifling  and  scarcely  appreciable. 

Leakages  in  boilers  are  often  occasioned  by  the  unequal  expansion  of  parts  unoqnally 
heated,  or  of  parts  formed  of  different  metals  whose  rate  of  expansion  under  equal 
increments  of  temperature  differs  ;  and  such  leakages  are  apt  especially  to  occur  after 
sudden  and  great  variations  of  temperature,  as  in  boilers  after  being  blown  off. 
Instances  are  well  known  in  which  &om  such  causes  a  whole  set  of  tubes  has  suddenly 
begun  to  leak. 

Dissipation  of  unconsumed  Fuel. 

In  every  furnace  a  certain  amoont  of  heat  is  lost  in  two  ways ;  first,  by  an  absolute 
loss  of  unbumt  substance  of  the  fuel,  which  may  be  termed  a  mechanical  loss,  inasmuch 
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as  it  proceeds  from  circumstances  connected  with  the  physical  condition  of  the  coal,  or 
from  imi)crfectiou  in  the  mcclianical  apparatus  of  the  furnace  ;  and,  seeondly,  by  ihe 
incomplete  combustion  of  the  elements  into  which  the  fuel  has  been  resolved  by  heat. 
The  latter  has  its  origin  in  the  want  of  due  regard  to  the  chemical  relations  of  the 
combining  elements.  ^ 

1.  Mechanical  dissipation  of  the  fuel. 

Amongst  the  ashes  which  fall  from  the  grate-bars  of  a  furnace  there  is  alvrays  pre- 
sent a  quantity  of  unconsumed  solid  fuel.     The  quantity  depends,  other  things  being 
equal,  on  the  practical  relation  between  the  total  area  of  air  spaces  and   the  width 
between  the  bars.     The  area  of  fire-grate  being  given,  the  bars  must  be  arranged  so 
as  to  present  the  least  possible  impediment  to  the  passage  of  air  through  the  fnel, 
whilst  at  the  same  time  tbey  afford  effectual  support  even  to  the  smaller  pieces.     For 
this  reason  it  is  desirable  to  make  the  grate-bars  as  thin  as  the  strength  or  durability 
of  the  material  (cast  or  wrought  iron)  will  allow,  adding  in  depth  to  make  np  for 
deficiency  in  thickness.     The  spaces  between  the  bars  are  adapted  to  the  nature  of 
the  fuel.     In  the  case  of  small  coal  and  slack  the  spaces  must  be  more  contracted  than 
where  rounder  coal  or  coke  is  employed.     Kxperience  soon  shows  what  is  the  best 
proportion. 

For  the  best  qualities  of  coke,  in  the  locomotive  furnace,  the  following  proportions 
have  been  found,  on  the  Liverpool  and  Manchester  Railway,  to  work  with  the  best 
effect : 

Thickness  of  bars   ....••}  inch. 
Width  of  air  spaces 1  do. 

With  these  dimensions,  the  proportion  borne  by  the  entire  area  of  air  spaees  to  that 
of  grate  surface  is  as  67  :  100. 

The  thinner  the  bars,  the  more  will  the  proportion  be  increased.  Probably  a  bar 
less  than  \  an  inch  thick  could  not  be  made  durable.*  About  }-inch  is  a  common 
thickness  for  locomotive  furnaces.  With  such  bars,  and  1-inch  spaces  between,  the 
proportion  of  air  space  to  total  area  of  grate  surface  is  as  57  to  100,  shewing  a 
reduction  of  10  per  cent,  of  air  space  as  between  J-inch  and  J-inch  bars. 

Hence  the  rate  of  evaporation  is  diminished,  or,  if  the  air  spaoes  be  widened  to 
compensate  for  the  extra  thickness  of  the  bars,  an  attendant  loss  of  fnel  is 
incurred. 

By  proper  management,  this  inconvenience  and  loss  may  in  great  measnre  be  pre- 
vented. For  this  purpose  it  is  only  necessary  to  adapt  the  quality  of  the  coke,  with 
respect  to  its  dimensions,  to  the  particular  duty  it  has  to  perform.  Engines  running 
with  express  or  other  quick  passenger  trains,  and  making  few  stoppages,  require  a 
maximum  rate  of  evaporation  which  can  be  attained  by  feeding  only  with  large  ronnd 
coke,  thus  allowing  the  air  free  access  to  the  interior  of  the  buniing  mass.  The  mle 
formerly  practised  on  the  Liverpool  and  Manchester  line  was  to  sort  the  coke  from 
the  waggons  into  three  qualities  by  the  rake.  The  first  quality,  or  large  round 
coke,  was  delivered  to  the  passenger  engines ;  the  second  quality,  of  an  inferior 
size  of  round  coke,  to  the  luggage  engines ;  and  the  third,  of  still  less  dimensions, 
to  ballast  engines.  Thus  the  two  latter  classes  of  engines  performed  their  work 
as   efiiciently  as  before,  and   the  passenger  engines  obtained  the  benefit  of  the 


*  With  ^inch  bai-s  and  1-inch  spaces,  the  destruction  of  fire-bars  on  the  Livezpool  and  Man- 
chester Railway,  on  a  mileage  of  320,000  miles,  during  the  X)eriod  extending  from  January  lit 
to  November  10th,  1841,  was  5  tons  16  cwt ;  Hulton  or  Worsley  coko  alone  being  used. 
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increase  of  speed  which  the  first  quality  of  coke  afforded  by  increasing  the  rate 
of  evaporation.  The  entire  coke  purchased  was  thus  made  to  render  effective  ser- 
vice ;  for  previously  there  had  been  much  waste  occasioned  by  the  firemen  sorting 
it  for  themselves  on  the  journey,  and  throwing  out  on  to  the  road  what  they  con- 
sidered refuse. 

Coke  is  frequently  wasted  from  want  of  attention  to  the  fixing  of  the  fire-bars  ;  for 
unless  these  are  closely  wedged  or  jammed  into  the  frame  which  supports  them,  the 
rapid  motion  of  the  engine  will  cause  an  incessant  friction  upon  the  surface  of  the 
fuel  at  the  bottom  of  the  fire,  and  work  a  portion'of  it  down  into  the  ash-pan. 

The  power  of  fuel  to  resist  mechanical  dispersion  in  the  furnace  depends  on  its 
physical  character. 

Some  kinds  of  coal  contain  water  in  a  state  of  chemical  combmation,  and  are  apt 
to  split  and  fly  to  pieces  when  heat  is  applied.  The  anthracite  coals  of  South  Wales 
are  peculiarly  subject  to  this  evil.  In  furnaces  of  the  ordinary  construction,  and 
especially  in  locomotive  boilers,  it  is  difficult  to  use  them,  as  they  are  apt  to  break 
down  into  powder  under  the  influence  of  a  strong  heat  suddenly  applied.  Other 
kinds,  after  long  exposure  to  air  and  weather,  appear  to  undergo  a  kind  of  incipient 
decomposition,  which  renders  them  tender  and  friable.  Coke  is  rendered  compact  by 
the  process  of  coking  bcmg  long  continued,  producing  thereby  a  sort  of  fusion 
between  the  particles.  It  is,  of  course,  the  manufacturer's  interest  to  employ  and 
replenish  his  ovens  as  quickly  as  possible,  and  it  may  therefore  happen  that  the  con- 
sumers are  sometimes  sufferers.  To  withstand  the  blast  of  a  locomotive  furnace,  the 
coking  process  should  be  fully  completed.  Imperfectly  coked  coal  is  carried  off  like 
chaff  through  the  tubes  and  up  the  chimney. 

2.  Incomplete  combustion  of  the  elements  of  the  fuel. 

Owing  to  an  insufficient  supply  of  air,  the  volatile  products  of  coal  frequently  pass 
off  unconsumed,  or  only  partially  so.  The  visible  result  is  the  formation  of  a  cloud 
of  smoke  from  what,  before  its  admixture  with  air,  was  an  almost  invisible  gas.  This 
gas,  or,  at  the  least,  the  inflammable  part  of  it,  is  a  compound  of  carbon  and 
hydrogen  united  in  one  or  more  definite  proportions.  If  oxygen  be  presented  to  the 
gas  at  a  time  when  its  temperature  is  high  enough  for  the  forces  of  affinity  to  have 
full  play,  but  in  quantity  insufficient  to  saturate  the  whole  of  the  carbon  and  hydrogen, 
the  hydrogen  unites  with  the  oxygen  before  the  carbon  is  taken  up,  and  the  carbon  is 
deposited,  or  rather  separated,  in  the  form  of  smoke. 

It  would  be  out  of  place  here  to  refer  to  the  subject  of  the  prevention  of  smoke  in 
furnaces,  further  than  to  state  that  a  judicious  application  of  the  principle  of  a  direct 
and  well-regulated  admixture  of  air  with  the  heated  gases,  as  they  are  distilled  off 
from  the  fuel,  appears  not  only  to  diminish  very  largely  the  quantity  of  smoke 
evolved  from  the  furnace  chimney,  but  also  to  effect  some  saving  in  fuel.  According 
to  Mr.  Honldsworth*s  experiments,  reported  by  Mr.  Fairbaim  in  the  '  Report  of  the 
British  Association*  (1844,  page  109),  an  advantage  of  12}  per  cent,  was  obtained  on 
the  average  by  the  repeated  admission  of  air  through  apertures  behind  the  bridge.  In 
some  cases  even  a  higher  duty  is  said  to  have  been  olwerved. 

The  reason  why  the  additional  heat  generated  in  the  full  combustion  of  the 
gaseous  products  faUs  short  of  the  estimates  held  out  by  the  advocates  of  different 
systems  of  smoke  prevention,  appears  to  be  that  the  heat  employed  in  volatilising  the 
gaseous  products  is  nearly  as  great  as  the  heat  evolved  in  the  subsequent  com- 
bination of  those  products  with  oxygen. 

A  sufficient  supply  of  oxygen  is  as  important  in  the  combustion  of  solid  carbon  as 
it  is  in  that  of  the  Tolatile  parts  of  the  coal ;  for  it  is  well  known  that  carbon  unites 
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with  oxygen  in  two  proportions,  fonning  respectively  carbonic  oxide   and  carbonic 
acid  gas. 

Carbonic  oxide  contains       .        .        .     6*12  carbon  +    8  oxygen  =  14*12 
Carbonic  acid  contains         .         .         .     6*12    do.     +16    do.      =22-12 

To  develope  the  full  heat  of  which  carbon  is  capable,  it  must  receive  the  doable  dose 
of  oxygen,  and  be  converted  into  carbonic  acid. 

The  fact  of  the  generation  and  escape  of  large  qoantities  of  carbonic  oxide  from 
coke  fires,  especially  where  the  mass  of  burning  fuel  Is  thick,  is  abundantly  prored  by 
experience.  If  the  fire  door  of  the  farnace  of  a  locomotive  boiler  in  full  action 
be  opened,  a  lambent  blue  fiame  is  at  once  seen  to  surround  the  opening  and  play 
over  the  surface  of  the  fuel,  occasioned  by  the  combustion  of  the  carbonic  oxide 
when  the  fresh  air  is  presented  to  it.  In  like  manner,  a  blue  flame  may  ooeasionaUy 
be  seen  burning  at  the  top  of  the  chimney,  the  point  where,  supposing  the  furnace 
door  to  be  shut,  the  heated  carbonic  oxide  first  meets  a  supply  of  oxygen.  If  the 
smoke-box  be  not  quite  air-tight,  the  outer  plates  have  been  known  to  become  xed-hot 
by  the  combustion  going  on  within. 

It  may  be  useful  to  consider  what  loss  of  heat  may  arise  as  between  the  conTersion 
of  carbon  into  carbonic  acid  and  of  carbon  into  caibonic  oxide.  There  are  no  direct 
means  of  ascertaining  the  loss  or  difference,  inasmuch  as  no  direct  experiment  can  be 
made  on  the  conversion  of  carbon  into  carbonic  oxide  ahne.  We  may,  howeTer, 
arrive  at  a  conclusion  indirectly  in  the  following  way  : 

According  to  experiment,  cited  in  the  Table  (page  486;,  1  gi-amme  carbonic  oxide^ 
in  its  conversion  into  carbonic  acid,  yields  2431  units  of  heat. 

Consequently,  1412  grammes  of  carbonic  oxide  will  yield  (2431  x  14 '12) -34,325. 

But  14*12  grammes  carbonic  oxide  contain  6*12  grammes  of  carbon. 

Therefore  the  6*12  grammes  of  carbon,  during  the  process  of  conversion  from  the 
state  of  carbonic  oxide  to  that  of  carbonic  acid,  yield  34,325  units,  equivalent  to 
1  gramme  carbon,  in  its  conversion  from  carbonic  oxide  to  carbonic  acid,  yielding 
5  GO  8  units  of  heat. 

But  according  to  experiment  (see  page  486),  1  gramme  carbon,  in  its  conversion 
from  carbon  into  carbonic  acid,  yields  7900. 

The  difference  between  the  two  last  numbers  indicates  the  heat  developed  by 
1  gramme  carbon,  in  its  conversion  from  carbon  to  carbonic  oxide,  =  2292. 

If  this  reasoning  be  correct,  fj^ths,  or,  in  round  numbers,  70  per  cent.,  of  the 
heat  which  would  be  generated  in  the  conversion  of  carbon  to  carbonic  acid,  is  lost 
in  the  case  of  the  conversion  of  the  same  weight  of  carbon  into  carbonic  oxide  only. 

Every  pound  of  carbon  which  escapes  through  the  chimney  in  the  form  of  carbonie 
oxide  carries  o£f,  therefore,  as  much  fuel  as  would  suffice  to  evaporate  10  lbs.  of  water 
from  the  temperature  of  212"*. 

In  the  locomotive  boiler,  the  remedy  has  been  partially  applied  of  perforating  the 
fire  door  with  a  number  of  small  holes,  and  allowing  the  air  to  enter  through  them 
direct  on  to  the  top  of  the  burning  coke,  from  the  surface  of  which  the  carbonic  oxide 
is  rising. 

The  various  sources  of  waste  hitherto  detailed,  however  insignificant  they  may 
appear  if  considered  singly,  become,  when  combined  together,  of  serious  moment. 
This  was  fully  evidenced  in  the  saving  of  full  100  tons  of  coke  per  week,  effected 
in  the  Liverpool  and  Manchester  engines,  in  the  autumn  of  1839,  in  the  following 
manner. 

In  the  autumn  of  1838  an  account  had  been  opened,  against  each  en^ne^  of  the 
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ooke  deliyered,  and  weekly  retoms  were  made  up  of  ihe  general  consumpiioii.  This 
seryed,  to  a  certain  extent,  as  a  check,  but  the  result  was  not  so  satisfactory  as  could 
have  been  desired.  The  returns  might  or  might  not  give  accorately  the  week^s  con- 
8umption«  The  coke  was  put  loose  in  the  tender,  subjected  to  all  the  breakage  to 
which  its  position  rendered  it  liable,  and  being  so  placed,  no  account  was  taken  of 
the  stock  remaining  at  the  end  of  the  week. 

This  might  have  been  greater  or  less  than  the  stock  remaining  at  the  end  of  the 
previous  week.  Hence  an  error  in  the  week's  consumption.  Taking  a  longer  period, 
of  course  the  errors  were  neutralised,  and  a  correct  average  obtained  ;  but  this  was 
not  sufficient.  It  was  necessary  to  know  not  merely  a  month's  consumption,  nor  a 
week's,  but  every  day's  consumption.  Nay,  it  was  found  important  that  the  drivers 
should  know  from  hour  to  hour  what  they  were  using.  Accordingly  the  system  was 
changed.  The  coke,  instead  of  being  placed  loose  in  the  tenders,  was  put  on  in  bags, 
each  containing  a  certain  weight,  and  every  night,  after  the  engines  had  finished 
work,  the  remaining  ones  wei*e  counted,  and  as  many  fresh  ones  put  on  as  sufficed  to 
make  up  a  given  complement.  The  driver  was  not  permitted  to  empty  his  sacks 
before  he  actually  wanted  to  feed  his  fire,  and  therefore  no  waste  or  breakage  could 
take  place.  At  the  same  time  orders  were  given  to  let  the  fires  bum  low  as  the  end 
of  the  journey  was  approached,  for  the  purpose  of  diminishing  waste  during  the 
intervals  of  rest. 

A  table  of  every  week's  performance  was  posted  up  for  the  inspection  of  the  men, 
wherein  the  engines  occupied  a  higher  place  in  proportion  as  their  consumption  was 
lighter. 

These  arrangements  were  carried  into  effect  in  October,  1839,  and  immediately 
roused  an  honourable  and  eager  spirit  of  competition  amongst  the  men. 

The  records  of  that  period  show  a  marked  efifect.  During  the  four  weeks  preceding 
the  19th  October,  the  coke  deliveries  amounted  to  826  tons  9  cwt.  ;  during  the  four 
weeks  succeeding  that  day,  to  only  717  tons  17  cwt.,  tie  work  done  being  almost 
precisely  the  same. 


Week  ending 

Ton«. 

cwt. 

qrs 

28  September,  1839. 

232  trips  of  80  miles  +  34^  days'  work    207 

4 

2 

5  October,         ,, 

234    do.          do.        +3I|        do.           203 

11 

1 

12      do.              „ 

233    do.          do.        +3j|        do.          211 

2 

1 

19      do.              „ 

236    do.          do.        +30i        do.          204 

11 

0 

935    do.  do.       +134|        do.  826      9      0 

26  October,      1839.     233  trips  of  30  miles  +  35    days'  work    131       8      1 


2  November, 

ft 

233 

do. 

do. 

+  34i 

do. 

182 

3 

1 

9      do. 

n 

230 

do. 

do. 

+  34i 

do. 

174 

14 

1 

16      do. 

>f 

240 
936 

do. 
do. 

do. 
do. 

+  36i 
+  139 

do. 
do. 

179 
717 

11 

2 

17 

1 

By  further  practice,  and  by  attending  closely  to  those  little  defects  of  which  the 
existence  was  sure  to  be  indicated  by  an  inspection  of  the  tables,  and  before  any 
extensive  improvements  were  made  in  the  valves,  the  quantity  was  still  further 
reduced,*and  in  February  of  the  following  year  did  not  exceed  670  tons. 

The  Working  Duiy  of  Steam, 

The  heat  necessary  to  convert  a  given  weight  of  water  of  a  given  temperature  into 
steam  has  been  asoertidned  to  be  a  constant  quantity,  independent  of  the  particular 
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pressure  and  temperature  of  the  steam  generated,  so  that  in  respect  of  the  duty  of 
fuel  it  is  a  matter  of  indifference  whether  evaporation  is  carried  on  nnder  a  high  or  a 
low  pressure. 

A  portion  of  the  heat  applied  to  the  water  is  expended  in  elevating  its  temperature 
up  to  the  point  at  which  its  conversion  into  steam  of  the  assigned  pressure  com- 
mences, and  the  remaining  portion  is  devoted  to  the  conversion  of  the  liquid  into 
vapour,  and  is  essential  to  its  constitution  as  such. 

This  heat  of  conversion  (latent  heat)  diminishes  as  the  pressure  and  corresponding 
temperature  of  the  steam  increase. 

For  instance : — 

Jbs.  of  water. 
1  lb.  of  water  heated  from  32°  to  212°  F.  requires  as  much  heat 

as  would  elevate  through  1°  F .180 

1  lb.  of  water  at  212°  F.  converted  into  steam  at  212°  (=14*7  lbs. 
per  square  inch)  requires  as  much  heat  for  its  conversion  as 
would  elevate  through  1°  F. 972 

Total 1152 

Again  : 

1  lb.  of  water  heated  from  32°  to  329°  F.  requiies  as  much  heat  as 
would  elevate  through  1°  F. 297 

1  lb  of  water  at  329°  F.  converted  into  steam  at  329°  (  =  100  lbs. 
per  square  inch)  requires  as  much  heat  forits  conversion  as  would 
elevate  through  1*  F St  5 


Total 1162 

The  number  1152  is,  then,  a  constant  which  may  be  taken  to  express  the  units  of 
heat  containing  lib.  of  steam,  reckoning  from  32°  F. ,  the  freezing  point  of  water,  up 
to  the  temperature  at  which  the  conversion  into  steam  takes  place. 

The  mechanical  equivalent ^  or  maximum  theoretical  duty  of  this  amonnt  of  heat^  as 
contained  in  1  lb.  of  steayny  is 
»  682  lbs.  X  1152  units  of  heat  =  785, 664  lbs.  raised  1  foot  high  ; 

• 

682  lbs.  through   1  foot  being,  as  before  shewn,  the  mechanical  equivalent  of  the  unit 
of  heat. 

The  amount  of  duty  realised  in  the  production  and  use  of  lib.  of  steam  ialJs^ 
however,  far  short  of  this  theoretical  maximum. 

In  the  earliest  stages  of  the  process,  those  which  precede  the  moment  "when  the 
water  finally  assumes  the  gaseous  form,  the  forces  to  be  encountered  before  the 
cohesion  of  the  molecules  of  the  liquid  can  be  overcome,  absorb  and  neutralise  a  large 
proportion  of  the  effect  of  the  imparted  heat. 

In  fact,  the  *  heat  of  conversion '  is  partly  occupied  in  producing  the  change  of 
state  from  liquid  to  gas,  an  effect  which  is  unattended  by  any  sensible  manifestation 
of  power,  and  for  the  remainder  consists  in  producing  a  pressure  of  force  equal 
to  the  tension  of  the  steam  on  a  given  area  of  surface  moving  through  a  space  which 
depends  on  the  relative  volumes  of  the  water  and  the  steam. 

Thus  it  is  obvious  that  in  the  most  perfect  steam  engine,  acting  as  it  does  on  the 
principle  of  alternate  vaporisation  and  condensation,  a  very  considerable  amount  of 
the  mechanical  equivalent  of  heat  is  for  all  practical  purposes  annihilated ;  and  this 
f  eflection  may  lead  to  the  question  "whether  there  may  not  be  disoovered  some  metna 
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of  reclaiming  the  lost  heat  of  conversion,  and  thereby  greatly  economising  fuel, 
by  the  employment  of  water  purely  in  its  gaseons  form,  subjecting  it  to  such 
alterations  of  temperature,  sivort  of  reducing  it  to  the  liquid  state,  as  may  render 
it  the  means  of  transforming  all  the  heat  it  receives  into  a  manifested  and  available 
equivalent  of  force. 

Owing  to  the  circumstance  of  the  heat  of  conversion  becoming  relatively  4e83  and 
less  as  the  pressure  increases,  the  loss  or  absorption  of  force  is  less,  the  higher  the 
pressure  at  which  the  steam  is  produced. 

Making  the  allowance  for  this  loss,  the  theoretical  work  producible  from  lib.  of 

steam  is  in  each  of  the  cases  here  cited  as  follows  : 

lbs.  avoird.  raised 
1  ft  high  by  1  lb. 

of  steam. 
Theoretical  duty. 

Ist.  Low-pressure  engine,  working  inexpansively,  and  condensing 
its  steam  at  112''  F.  (  =  l'31b.  per  square  inch) ;  the  steam 
formed  at  228°  F.  ( =  20Ibs.  per  square  inch)  .         .         .     53, 1 50 

2nd.  High-pressure  engine,  working  expansively ;  steam  formed 
and  admitted  into  cylinder  at  284°  F.  (  =51^^)3.  per  square 
inch,  or  3  atmospheres),  expanding  to  104°  F.  and  condensed  at 
104' F.  (= lib.  per  square  inch) 214,734 

In  the  first  case  only  ]\th  part  of  the  absolute  maximum  of  theoretical  duty  of 
the  heat  imparted  to  the  steam  can  be  obtained  ;  in  the  latter  case,  about  fths. 

Of  this  reduced  theoretical  duty  let  us  see  how  much  has  been  actually  obtainedj^in 
practice. 

\8t  ease,  —Mr.  Josiah  Parkes,  in  his  Paper  on  Steam  Engines,  records  the  duty  of 
two  condensing  inexpansive  low-pressure  steam  engines,  viz.,  an  engine  at  Warwick, 
with  25-inch  cylinder  and  5-feet  6-inch  stroke,  and  the  engine  of  the  Albion  Mills, 
London,  with  34-inch  cylinder  and  8-feet  stroke. 

The  first  engine  raised         ....     28, 285  lbs.  1  foot  high. 
The  second  en^e  raised      ....     28,489  lbs.        ,, 


Mean 28,387  lbs.  raised  1  foot  high  by 

1  lb.  of  steam.  4 

This  duty  is  only  53  per  cent.,  or  little  more  than  one-half  the  assigned  theoretical 
duty. 

2nd  ease. — The  Fowey  Consols  engine,  with  80-inch  cylinder,  10-feet  4-inch  stroke, 
cutting  o£f  at  |  stroke,  working  at  a  pressure  of  40  lbs.  per  square  inch  above  the 
atmosphere,  has  raised 

126,859  lbs.  1  foot  high  by  1  lb.  of  steam.* 

This  duty  amounts  to  at  least  58  per  cent,  of  the  assigned  theoretical  duty.  (In 
the  case  supposed,  the  steam  would  be  cut  off  rather  earlier.) 

The  loss  of  duty  in  respect  of  the  steam  generated  in  the  boiler  may  be  referred  to 
four  general  heads,  vis. 

I.  Loss  as  arising  from  steam  which  escapes,  either  without  passing  throngh  the 
cylinders,  ot,  if  passed  through  the  cylinder,  without  exerting  pressure  upon 
the  piston. 

II.  Loss  as  arising  from  resistances  against  the  piston,  produced  by  imperfect 
action  of  the  yalves. 

*'  The  average  duty  of  all  the  Cornish  engines  scarcely  exceeds  o&e-holf  this. 
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in,  Ad  apparent  lou  incidental  to  tbo  Dan-caad«Diiiig  engio^  ma  ariaing  baa 

the  resiutjuicu  lo  the  iiiston  uBunled  bj  the  prcnure  of  the  ktmoepbere. 
IV.  LosB  aa  arising  fruui  imperrett  coadeuaation. 

ES:    _i  I  I      I.  LvM  from  Stcapet  o/ Steam. 

^^^Si  ^  (B     A     S     «     I      0«'iiig  to  deleotd  of  mecbankal 

I  il.    ^  I  I  coDBtrnctiuD,  or  lo  the  gtadual  wear 

auJ  abraaion  of  aurbeea  intended 
to  work  upon  each  otlier  ateam 
tight,  a  waste  of  ate&m  olWa  takes 
place.  This  can  odIj  bo  remedied 
b;  repaira ;  but  tbers  Is  asolJiiT 
fertile  source  of  -waste,  vhich  li  ia 
grent  measure  nuder  the  iinmi-liat* 
control  of  tba  oagine-driTer,  —  llie 
loss  of  Bteam  hlovn  off  throagh  tbo 
enfetj  Talres  when  the  eDgins  is 
either  standing  or  workiag.  To 
gira  an  idea  of  the  loos  that  maf 
be  Btutained  is  this  way,  the  fol' 
luviliig  i^iptriments,  made  oa  ths 
LiitrjKwl  juiil  Mancli.-ttcr  Bailwa; 
in  August,  1839,  ma;  be  cited. 

Puur  «agises  in  good  working 
order,  viz.  the  'Bapid'  and 
■  Leopard '  pasaeDger  engines,  and 
tlie    'lion'  and     UamiU'iiL      log- 
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gage  Liiames,  ' 
during  a  da^s  work  of  each,  as 
engaged  in  the  ordinarj  traffic  of 
ll,...  lliit.  nil  i..irlj^:uinri  of  their 
service  were  noted  down  :  the  lioM 
in  motion, — the  time  at  rest  nndcr 
uteam, — the  times  of  lighting  and 
ivild^uisliing  tlie  flras, — the  eokt 
delivereil  tbroughiral  tie  daj. — 
the  waste  cuke  thrown  a^ide  ai 
uselHH, — the  ashes  laken  out  at 
night. 

Tho  reaolta  of  these  eip«rimenU 
are  ciudi^used  luUi  the  Mmeied 
Table,  the  consumption  of  fad  betof 
reduced  t«  a  mileage  rate. 

Bj  this  rucount  it  is  B«en,  tbat 
under  circumstances  in  wbicb  more 
tliAn  ordinary  euro  was  token  in  (fae 
nnrkiug  iif  the  Snginta,  the  waste 
of  coke  going  on  whilst  the  sngin« 
were  at  rest  aTciaged  aboat  SO  Iba. 
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The  trial  led  to  a  few  simple  regolations,  which  resulted  in  efifecting  the  saying  of 
nearly  the  entire  qoantitj  of  fuel  consamed  whilst  the  engines  were  standing.  These 
were  aa  follows  ;  as  the  engine  approached  the  end  of  its  journey,  the  fire  in  the  fire- 
box and  the  water  in  the  boiler  were  allowed  to  run  low.  Before  reaching  the 
station,  the  feed-pumps  were  put  on  and  the  boiler  filled  up  with  water  from  the 
tender,  the  water  being  of  course  comparatively  cold  ;  after  the  fire-man  had  cleaned 
his  bars  and  picked  the  tubes,  the  fire-place  was  filled  up  with  cold  coke  :  a  damper 
was  placed  07er  the  mouth  of  the  chimney,  and  the  engine  remained  in  this  condition 
until  the  time  of  starting  on  its  next  journey.  By  this  time  the  coke  had  become 
ignited  throughout ;  the  water  had  been  raised  to  the  boiling  i>oint,  and  if  any  steam 
had  been  generated,  it  was  turned  into  the  tender  tank,  to  warm  the  feed  water. 
Thus  the  heat  produced  during  the  interval  of  rest  was  turned  to  full  account,  and 
made  to  tell  directly  upon  the  work  of  the  succeeding  journey. 

II.  Loss  from  Hesiatanecs  against  the  Pistoi^  produced  hy  imperfect  Action  of  the 

Valves, 

This  is  a  branch  of  the  subject  deserving  especial  consideration.  Its  importance, 
as  referring  to  the  economical  working  of  steam  engines,  may  be  profitably  illustrated 
by  a  brief  historical  account  of  the  consecutive  alterations  and  improvements  in  the 
valve  aiTangements  and  mechanism  of  the  locomotive  engines  of  the  Liverpool  and 
Manchester  Railway,  and  of  the  results  produced  in  the  saving  of  fuel. 

It  may  be  premised  that  the  same  principles  have  their  application  not  only  to  the 
engines  of  other  railways,  making  due  allowances  for  difference  in  the  gradients  and 
difference  in  the  loads  and  dimensions  of  engines,  and  difference  of  speed,  but  ahto  to 
fixed  engines  in  general.  In  fact,  they  have  been  applied  to  the  fixed  engines  of  the 
Liverpool  and  Manchester  Railway  with  parallel  advantageous  results. 

The  history  of  the  Liverpool  and  Manchester  locomotive  engines  may,  in  reference 
to  economy  in  working  them,  (for  the  sake  of  convenient  classification)  be  divided 
into  two  periods  ;  the  first  a  period  of  increasing,  the  second  a  period  of  decreasing 
consumption,  as  respects  the  article  of  fuel.  Brief  allusion  may  be  made  to  the  events 
of  both  periods,  and  a  reference  to  the  causes  which  retarded,  as  well  as  to  those 
which  accelerated,  improvement. 

During  the  first  few  years  after  the  opening  of  the  railway,  the  class  of  improve- 
ments comprising  the  gradual  enlargement  of  dimensions  as  necessary  for  maintaining 
higher  rates  of  speed,  and  the  transport  of  heavy  loads, — the  better  disposition  and 
proportionment  of  the  component  parts,  and  selection  of  suitable  materials  capable  of 
resisting  heavy  strains,  and  various  other  causes  of  derangement  and  decay,  demanded, 
in  consequence  of  their  direct  influence  upon  the  trafiic  of  the  Company,  unremitting 
attention.  The  necessity  of  securing  regularity  in  the  transport  of  trains,  whether  of 
passengers  or  goods,  was  pressing  and  paramount,  and  afforded  sufficient  materials  for 
thought  and  experiment.  It  is,  therefore,  a  source  of  less  surprise  than  regret  that 
little  progress  should  have  been  made  in  diminishing  the  consumption  of  fueL  Trials 
of  the  consumption  of  different  engines  of  similar  size  and  power  were  made  from 
time  to  time ;  and  these  agreeing  pretty  closely  together,  served  to  lull  suspicion  of 
unnecessary  waste  of  fuel.  As  the  engines  increased  in  dimensions,  the  consumption 
of  fuel  increased  also,  which  was  considered  a  natural  and  inevitable  consequence  of 
the  exertion  of  increased  i)ower. 

The  adoption,  in  1836,  for  the  passenger  traffic,  of  what  were  termed  short-stroked 
engines,  was  attended  with  the  establishment  of  a  quicker  rate  of  travelling  than  had 
before  been  known  on  the  line,  but^  unfortunately,  also  with  an  extravagant  increase 
in  consumption  of  coke.    This  was  erroneoufily  referred  to  the  mechanical  disadvantage 
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of  the  short  stroke,  an  explanation  wbich  for  a  time  was  deemed  satisfactory.  Atten- 
tion was  directed  to  schemes  of  smoke- burning,  by  which  the  use  of  coal,  as  a  maeh 
cheaper  fuel  than  ooke,  might  be  rendered  possible.  In  1836  the  '  Lirer '  was  fitted 
up  for  burning  coal,  but  proved  a  failure  ;  and  subsequently  one  or  two  engines  were 
tried  with  about  equal  success.  Hitherto  all  the  engines  had  been  furnished  with  the 
slide  Talve  ordinarily  used  in  high-pressure  engines,  the  mode  of  operation  of  which 
is  well  known  to  every  practical  mechanic.  It  will  be  remembered,  that  the  open* 
tions  of  admitting  the  fresh  steam  and  releasing  the  waste  steam  are  alternately  per- 
formed by  the  same  valve  and  by  the  same  motion.  The  valve  being  made  to  alidt 
backwards  and  forwards  upon  the  face  of  the  ports,  opens  and  closes  the  several 
passages  in  their  turn.  The  two  extreme  ones,  termed  steam  ports,  oommonioate 
with  either  end  of  the  cylinder.  The  middle  one  is  termed  the  exhaosting  port,  and 
its  corresponding  passage  terminates  in  a  pipe  open  to  the  atmosphere  and  carried 
into  the  chimney.  Steam  is  admitted  freely  into  the  steam  chest  from  the  boiler. 
The  valve  is  made  of  sufficient  length  to  cover,  when  placed  in  the  centre  of  the 
stroke,  all  the  ports.  In  this  position  no  steam  can  enter  the  cylinder ;  bat  as  the 
valve  moves  on,  one  of  the  ports  opens,  and  the  arrangement  of  the  valye  gearing  is 
such,  that  when  the  piston  is  ready  to  begin  its  stroke,  the  steam  port  hegim  to  open. 
During  the  forward  progress  of  the  piston,  the  valve  not  only  travels  to  the  end  <^ 
the  stroke,  but  returns  to  the  point  from  whence  it  set  out.  Its  continued  motion  in 
the  same  direction  finally  closes  the  valve,  and  prevents  any  further  admission  of 
steam.  The  steam  has  now  done  its  work,  and  must  be  removed.  In  the  middle  of 
the  valve  a  hollow  chamber  is  formed,  of  sufficient  length  to  span  between  the  ports. 
As  soon  as  the  edge  of  this  chamber  passes  the  edge  of  the  steam  port,  the  pent-np 
steam  finds  vent,  and,  rushing  through  the  chamber  into  the  exhausting  pasiage* 
escapes  into  the  chimney. 

This  was  the  valve  used  on  the  Liverpool  and  Manchester  Railway  until  the  year  1838, 
and  also  in  the  engines  of  other  lines  of  railway  at  that  time.  It  will  be  observed 
that  the  exhausting  port  opens  when  the  steam -port  closes,  and  both  events  happen  as 
nearly  as  may  be  at  the  end  of  the  stroke.  The  perfection  of  a  slide-valve  oonsisti^ 
other  things  being  supposed  equal,  in  the  degree  of  nicety  with  which  its  motion  is 
timed,  relatively  to  the  motion  of  the  piston.  The  functions  of  the  piston  are  abso- 
lutely dependent  upon  the  proper  timing  of  the  admission  and  release  of  the  steam. 
A  most  slight  and  apparently  trifling  error  in  the  adjustment  produces  a  most  serious 
effect  upon  the  consumption  of  fuel. 

If  from  any  cause  the  valve  should  open  to  admit  steam  for  a  fresh  stroke  before  the 
preceding  stroke  is  finished,  it  opens  too  soon,  and  an  unnecessary  resistance  to  the 
piston  is  produced. 

If,  on  the  other  hand,  the  valve  should  delay  its  opening  until  the  piston  has  begun 
to  return,  it  opens  too  late,  because  then  the  steam  has  uselessly  to  fill  the  space  left 
vacant.  Hence  a  waste  of  steam  and  loss  of  power.  As  far,  then,  as  the  admissbn 
of  steam  is  concerned,  it  is  a  necessary  condition  that  the  steam -ports  should  opra 
neither  before  nor  after,  but  at  the  precise  moment  when  the  stroke  oommenoes. 
Some  engineers,  indeed,  have  recommended  giving  the  valve  '  lead,*  as  it  is  termed, 
— that  is  to  say,  setting  it  so  as  to  open  a  little  before  the  completion  of  the  forgoing 
stroke ;  but  it  seems  very  questionable  whether  advantage  is  gained  by  doing  so, 
excepting  to  the  extent  that  may  bo  necessary  to  compensate  for  any  slackness  in  the 
parts  of  the  valve  gearing,  or  for  their  expansion  when  hot,  and  about  one-sixteenth 
of  an  inch  may  be  considered  sufficient  for  this  purpose  in  a  well-constructed  engine. 

This  valve  satisfies  the  conditions  required  in  the  admission  of  steam.  It  opens 
exactly  at  the  right  time.     The  steam  begins  to  enter  as  the  piston  begins  to  more, 
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and  follows  it  steadily  and  effectiTely  throughout  its  course.  Whatever  time  the 
piston  takes  for  its  journey,  the  steam  is  allowed  as  much  time  to  follow  it  At  first 
the  opening  is  small,  but  then  the  motion  of  the  piston  is  comparatively  slow,  and 
therefore  the  supply  keeps  pace  with  the  demand.  As  respects  the  release  of  the 
steam  when  the  stroke  has  been  completed,  the  performance  of  this  yalre  is  alto- 
gether unsatisfactory  ;  and  here  lurks  the  cause  of  the  difference  in  the  performances 
of  the  old  and  the  later  engines  of  the  Company. 

Bat  it  might  be  said,  the  release  does  appear  to  take  place  at  the  right  time, 
because  it  occurs  just  when  the  piston  has  finished  the  stroke,  and  if  it  were  to  occur 
before^  a  loss  of  power  would  ensue.  This  is  a  plausible  view  of  the  case,  and  one 
which  undoubtedly  delayed  for  years  the  saving  of  fuel  which  has  since  been  effected. 
Sufficient  attention  was  not  bestowed  upon  the  processes  going  on  in  the  interior  of  the 
cylinder,  or  upon  the  facts  which  might  have  indicated  them.  Alternately  to  fill  and 
empty  the  cylinder  of  its  contents  are  operations  requiring  time.  The  time  allowed 
for  the  first  operation,— that  of  filling  the  cylinder  with  steam, — necessarily  corre- 
sponds with  the  duration  of  the  stroke,  whatCTcr  its  duration  may  be.  Bat  this 
oannot  be  the  case  as  regards  the  second  operation— the  emptying  of  the  cylinder. 
This  ought  to  be  performed  in  an  instant,  in  the  minutest  fraction  of  the  duration  of 
the  stroke,  otherwise  the  steam  continues  pent  up  when  it  ought  to  be  liberated,  when 
it  ought  to  assume  its  minimum  pressure, — tIz.,  the  pressure  of  the  atmosphere, — 
and  exerts  an  injurious  coanter-pressure  against  the  piston,  tending  to  increase  the 
resistance  to  be  overcome.  To  effect  the  free  and  rapid  discharge,  it  is  necessary  not 
merely  to  open  the  communication  to  the  exhausting  pipe,  but  to  open  a  wide  passage, 
and  to  have  this  done  by  the  time  the  piston  recommences  its  motion.  The  valve 
alluded  to  cannot  accomplish  this.  Its  motion  is  gradual,  not  instantaneous. 
The  passage  only  begins  to  open  when  the  piston  is  on  the  turn,  and  is  not  wide  open 
until  the  piston  has  travelled  through  one-tenth  of  its  entire  stroke.  The  steam  in 
the  cylinder  is  consequently  restrained  from  escaping,  being  wire*drawn  in  the  passage 
out^  and  consequently  takes  considerable  time  to  assume  the  pressure  of  the  atmo- 
sphere. In  the  meanwhile  the  new  stroke  has  began,  and  been  partially  completed  ; 
and  so  far  the  piston  has  had  to  contend  with  a  resistance  altogether  illegitimate — a 
resistance  which  in  many  cases,  and  especially  at  high  speeds,  has  been  nearly  equal 
to  all  the  other  resistances  put  together.  In  the  year  183S,  as  above  mentioned,  the 
extent  of  the  disease  was  first  suspected,  and  a  remedy  attempted.  It  had  before 
been  observed  that  the  giving  of  an  engine  *  lead  *  tended  to  improvo  its  speed  when 
travelling,  already  at  a  high  speed,  and  with  a  light  load.  The  circumstance  was 
attributed  to  the  opening  of  the  steam-port  being  wide  at  the  time  of  commencing  the 
stroke,  thereby  increasing  the  facility  for  the  entrance  of  the  steam  in  following  up  the 
piston.  Its  true  explanation  was  found  to  be  the  earlier  release  of  the  waste  steam, 
and  consequent  diminution  of  resistance.  As  sometimes  three-eighths  of  an  inch,  or 
even  half  an  inch,  '  lead  *  was  given  in  passenger  engines,  it  was  decided  to  try  the 
effect  of  opening  the  exhausting  passage  earlier  by  the  same  amount,  whilst  the  steam- 
port  should  still  be  made  to  open  only  at  the  turn  of  the  stroke.  An  engine  called 
the  '  Lightning  *  was  chosen  for  the  experiment.  By  placing  the  valve  on  the  ports, 
so  as  to  allow  the  exhausting  passage  to  be  three-eighths  of  an  inch  open,  the  stcom-port 
would  be  at  the  same  time  a  quarter  of  an  inch  open.  This  space,  therefore,  was 
closed  by  adding  to  the  length  of  the  valve  at  each  end  a  quarter  of  an  inch.  The 
eccentric  was  of  course  shifted  on  the  axle  to  eorreepond  with  the  alteration,  and 
the  engine  with  the  altered  valve  was  again  set  to  work,  in  March,  1838.  The 
amount  by  which  the  valve  at  each  end  overlaps  the  steam-ports,  when  placed  exactly 
over  them,  is  technically  termed  the  'lap.'    The  lap  of  the   'Lightning's*  valve 
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being,  then,  three-eighths  of  an  inch,  the  exhausting  passage  was  abont  three- 
eighths  of  au  inch  open  when  the  stroke  was  finished.  This  engine  was  made  the 
subject  of  seyeral  experiments.  With  coach  trains,  the  saying  in  fuel  was  yerj  con- 
siderable ;  the  consumption,  whilst  running,  being  only  about  25  tts.  per  mile  with 
loads  of  5  to  8  coaches,  and  the  speed  was  considerably  improyed. 

It  here  becomes  necessary  to  refer  to  the  consumption  of  the  Liyerpool  and  Man- 
chester engines  before  and  at  the  time  we  speak  of,  in  order  to  form  a  jast  conception 
of  the  position  arrived  at.  The  amended  performance  of  the  'Lightning*  was 
little  better  than  the  best  performances  at  the  end  of  the  year  1830.  The  '  North 
Star,'  *  Phoenix,*  *  Arrow,*  and  *  Meteor,*  engines  of  that  period,  when  in  first- 
rate  condition,  and  expressly  put  upon  trial,  consumed  about  25  lbs.  per  mile  ;  bat 
this  was  with  loads  of  only  4  carriages,  and  at  a  yery  inferior  speed. 

Again,  in  June,  1832,  the  'Victory*  and  'Planet*  were  burning  abont  30 lbs. 
per  mile,  with  coach  trains.  In  1833  the  'Sun*  and  'Etna*  used  about  28 lbs. 
per  mile.  This  is  their  consumption  when  actually  running — i.e.,  their  net  con- 
sumption. 

The  experiments  of  M.  de  Paml)Our,  in  1834,  were  carefully  oonduoted,  and  may  be 
fully  relied  upon.  In  his  '  Treatise  on  Locomotlye  Engines*  (2nd  edition,  page  312, 
1840),  he  gives  a  table,  by  which  it  appears  that  the  best  performances  of  the  heat 
engines,  as  the  'Jupiter,*  was  26 '3  lbs.  of  coke  per  mile,  with  8  coaches,  at  24*58 
miles  per  hour  ;  and  the  best  performance  of  luggage  engines,  88  lbs.,  with  25 
waggons  (  =  120  tons),  at  17  miles  per  hour.  This  was  their  net  consumption.  The 
dbtinction  between  the  total  amount  of  fuel  consumed  by  any  engine,  and  the  fuel  it 
consumes  when  actually  running,  must  be  carefully  borne  in  mind.  It  will  be 
marked  by  the  terms  net  and  gross  consumption.  Coke  must  be  burnt  in  raising  the 
steam,  and  afterwards  in  keeping  it  up  during  the  intervals  of  rest,  which,  therefore, 
enters  into  the  gross  but  npt  into  the  net  consumption.  In  1836  and  1837  larger 
engines  were  gradually  introduced  to  replace  the  smaller  class,  which  had  become 
insufficient  for  maintaining  the  higher  rate  of  speed  then  demanded  ;  and  their 
increased  consumption  of  fuel  was  commensurate  with  their  increase  of  sixe. 

For  an  idea  of  the  general  effect  attendant  upon  their  introduction,  the  following 
table,  showing  the  coke  consumed  in  several  consecutive  years,  may  be  consulted  :-^ 

11,561  trips  in  1835  =     7,907  tons  coke  gross. 
12,063        „     1836  =     9,876  „ 

12,953        „     1837  =   10,816  ,, 

Thus,  during  three  years,  when  the  change  went  on,  although  the  work  done 
increased  only  in  the  proportion  of  100  to  112,  the  consumption  of  fuel  increased  in 
the  proportion  of  100  to  136,  without  any  material  difference  in  the  magnitude  of  the 
loads. 

In  1838  and  1839  the  average  consumption  attained  its  maximum,  being  about 
49  lbs.  per  mile  gross,  with  passenger  trains  averaging  7  coaches,  and  54  lbs.  per  mile 
with  luggage  trains  averaging  16  waggons. 

Forty  lbs.  net  consumption  with  coach  trains  was  moderate  for  such  an  engine  as 
the  'Lightning';  and  the  performance  of  the  'Lightning*  when  altered,  being 
under  30  lbs.  net,  was  naturally  considered  favourable.  This  result  was  eyidently 
obtained  from  the  earlier  exhaustion  of  the  steam ;  whereas,  previously,  the  opening 
of  the  exhaustion  passage  was  contemporaneous  with  the  termination  of  the  stroke^ 
now  it  took  place  before,  and  was  already  three-eighths  of  an  inch  open  at  the  end  of 
the  stroke.  A  portion  of  the  steam  could  by  that  time  escape,  and  the  back  pressure 
was  diminished.     The  yalves  of  two  engines  called  the  'Bapid*  and  'Arrow*  wei« 
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next  altered  to  haye  three-eighths  of  an  inch  lap — the  'Bapid*  in  January,  the 
'  Arrow '  in  June,  1839.  During  the  last  quarter  of  the  year  1839,  the  gross  con- 
sumption of  the  'Rapid*  was  36^  tbs.  per  mile,  and  that  of  the  'Arrow*  40 lbs. 
per  mile,  and  the  net  consumption  probably  about  30  and  33  lbs. 

*  Arrow  *  valve  with  ihree-eu/Juhs  of  an  inch  lap. 

Week  ending —  cwt.  qrs.  lbs. 

January  4,  1840—12  trips  of  30  miles     .     130     0    0 

„     11,     „   —12        „        „  .     127    2    0 


24  257    2    0 

cwt.  qrs.  fts. 
Consumption  per  trip         •        .        .        .     10    2    25         lbs. 

})  n  mile 40'1 

VoUve  with  three-fourths  of  an  inch  lap. 

Weekending—  cwt.  qrs.  lbs. 

February  9,  1840—10  trips  of  80  miles     .     88     3    0 

March  7,     „   —  8        ,,         „  .     71     1     0 

21,     „  —14        „         „  .  118     8    0 

28,     „  —16        „        „  .  137    2    0 


48  416    1     0 

cwt.  qrs.  lbs. 
Consumption  per  trip  •        .        .        .       8    2    19 


>» 


„   mile 32*4 


Difference 7*7 

Here  was  a  confirmation  of  the  principle  first  recognised  in  the  case  of  the  '  Light- 
ning ;*  and  it  became  a  question  how  far  this  principle  might  be  adTantageousIy 
carried  out,  and  whether  the  exhaustion  might  not  be  made  to  take  place  still  earlier. 
This  could  not  be  accomplished  without  at  the  same  time  cutting  off  the  steam 
earlier  ;  or,  in  other  words,  by  virtually  shortening  the  stroke.  The  fear  of  impair- 
ing the  power  of  the  engine  at  first  deterred  from  Tenturing  the  experiment ;  but  at 
length  a  trial  was  made  in  the  'Arrow,*  whose  valve  was  altered  to  have  Jths  of  an 
inch  instead  of  fths  of  an  inch  lap  at  each  end.  Since  the  travel  of  the  valve 
remained  as  before,  the  valves  did  not  open  quite  full  port,  but  only  Jths  of  an  inch. 
In  February,  1840,  the  alteration  was  effected,  and  an  immediate  reduction  of  nearly 
8  lbs.  i>er  mile  was  the  result.  The  gross  consumption  of  this  engine,  with  coach 
trains,  was  40*1  lbs.  before  the  alteration;  it  was  only  32*4  lbs.  after  it.  A  saving  of 
20  per  cent,  had  been  effected  :  but,  at  the  same  time,  no  injurious  effect  was  observed 
upon  the  power,  but  rather  the  reverse. 

An  invention,  which  was  made  a  little  before  the  time  we  now  speak  of,  tended 
more  completely  than  anything  had  hitherto  done  to  shew  the  impossibility  of  fixing 
any  ultimate  determinate  standard  of  consumption,  and  consequently  gave  a  consider- 
able impulse  to  the  further  improvement  of  the  engines.  This  was  the  patent 
expansive  valve  gearing  of  Mr.  John  Gray,  as  applied  to  the  'Cyclops,*  an  engine  of 
the  same  dimensions  and  make  as  the  '  Lightning.* 

This  engine  underwent  a  thorough  repair  in  the  summer  of  1839  ;  and  in  October, 
soon  after  it  came  out,  was  made  the  subject  of  an  extensive  series  of  experiments. 

The  alteration  consisted  in  the  adaptation  of  particular  mechanism  for  working  the 
valves,  whereby  the  engine-man  was  enabled,  without  disturbing  the  regulator,  to  vary 
at  pleasure  the  quantity  of  steam  admitted  into  the  cylinder  within  the  limits  of  a  range 
YOL.  ui.  L  L 
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extending  from  4  C  to  82  per  cent,  of  tlie  length  of  the  stroke,  allowing  the  BfcMm  to 
act  expansively  after  being  cnt  off. 

The  advantages  propoEcd  to  Le  attained  by  the  arrangement  were,  to  aeeommodate 
the  power  of  the  engine  to  the  load  to  be  conyeyed,  and  to  the  inclinations  of  the 
road ;  to  establish,  in  fact,  a  property  of  adjustment,  by  the  aid  of  which  an  engine, 
constructed  for  the  transport  of  very  heavy  loads,  might  be  adapted  to  the  exigencies 
of  an  irregular  and  uncertain  traffic,  without  entailing  any  unnecessary  expenditure  of 
fuel. 

The  conclusion  arrived  at  upon  completing  the  exx>eriments  was,  that  a  aaving 
of  at  least  12  per  cent,  in  fuel  over  the  best  engines  had  been  effected  by  the  appli- 
cation of  the  new  gearing,  without  occasioning  any  diminution  in  the  speed  of 
travelling. 

Its  net  consumption  was  22. J  IT)S.  per  mile  ;  its  gross  consumption  28 J  lbs.  per 
mile  with  loads  of  seven  coaches. 

This,  though  little  better  than  the  performance  of  the  'Arrow,'  in  Blarch,  1840, 
was,  it  will  be  remembered,  accomplished  four  or  five  months  before,  and  was,  in  &ct, 
the  cause  of  a  keener  prosecution  of  the  trials  w^ith  different  valves. 

Whether  or  not  tbe  favourable  results  of  the  '  Cyclops'  were  actually  due  to  using 
steam  expansively,  is  a  point  upon  which  engineers  may  not  perhaps  be  agreed  ;  but 
the  subseriaent  history  of  the  locomotive  engine  has  made  it  apparent  that  the 
expansive  action  only  partially  contributed  to  the  success  of  the  experiment. 

In  Mr.  Gniy's  apparatus  tbe  time  of  closing  the  steam  port  was  made  to  vary  by 
altering  the  length  of  the  travel  of  the  valve,  aiid  a  simultaneous  adjustment  of  the  posi- 
tion of  the  valve  on  the  ports  took  place  to  suit  the  altered  travel,  making  the  yalve  still 
to  open  at  the  right  time.     The  old  valve  would  not  have  been  applicable^  nor  have 
fulfilled  the  specified  conditions  ;  for,  bearing  in  mind  that  in  any  case  the  steam 
port  is  to  open  when  the  stroke  of  the  piston  commences,  and  that  the  old  ralve  was 
scarcely  longer  than  was  just  sufficient  to  cover  both  steam  ports,  it  is  evident  that  an 
alteration  merely  in  the  travel  of  the  valve  would  not  have  allowed  the  steam  to  act 
expansively,  since  the  steam  can  only  so  act  when  both  steam  ports  are  closed  ;  that  Is, 
whilst  the  valve  is  travelling  through  a  space  equal  to  the  length  of  the  external  lap, 
l)lus  that  of  the  bternal  (  =  2  inch  +  »  inch  =  l}  inch  in  the  case  of  the  'GTydops'}. 
Therefore  lap  wjis  given  to  the  valve  both  internally  and  externally;  internally,  to  delay 
the  opening  of  the  exhausting  {Kussagc ;  externally,  that  time  might  intervene  between 
the  operations  of  exhausting  the  waste  and  admitting  the  fresh  steam. 

And  inasmuch  as  the  external  lap  exceeded  the  internal,  by  so  much  the  arrange- 
ments resembled,  and  in  fact  partook  of  the  principle  of  the  ykIvq  of  the  'Kapid*  and 
'Arrow,*  the  result  of  their  difference  being,  that  the  exhausting  passage  was  half  an 
inch  open  at  the  end  of  the  stroke. 

To  this  principle,  viz.,  the  earlier  exhaustion  of  the  waste  steam,  and  to  the  higher 
pressure  of  steam  in  the  boiler,  maybe  ascribed  the  improvement  in  the  'Cyclops.' 
Whatever  benefit  may  have  been  derived  from  expansive  working  was,  to  a  conaider- 
able  extent,  neutralised  by  the  compression  of  the  waste  steam  left  in  the  cylinder 
after  the  closing  of  the  exhaustion  passage,  an  evil  which  increased  in  proportion  as 
the  steam  was  cut  off  earlier. 

The  next  important  improvement  in  the  valves  is  due  to  Mr.  Dewranoe,  and  was 
suggested  by  him  early  in  the  year  1810.  His  principle  was,  that  the  exhansting 
passage,  instead  of  being  only  partially  open  at  the  moment  of  completing  the  stroke, 
as  was  more  or  less  the  case  with  the  engines  before  named,  should  be  nearly  wide 
open,  which  was  to  bo  accomplished  by  making  the  '  lap '  of  the  valve  equal  to  the 
width  of  the  steam  port.    Moreover,  that  the  travel  of  the  valve  should  be  made  pro- 
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portionate  to  the  increased  lap,  so  as  to  allow  the  same  area  or  the  same  amount  of 
opening  of  the  steam  port  for  the  admission  of  steam.  This  latter  condition  was  not 
fully  obtained  in  the  instances  of  the  'Lightning/  'Arrow/  and  *Bapid.'  It 
weuld  at  least  have  involved  the  sacrifice  either  of  the  eccentrics  or  other  parts  of  the 
Talve-gearing,  in  order  to  obtain  the  additional  travel  of  the  valve,  and  perhaps 
might  hare  been  altogether  impossible  from  want  of  room*  in  the  Bteam*chest  itself. 
Therefore,  in  those  engines,  after  being  altered,  the  valves  did  not  open  so  wide 
as  before. 

A  favourable  opportonity  now  occurred  for  carrying  out  these  idcas^  both  as 
regarded  increased  lap  and  increased  travel,  from  the  circumstance  of  two  engines 
requiring  extensive  repairs,  which  would  allow  time  for  the  needful  alterations. 

One  inch  lap  was  given  to  the  *  Eapid*s  *  valve,  which  was  now  made  to  travel 
4^  inches.  The  result  of  this  arrangement  was,  that  the  exhausting  passage  was  one 
inch  open  at  the  end  of  the  stroke,  and  that  supposing  the  stroke  of  the  piston 
divided  into  100  equal  parts,  the  steam  was  cut  off  at  79,  it  expanded  from  79  to  95  ; 
at  95  it  began  to  be  released,  and  was  escaping  into  the  atmosphere  from  95 
to  100. 

The  'Bapid's'  gross  average  consumption  of  coko,  when  running  sixty-four  trips 
of  thirty  miles  each  with  coach  trains,  before  the  alteration,  was  36*3  lbs.  per  mile  ; 
and  28 'G  lbs.  per  mile  immediately  after  the  alteration.  Thus  wc  have  a  measure  of 
the  effect  produced— a  saving  of  one-fourth  of  the  fuel. 

It  had  become  a  question  whether  the  Company  shall  not  proceed  to  adapt  the 
expansive-gearing  to  more  of  their  engines  ;  but  on  engine  having  now  been  made  to 
rival  the  *  Cyclops,'  without  in  any  degree  increasing  the  complexity  of  the  gearing, 
it  was  considered  more  desirable  to  delay  proceedings  until  the  simpler  method  was 
fully  tested  by  numerous  experiments. 

To  accomplish  this  in  the  then  existing  engines  was  found  to  be  no  easy  task  ;  for  on 
examination  it  was  discovered  that,  in  many  cases,  there  was  no  room  in  the  steam- 
chest  for  valves  of  greater  lap  ;  in  others,  that  it  was  impossible  to  increase  the 
length  of  travel.  Therefore,  it  was  necessary  to  prepare,  in  the  first  instance,  for 
the  sacrifice  of  at  least  the  cylinders,  steam-chests,  working-gear,  and  inside  framing 
of  several  engines  then  needing  repair,  and  eventually,  as  resources  would  permit,  for 
replacing  the  Company^s  entire  stock  with  new  engines,  all  built  according  to  one 
model,  combining  the  latest  improyements  experience  hod  shown  worthy  of  in- 
troduction,  trusting  thai  the  saving  in  fuel,  and  in  the  general  expenses  of  repairs, 
would  speedily  repay  the  Company  for  the  immediate  sacrifice.  These  views  fortu- 
nately proved  to  be  well  founded.  The  loss  was  soon  recovered ;  for  the  saving  in 
the  cost  of  fuel  and  repairs  considerably  exceeded  the  outlay,  and  although  during  the 
years  1840,  1841,  1842,  the  Company  turned  out  from  their  workshops  twenty-foor 
new  engines  (the  cost  of  the  whole  being  debited  to  current  disbursements,  under  the 
head  of  *  Locomotive  power*),  and  broke  up  as  many  old  ones,  yet  at  the  same  time, 
the  total  expenses  of  the  locomotive  department  underwent  a  gradual  reduction  from 
51,580^  per  annum,  the  charge  in  1839,  to  25,732^.,  the  charge  in  1842. 

Some  engines,  such  as  the  'Vesta,'  'Swiftsure,'  'Phoenix,'  'Etna,'  'Bokeby,' 
'Meteor,'  and  'Sun,'  were  altered  at  a  trifling  expense,  so  as  to  approximate 
towards  the  improved  principle,  and  thus  tended  to  keep  down  the  consumption  of 
coke  whilst  more  perfect  engines  were  in  course  of  formation. 

The  '  York '  was  several  months  under  repair,  and  did  not  come  into  action 
untU  1841. 

Finally,  all  the  engines  belonging  to  [the  Company  were  furnished  with  the  im- 
proved valve,  answering  to  the  '  Bapids,'  the  lap  being  1  inch,  the  travel  4  inches, 

ll2 
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the  ports  1 J  iucli  wide.  In  caKtiug  uew  cylinders,  great  care  was  of  course  taken  to 
enlarge  the  area  of  the  pa  "usages  of  cxhauHtlon,  most  of  tbo  older  engines  haying  been 
too  much  contracted  at  this  pait.  Attention  to  this  point  exercised  a  farther 
beneficial  efl'eet  in  saving  fuel. 

Every  ste]j  towards  increasing  the  '  lap  *  was  found  to  conduce  to  the  good  working 
of  the  engine.  The  waste  steam  was  no  longer  choked  up  in  the  cylinder ;  its  pre- 
judicial resistance  was  removed,  and,  in  consequence,  a  much  less  quantity  of  steam 
and  fuel  sufficed  to  do  the  same  useful  work.  As  a  further  consequence,  the  area  of 
the  bList  pipe  could  be  enlarged  without  risk  of  a  deficiency  of  steam,  the  ooke  was 
no  longer  chafed  by  the  violence  of  the  draft,  and  the  fire-bars  could  be  placed  closer 
together,  to  diminish  the  loss  of  fuel  dropping  between  them. 

Having  considered  the  effects  of  the  old  and  the  new  yalve  with  reference  to  the 
motion  of  the  piston,  it  may  be  interesting  also  to  compare  the  times  allowed  in  either 
case  for  the  performance  of  the  function  of  releasing  the  steam,  as  by  so  doing  wc  maj 
gain  a  clearer  conception  of  the  difierence  subsisting  between  them. 

Sup|)Osing  the  velocity  of  the  engine  to  be  uniform,  the  angular  velocity  of  the  crank 
is  uniform  also.  Haifa  revolution  of  the  crank,  equal  to  180^  corresponds  with  one 
stroke  of  the  piston.  Let  us  assume  the  stroke,  or,  which  is  the  same  thing,  a  half 
revolution  of  the  crank,  to  be  accomplished  in  a  unit  of  time. 

We  shall  find  as  a  matter  of  fact,  from  the  known  relative  motion  of  the  crank  and 

piston  rod,  that  the  angular  motion  of  the  crank  from  the  initial  or  dead  point  has 

been  as  follows,  up  to  the  moment  when  the  exhaustion  passage  begins  to  open,  the 

valve  bebg  set  without  lead. 

Angular  motion  of  crank  Remaining  to  bo 

frum  dead  point.  pamed  over. 

Valve  with  0  inch  lap  .        .         .         .     0'  to  180*    .     .  .        .0* 

„             g           , 0*  to  165*    .         .  .     .     16' 

„             J           „    .         .        .         .     0*tol68'    .     .  .        .22" 

„             1           „       .        .        .     .     0' to  153°    .        .  .     .     27* 

Therefore  the  times  arc  as 

1%  corresponding  with Old  Talre, 

&          y^                             Lightning's, 

fjSj          >»                        Arrow's, 

a          »»                           New  valve, 

or  as  the  numbers  0,  15,  22,  27  which  represent  the  relative  times  allowed  for 
performing  the  release  of  the  steam  by  the  four  different  valves. 

There  is  of  course  a  limit  to  the  application  of  this  principle.  The  time  guned  for 
exhaustion  is  time  lost,  as  regards  the  application  of  the  power  of  the  steam  :  in  other 
words,  the  sooner  wc  begin  to  exhaust,  the  sooner  we  must  cat  off  the  steam,  the 
more  we  must  reduce  the  length  of  the  effective  stroke. 

Finally,  a  point  is  arrived  at  where  the  loss  of  power  from  earlier  cutting  off  is 
equalled  by  the  illegitimate  resistance  of  back  pressure  removed,  and  np  to  this  point 
we  cannot  do  wrong  in  going ;  for  then,  without  impairing  the  nsefnl  power  of  the 
engine,  we  arc  saving  all  the  fuel  necessary  to  overcome  what  would  otherwise  be 
back  pressure.  In  practice  it  is  found,  that  under  an  equal  pressure  of  steam  the  one 
inch  lap  does  not  impair,  but  rather  improves  the  tractive  power  of  an  engine  when 
travelling  with  a  maximum  load,  and  not  more,  therefore,  with  any  load  short  of  the 
maximum. 

III.  Loss  from  Hesistance  of  Atmosphere  against  the  Piston, 
This  is  a  loss  incidental  to  all  forms  of  the  non-condensing  engine ;  but  its  amount 
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varies  reUktiyely  to  the  nsefal  effect  prodaced,  according  to  circomstanoeB  orer  which 
the  engineer  has  in  some  measure  a  control,  and  it  rests  with  him  so  to  proportion  the 
dimensions  of  the  cylinder,  and  the  speed  of  the  piston  to  the  resistance  required  to 
be  OTercome,  as  to  render  the  loss  the  least  possible. 

After  the  exhausting  passage  has  been  fully  opened,  and  before  the  piston  begins 
its  stroke  anew,  the  cylinder,  being  now  open  to  the  atmosphere,  is  filled  with  steam 
equal,  at  least,  to  the  pressure  of  the  atmosphere ;  which  pressure  therefore  has  now 
to  be  driyen  before  the  piston.  The  quantity  of  steam  expended  in  neutralising  the 
pressure  of  the  atmosphere  for  one  stroke  of  the  piston  is  a  volume  equal  to  the  con- 
tents of  the  cylinder  at  a  density  corresponding  with  the  pressure  of  14 '7  lbs.  per 
square  inch,  and  the  volume  of  water  necessary  for  producing  it  is  equal  to  ir^th 
part  of  the  volume  of  such  steam. 

The  evaporating  power  of  any  given  boiler  being  limited,  it  is  easy  to  see  that  the 
area  of  the  piston  and  the  velocity  of  its  motion  must  bear  a  direct  reference  to  the 
rate  of  evaporation  ;  for  otherwise  a  result  ranging  between  the  two  following  extreme 
cases  may  occur  :  either  the  volume  measured  out  by  the  pistons  in  a  given  time  may 
be  smaller  than  the  boiler  is  competent  to  fill  with  steam  of  the  requisite  density,—- in 
which  case  the  pressure  in  the  boiler  will  increase,  and  the  excess  of  steam  will  escape 
through  the  safety  valves, — or  the  volume  measured  out  by  the  pistons  in  a  given 
time  may  be  so  great  as  to  reduce  the  pressure  until  it  scarcely  exceeds  that  of  the 
atmosphere  ;  in  which  case  the  force  of  the  steam  generated  is  nearly  wholly  absorbed 
in  overcoming  the  atmospheric  pressure  on  the  pistons. 

In  fixed  engines,  working  as  they  generally  do  under  nearly  constant  loads  at  nearly 
uniform  velocities,  the  relation  between  useful  effect  obtained  and  the  work  expended 
in  neutralising  the  pressure  of  the  atmosphere,  seldom  varies,  at  least  not  sufficiently 
BO  to  attract  attention  ;  but  iu  locomotive  engines  the  tendencies  towards  the  above- 
mentioned  extremes  are  more  strongly  marked,  in  consequence  of  the  great  variation 
in  load  and  speed  to  which  they  are  constantly  subject. 

In  any  non-condensing  engine  we  may  conceive  the  duty  of  the  water  evaporated, 
and  therefore  of  the  fuel  which  produces  the  evaporation,  taken  irrespective  of  waste, 
as  divided  into  two  i>arts,  one  of  which  is  constant  for  equal  spaces  traversed  by  tho 
piston  or  by  the  engine,  the  other  variable  and  dependent  upon  the  load. 

If  we  take  as  an  example  the  Liverpool  and  Manchester  passenger  engine  of  1840 
to  1845,  with  12-inch  cylinders,  18-inch  stroke,  and  5-feet  wheels,  and  take  one  mile 
as  the  unit  of  distance  traversed,  we  find  the  volume  of  steam  expelled  to  bo 

336  revolutions  x  4  cylinders  full  x  1*162  cube  feet  =  1562  cube  feet  per  mile. 

With  the  ordinary  loads  of  say  seven  or  eight  coaches,  about  15  lbs.  of  coke  are  con- 
sumed, and  (15  x  71)  112  lbs.  of  water.  112  lbs.  of  water  converted  into  1562  cube 
feet  of  steam  has  its  volume  increased  869  times,  which  ans^'crs  to  a  pressure  of 
30*5  lT>s.  per  square  inch  as  the  average  total  force  applied  to  the  piston.  Of  this 
total  force  14*7  lbs.  are  expended  in  neutralising  atmospheric  pressure,  and  the 
remainder  only  to  overcoming  the  external  resistances  of  the  engine  and  train.  Here 
loss  from  pressure  of  the  atmosphere  is  as  great  as  the  useful  effect. 

Apply  the  same  engine  to  the  conveyance  of  a  heavier  load,  say  a  luggage  train  of 
100  tons  :  the  consumption  of  water  now  becomes  150  lbs.  per  mile  Instead  of  112  lbs. 
as  before,  with  the  lighter  load  ;  but  the  steam  used  in  overcoming  atmos])heric 
pressure  is  the  same. 

The  relation  between  the  total  work  of  the  steam  and  the  useful  effect  has  therefore 
changed  from  the  ratio  of 

100  :  50  in  tho  1st  case,  to  that  of 
100  :  62  in  the  2nd  case. 
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Suppose  the  area  of  ihe  cylinden  of  Uie  same  engine  reduced  to  half  their  original 
Bize,  all  other  parts  remaining  the  same,  but  the  working  pressure  increased  to  make 
up  for  the  reduction  of  area  ;  then  the  loads  bebg  as  before,  the  relation  of  total  work 

to  useful  work  will  be  as  the  ratios 

100  :  to  74  in  the  1st  ease, 
100  :  80  in  the  2nd  case, 

which  is  equivalent  to  a  gain  of  about  20  per  cent.  ;  or  if  wc  suppofiO  the  area  of  the 
cylinders  to  be  donlkdj  the  ratios  would  become  as 

100  :  0  in  the  1st  case, 

indicating  that  no  useful  effect  is  obtained,  and  that  the  whole  of  the  steam  is  api>lied 
to  the  neutralising  atmospheric  pressure,  and  as 

100  :2i  in  the  2nd  case. 

The  practical  considerations  which  limit  and  determine  the  proper  proportions  of 
the  cylinder  and  wheels  arc  chiefly  these  : — 1st,  The  most  oonvcnient  maximum 
working  pressure,  haying  due  regard  to  safety ;  2nd,  The  maximum  resistance  to  be 
encountered  by  the  engine,  say  at  starting  or  at  any  stage  of  its  journey  ;  3rd,  The 
sur])lufl  power  in  excess  of  maximum  resistance,  as  necessary  for  obtaining  a  sufficient!/ 
rapid  acceleration  of  speed  after  stalling  a  train. 

The  evaporating  power  of  the  boiler  must  necessarily  be  a  function  of  the  speed  to 
be  maintained  under  the  conditions  of  the  average  resistance. 

In  engines  of  different  proportions,  the  ^*  constant  *'  consumption  of  water  and  fai'l 
will  vary  directly  as  the  square  of  the  diameter  of  the  cylinder,  directly  as  the  length 
of  stroke,  and  inversely  as  the  diameter  of  the  driving  wheels  :  in  other  words,  it  will 
be  proportional  to  the  volumes  of  steam  measured  off  by  the  cylinders  in  traversing 
the  same  unit  of  distance. 

Computing  the  **  constant"  consumption  for  three  sizes  of  engine^  viz., 

Ko.  1.  The  Liverpool  and  Manchester  ) 

passenger  engine,  above  re- >  12"  cylinder,  18'' stroke,  5'fl.  wLeel% 
ferred  to,    •        .        .        .  ] 

No.  2.  The  larger  and  standard  size 

ham,  and  Manchester, . 

No.  3.  The   Great    Western    Railway 

passenger     engine,     *  Great  ^  18"  cylinder,  24"  stroke,  S-fU  wheels, 
Britain,'      ,         .         ,         ,  * 

we  liavc 

No.  1,  consuming  57 '20  lbs.  of  water  per  mile,  and   7*63  &».  of  coke  per  mile, 


No.  2, 

)) 

82-83 

)f 

)> 

11-04 

t> 

No.  8, 

i) 

107-30 

t* 

tt 

14-31 

tt 

(allowing  7  J  lbs.*  water  to  1  lb.  coke),  before  any  effective  work  can  be  obtained  from 
the  steam. 

It  would  be  impos.sible  to  prescribe  any  general  solution  of  the  problem  of  the 
proportions  of  the  cylinders  and  driving  wheels  of  engines,  seeing  that  very  various 
and  complicated  considerations  are  involved,  referring  to  conditions  imposed  by  the 


•  t.  e.  7i  Its.  of  water  evaporated  from  say  60'  F. 
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natare  and  amount  of  tlie  traffic ;  as,  for  example,  the  extent  to  which  it  mnst  be 
subdivided  into  individual  trains, — the  speed  at  which  it  has  to  be  conreyed, — 
the  gradients  of  the  railway.  Nevertheless,  it  may  bo  borne  in  mind  that  the 
greater  tlie  pressure  at  which  the  steam  is  made  to  act  in  the  cylinders,  and 
the  smaller  the  volume  of  steam  emitted  on  the  journey,  the  greater  will  be  the 
saving  in  fuel. 

Generally  speaking,  the  pressure  of  steam  in  the  cylinder  is  much  below  the 
pressure  in  the  boiler  when  the  engine  is  travelling  at  a  high  speed. 

On  starting  a  train,  or  for  enabling  it  to  surmount  an  occasional  steep  inclination, 
it  is  most  desirable  to  have  large  cylinders,  to  gain  the  requisite  amount  of  power ; 
but  when  the  speed  has  been  attained,  or  the  incline  surmounted,  the  force  is 
reduced,  the  steam  becon^es  attenuated  in  the  cylinders,  and  the  large  cylinders 
are  the  direct  occasion  of  waste  of  fuel,  and  in  fact  prevent  the  attainment  of  as 
high  a  velocity  as  would  result  under  the  same  circumstances,  were  the  cylinders 
smaller. 

The  contrivance  of  some  easy  method  of  varying  the  power  of  an  engine  whilst  in 
motion  is  still  a  desideratum. 

In  one  way,  indeed,  this  is  alreaJy  in  many  instances  done  by  cutting  off  the  steam 
at  different  points  of  the  stroke,  and  working  expansively  ;  but  considering  the  com- 
paratively low  average  pressure  which  the  steam  assumes  in  the  cylinder  at  high 
speeds,  and  that  it  cannot  bo  allowed  to  expand  below  the  pressure  of  the  atmo- 
sphere,— also  that  the  last  atmosphere  remaining  in  the  cylinder  has  not  taken  any 
part  in  the  '^effective  "  duty  of  the  engine,  but  is,  so  to  speak,  thrown  away,  whether 
the  engine  is  worked  expansively  or  not, — it  seems  very  doubtful  in  theory,  and  the 
results  of  practice  would  seem  to  confirm  this  view,  whether  any  real  advantage  is 
gained  by  the  so-called  expansive  working. 

Some  simple  and  inexpensive  means  of  effecting  a  condensation  of  the  last  remain- 
ing atmosphere  of  steam,  reserving  the  excess  above  one  atmosphere  for  producing 
the  blast^  combined  with  the  means  of  working  expansively,  would  effect  all  that  is 
desired,  and  at  the  same  time  ];>ermit  a  reduction  in  the  size  and  weight  of  the  boiler 
and  engine. 

lY.  Lots  as  arising  from  imperfect  CondoiscUionj  and  from  heat  carried  offhy^  and 

not  recovered  from,  the  condensing  Water, 

In  the  condensing  engine,  the  heat  abstracted  from  the  steam  is  imparted  to  the 
{njection-water,  and  to  the  water  surrounding  the  condenser,  and  the  temperature  of 
the  condensing  water  is  elevated.  The  resistance  to  the  piston,  per  unit  of  surface, 
after  condensation  has  taken  place,  is  equal  to  the  tension  of  saturated  steam,  as 
answering  to  the  final  temperature  of  the  injection-water. 

At  a  temperature  60''  F.  the  force  of  vapour  is  0*26  lb.  per  square  inch. 
„  80**?.  „  „  0-50  lb.  „ 

„  100*'?.  „  „  0-93  lb.  „ 

„  120**  P.         „  „  1-65  lb.  „ 

„  140**  F.         „  ,,  2-88  lb.  „ 

In  condensing  a  c^ven  weight  of  steam,  the  greater  the  quantity  and  the  lower  the 
temperature  of  the  injection-water  used,  the  less  will  bo  the  tension  of  vapour,  and 
consequent  counter-pressure. 

In  practice,  a  final  temperature  of  120°  F.  in  the  injection-water  =:  1  *C5  lb.  pressure 
per  square  inch,  may  be  considered  an  average  result  Suppose  the  initial  temperature 
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to  be  52",  the  qnaniity  of  injection- water  admitted  mnst  be  at  leatt  16  times  tlie 

weight  of  steam  condensed  ;  for 

Unite  of  heat. 
In  1  lb.  of  steam  there  exists,  as  measured  above  the  freezing  point 

(32    F.)  ••••••••         ••         •  Xlo^ 

From  this  deduct  120^-32 S8 


The  difference  in  the  number  of  units  of  heat  abstracted  from  tho 
steam  to  reduce  it  to  water  and  vapour  at  the  final  temperature  of 
120°  F.  = 1064 

To  every  pound  of  the  cold  injection-water  (120°— 62°  =  )  68  units  of  heat  are 
added;  consequently  1064-r68  =  15-6  ibs,,  the  weight  of  water  required  to  con- 
dense  1  lb.  of  steam,  about  ^„th  part  of  the  heat  imparted  to  the  injection-water,  when 
pumped  out  of  the  condenser,  is  restored  to  the  service  of  the  engine  :  the  remaining 
IJths  go  to  waste. 

It  has  been  ingeniously  proposed  in  a  recent  patent^  that  of  Mr.  Siemens,  to 
obviate  much  of  this  loss  by  employing  a  peculiar  form  of  condenser  and  arrange- 
ment of  the  valves,  by  which  the  steam  issuing  from  the  cylinder  shall  be  pre- 
sented in  successive  x)ortions  to  a  range  of  compartments  in  the  condenser,  in 
such  onler  that  the  hottest  steam  comes  in  contact  with  the  hottest  condensing 
water ;  the  next  portion  in  contact  with  cooler  water,  and  so  on,  nntil  the  last 
expansion  is  condensed  with  water  of  the  temperature  at  which  it  can  be  obtained ; 
a  series  of  operations  which,  although  strictly  consecutive,  may  be  conceived  as  being 
practically  simult^meous.  The  injection- water  entering  the  condenser  at  a  temperature 
of  52°  would  issue  from  it  at  the  boiling  point,  and  be  pumped  from  thence  into  the 
boiler  at  a  temperature  92°  higher  than  it  attains  in  the  nsual  manner,  effecting  a 
corresponding  saving  of  fuel,  besides  accomplishing  a  more  perfect  condensation.  With 
the  aid  of  such  an  apparatus,  it  has  been  also  suggested  to  render  the  present  non- 
oondensing  engine  partially  condensing  by  the  use  of  a  very  limited  supply  of  con- 
densing water,  allowing  part  of  the  steam  to  escape  in  the  nsnal  way  through  the 
eduction  or  blast  pipe,  and  to  condense  only  the  remaining  volume  of  steam  as  bX,  or 
below,  the  atmospheric  pressu  re. 

The  injection- water  entering  at  52°  and  issuing  at  212°,  would  cany  off  from  the 
steam  160  units  of  heat.  Those  portions  of  the  steam  which  condense  at  52%  or  at 
other  temperatures  helow  212%  act  tho  part  of  condensing  water  in  the  sneoessive 
compartments  of  the  condenser,  nntil  finally  the  condensed  steam  issnes  from  the  last 
compartment  at  212°.  Consequently  the  condensed  steam  merely  gives  up  its  latent 
heat,  072  units  (1152°— 180°),  and  the  proportion  of  condensing  water  to  steam  would 
be  as  972  :  160,  or  as  about  6  : 1. 

Beverting,  for  the  sake  of  illustrating  the  general  case  of  a  non-condensing  engine, 
to  the  case  of  the  locomotive  with  12-luch  cylinder,  18-inch  stroke,  and  S-fL  wheels, 
we  have  seen  that  the  weight  of  steam  passing  through  the  cylinders  per  mile  for 
neutralising  atmospheric  pressure  was  57  '26  lbs.  To  condense  this  (57  *26  x  6  =  344  lbs. 
or)  35  gallons  of  water  per  mile  would  be  required.  Supposing  the  engine  to  be 
working  with  a  load  equivalent  to  a  total  pressure  of  four  atmospheres  on  the  {ostons, 
the  water  evaporated  to  supply  steam  of  that  pressure  would  be,  exclusive  of  waste, 
(1562  cubic  feet  of  steam  divided  by  474,  tho  relative  volume  of  steam  at  that  pres- 
sure to  its  producing  water,  =  3  *3  cube  feet,  or)  about  20  gallons  per  mile.  The 
boiler  would  be  supplied  with  20  gallons  per  mile  (plus  whatever  might  supply  waste) 
from  the  wator  at  boiling  point  derived  from  the  condenser,  and  the  remaining 
15  gallons  (or  less)  of  heated  water  would  go  to  waste.    If  sach  an  additioBsl  tapplj 
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of  water  could  be  maintained  without  inconyenience,  the  advantages  resnlting  wonld 
be— 

Ist)  An  increase  of  efTective  power  in  the  engine  in  the  ratio  of  3  atmospheres 
to  4  atmospheres,  for  the  same  quantity  of  water  evaporated  or  fuel  used,  irre- 
spectiye  of  any  benefit  from  expansive  working. 

2ndly,  The  opportunity  of  working  the  steam  expansively  to  a  greater  extent 
than  has  hitherto  been  practicable. 
Srdly,  That  the  boiler  is  fed  with  hot  water. 

SECTION  U. — PRAOTICAL  OBSKRYATIOKS  ON   BESISTANCES  TO  RAILWAY  TRAINS.* 

ReiitUancea  on  the  Narrow  Gauge, 

Table  VII.  (p.  533)  is  taken  from  Mr.  Wyndham  Harding's  Paper  *on  the  Kesls^ 
ances  to  Railway  Trains  at  diflferent  Velocities/ — {Vide  article  *  Railway,*  p.  241.) 
This  Table  contains  very  full  explanatory  data  to  each  experiment,  which  are  not 
necessary  for  general  information ;  but  those  who  are  desirous  of  fully  investigating 
the  subject  for  themselves  should  refer  to  the  original  Paper  for  full  details  of  the 
summary  given  in  the  present  Table. 

The  formula  based  on  these  experiments,  furnished  by  Mr.  Scott  Eussell,  was 
adopted  by  Mr.  Harding,  '  *  simply  as  an  empirical  formula,  in  order  to  see  how  far  it 
agreed  with  the  facta  furnished  by  experiments  made,  as  has  been  explained,  by  dif- 
ferent persons  at  different  times,''  and  is  thus  described  by  Mr.  Harding  : 

**  The  formula  is  very  simple,  and  is  based  on  the  doctrine  of  the  causes  of  resist- 
ance to  the  advance  of  railway  trains  being  divisible  into  three  classes. 

"  The  first  class  of  resistance  is  what  is  understood  by  friction,  and  is  constant  at 
all  velocities. 

"  The  second  class  is  what  is  understood  by  frontage  resistance,  and  increases  as 
the  square  of  the  velocity  in  miles  per  hour,  the  resistance  at  one  mile  per  hour  being 
j^n>.  per  square  foot  of  frontage. 

''The  third  class  of  resistances  may  be  termed,  for  want  of  a  better  word,  resist- 
ances from  concussion  :  the  existence  of  such  a  class  of  resistances  is  indicated  by 
the  concussions  and  vibrations  clearly  perceived  by  a  train  in  rapid  motion.  This  class 
of  resistances  is  held  to  vary  in  the  simple  ratio  of  the  velocity. 

''  Calling  the  friction  6  lbs.  per  ton,  the  number  of  tons  weight  of  the  train  =  T, 

the  velocity  of  the  train  in  miles  per  hour  =  V,  the  resistance  per  square  foot  of 

frontage  at  1  mile  per  hour  ^  '0025  lb.,  the  resistances  from  concussions  in  pounds 

y 
per  ton  of  the  load  at  10  miles  per  hour  and  above  =  -r-t,  the  number  of  square  feet 

in  the  frontage  of  the  train  =  N ;  the  formula  giving  the  resistance  in  pounds  per  ton 
(of  the  weight  of  the  train)  is 

^      V      (V2  X  -0025  X  N) 

^■*-ar + T *• 

"  The  results  which  this  formula  gives  are  shewn  in  the  last  column  of  the  Table. 
When  an  engine  runs  with  a  train,  the  friction  of  the  engine  is  taken  at  15  lbs.  per 
ton  of  its  weight. 

'*It  will  be  seen  that  the  results  of  the  formula  are  somewhat  higher  than  those  of 
the  experiments  at  the  lower  velocities,  for  which  it  is  not  difficult  to  account.  In  the 
higher  range  of  velocities,  where  the  formula  is  better  tested,  its  agreement  with  the 
experimental  results  is  very  close. 

*  From  a  paper  by  Mr.  John  Sewoll,  C.B.  f  Tho  divisor  3  U  assumed. 
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**  It  appears  that  it  applies  well  to  passenger  trains  from  20  tons  to  64  tons  wdghty 
and  from  30  to  CO  miles  an  hour. 

"  Table  II.  affords  the  means  of  readily  obtaining  the  resistances  io  lbs.  per  ton 
(according  to  this  formula)  of  trains  of  passenger  carriages  trarelliDg  at  any  speed 
between  10  miles  and  61  miles  per  hour." 

The  method  of  applying  this  formula  and  Table  II.  will  be  best  explained  by 
examples. 

Haying  the  velocity,  weight  in  tons,  and  frontage  in  square  feet  given, — to  find  the 

resistance. 

Ist  Multiply  the  weight  in  tons  by  Gibs,  for  friction  resistance. 

2nd.  Multiply  one-third  of  the  velocity  by  the  weight  of  the  train  in  tons,  for  the 
concussion  resistance. 

Srd.  Multiply  the  square  of  the  velocity  by  '0025  lbs.,  and  multiply  that  product  by 
the  number  of  square  feet  of  frontage,  for  the  atmospheric  resistance. 

4th.  Add  together  these  three  resistances,  and  divide  the  sum  by  the  weight  of  the 
train  in  tons,  which  will  give  tlie  resistance  in  lbs.  per  ton. 

Ex, — Taking  a  train  of  21i  tons,  with  a  frontage  of  60  square  feet,  and  a  Teloeiiy 
of  35  miles  per  hour, — required  the  resistance  in  lbs.  per  ton  ? 

Weight  21 '6  X  6     .     .     .     =129     =  friction  resistance. 
Velocity  "g*    x  21*6     .     .     =  249*4  =  concussion  resistance. 
Froutagc  60  x  '0026  x  36-  =  183*7  =  atmospheric  resistance. 

Total  resistance  =  662  1       „-  ,  «. 

■nr  •  1  *  •    *  -l^TT  =  26*1  ibs.  per  ton. 

Weight  m  tons  =21*6 

To  find  the  lione-jmccr  of  the  aigine. — Multiply  the  total  resistance  (just  fonnd) 
by  the  velocity  of  the  train  in  feet  per  miuute,  and  divide  by  38,000,  which  will  give 
the  horse-power. 

By  Table  I. — At  a  speed  of  25   miles  an  hour,    the  velocity  is  S080  feet  per 

.     X      ,.         XXI       .X              SG2-1  X  3080 
minute  :  hence  total  resistance  = -^':77^^, —    =  62 '46  horse-power. 

By  Table  II.  this  operation  is  readily  performed. 

Taking  the  same  data  as  last  example,  and  referring  to  the  Table  for  85  miles  aa 
hour,  we  find  it  is  not  given ;  but  the  mean  between  34  and  86  miles  will  be  suffi- 
ciently correct  for  our  purpose,  and  it  gives  17*6^.  for  friction  and  ooneusnoa 
resistance.     For  atmospheric  resistance  the  mean  is  30*6  lbs.  per  square  foot.    Henee 

— — - — =  8*6  lbs.  per  ton  for  atmospheric  resistance,  which,  added  to  17*6  Its., 

gives  26*1  lbs.  per  ton  of  resistance,  as  before. 

_     ,  26-1  X  21-5  X  3080      ^„  ,^  ^ 

For  horsepower, ^    =  62*46  horse-power,  as  before. 

This  Table,  therefore,  facilitates  the  various  calculations  of  resistances  as  found  by 
Mr.  Scott  EusselFs  formula. 

To  prevent  misunderstanding,  it  will  be  best  to  quote  Mr.  Harding*s  obeerratioiii. 
He  says,  <<  Engineers  are  particularly  reminded,  that  the  resistances  of  which  the 
present  Paper  treats  must  be  understood  to  be  the  resistances,  in  calm  weather,  of 
engines  and  carriages  of  the  ordinary  construction,  in  good  repair,  on  a  railway  aleo  in 
good  repair. 

< '  In  actual  practice,  various  circumstances  will  arise,  as  side  winds,  want  of  repair, 
or  adjustment  in  the  carriages  or  road,  sharp  curves,  &c. ;  all  which  tend  to  make  the 
resistances  more  than  the  experiments  shew." 
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Hesistanees  on  the  Broad  Gauge. 

Various  experiments  made  to  ascertain  tlie  resistances  to  railway  trains  at  different 
Telocities  were  condacted  by  Mr.  D.  Gooch  on  the  Bristol  and  Exeter  Bailway,  in 
order  that  he  might  answer  the  quoiies  sent  to  him,  and  also  to  other  Engineers,  by 
tho  Railway  Commissioners. 

Messrs.  Stephenson,  Locke,  M*ConnelI|  and  Trevithick,  in  their  replies  on  this 
point,  referred  to  Mr.  Wyndham  Harding's  Paper  ''On  Resistances  to  Railway  Trains," 
already  explained ;  bat  Mr.  D.  Gooch  instituted  and  carried  out  that  valuable  set  of 
experiments  published  with  full  details  in  the  Appendix  to  the  Railway  Commissioners* 
Report  to  the  House  of  Lords  on  Railway  Communication  between  London  and 
Birmingham. 

In  these  experiments  are  given,  separately,  the  resistance  due  to  the  train,  and  tho 
resistance  due  to  the  engine  and  tender  preceding  the  train.  This  is  an  important 
step  towards  obtaining  an  accurate  formula  for  estimating  the  resistances  to  railway 
trains  of  different  weights  and  at  different  velocities. 

The  advantage  of  separating  the  engine  and  tender  resistance  from  that  of  the  train, 
in  any  general  formula,  will  be  evident  by  comparing  its  effects  per  ton  on  trains  of 
different  weights. 

For  instance,  taking  two  of  the  experiments  in  Table  IIL,  at  nearly  the  same  velocity, 

but  with  different  loads,  we  have  fur  100  tons,  at  56 '6  miles  per  hour,  the  engine  and 

2469 
the  tender  resistance  =    iaq.o  ^^'  ~  16 '5  lbs.  per  ton  over  tho  gross  weight  of  the 

train.     For  the  50  tons  train,  at  58  miles  an  hour,  the  engine  and  tender  resistance  =■ 

2085 
IQQ.j  fl>8.  =  20*7  lbs.  per  ton  over  the  gross  weight  of  the  train. 

A  similar  effect  is  produced  on  trains  at  low  velocities.     For  100  tons,  at  21*1 

807 
miles  an  hour,  we  have  engine  and  tender  resistance  =  tTaTu  ^^'  =  53  lbs.  per  ton  ; 

and  for  50  tons,   at  21*8  miles  per  hour,   the  engine  and  tender  resistance  = 

973 
yg.g  lbs.  =  9 '8  fl)s,  per  ton. 

It  appears  from  this  that  the  effect  is  about  4*2  lbs.  per  ton  for  the  high  velocity, 
and  4 '5  lbs.  per  ton  at  the  low  velocity,  greater  resistance  from  the  engine,  over  the 
weight  of  the  light  train  than  over  that  of  the  heavy  one.* 

The  great  amount  of  power  absorbed  by  the  engine  itself  is  quite  prominent 
throughout  the  whole  of  these  experiments.  Column  4,  Table  IIL,  shews  the  resist* 
ance  of  the  engine  and  tender  considered  as  part  of  the  train.  Column  5  shews  tho 
estimated  resistance  of  the  machinery  of  the  engine  after  deducting  the  resistance  due 
to  the  engine  and  tender  at  the  ratio  of  the  train  resistance. 

The  resistance  of  the  machinery,  however,  admits  of  cxi)lanation.  The  connecting 
rods  are  of  considerable  weight,  and  freely  snBx>ended  between  the  crank  and  cross - 
head.  With  a  2-feet  stroke  (that  of  the  *Iron  Duke'  class),  the  heavy  end  of  the 
connecting  rod  travels  through  a  space  of  0*283  feet  each  revolution  of  the  wheel, 
and  for  two  connecting  rods  gives  12*566  feet  for  each  revolution  ;  while  the  other 
ends  of  the  connecting  rods  travel  about  8  feet  durbg  the  same  time.  72  miles  an 
hour  is  about  the  maximum  speed  of  this  class  of  engines  with  a  moderate  load.    The 

♦  In  the  comparativo  Diagram  of  Resistances  accompiinj'iii;?  Mr.  D.  Go<.>ch*s  experiments 
thi«  is  clearly  sbcwn,  and  is  tho  reaaon  why  the  lines  of  rotdstonco  of  the  00  tons  trains  oro 
higher  than  those  for  tho  100  tuus  trauu. 
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driTing  wheels  are  8  feet  diameter,  and  tbe  stroke  being  2  feet,  gives  the  arenge 
Telocity  of  the  piston  as  1000  feet  per  minute.    The  irregular  motion  of  the  crank 
"will,  howerer,  make  the  Telocity  of  the  piston  in  the  centre  of  the  cylinder  abont 
1500  feet  per  minute.     The  crank  has  at  the  same  moment  its  greatest  power,  and  the 
piston  its  greatest  Telocity,  when  the  unbalanced  centrifugal  power  and  momeniom 
of  the  connecting  rod  and  crank  change  the  direction  of  their  forces.     For  instance, 
if  the  crank  be  on  the  top  centre,  and  suppose  that  part  of  the  connecting  rod,  with 
the  crank  to  which  it  is  attached,  weighs  no  more  than  560  lbs.,  we  haTe  this  weight 
descending  in  a  forward  direction  for  1*57  ft.,  and  for  the  next  l'57ft.  descending  in 
a  backward  direction,  at  an  aTerage  Telocity  of  1575  feet  per  minute.    Now  if  the 
weight  is  multiplied  by  the  Telocity,  it  gives  882, 000  lbs.  of  mixed  forces  of  momen- 
tum of  the  connecting  rod  and  centrifugal  force  of  the  crank,  changing  the  directioB 
of  its  forces  no  less  than  eight  times  for  each  rcTolution  of  the  driTing  wheel.     As 
there  are  two  connecting  rods  and  cranks  in  motion  to  produce  one  rcTolution,  conse- 
quently it  requires  two 
downward    and     for- 
ward,  two  downward 
and    backward,     two 
upward  and  backward, 
and  two  upward  and 
forward  changes  of  the 
direction  of  the  forces 
generated  by  the  com- 
bined   moTements   of 
the  crank  and  connec- 
ting rod.    The  dotted 
lines  of  the  annexed 
diagram     will     shew 
what  is  meant  by  the 
different  directions  of 
the    centrifugal    force 
>^'>.  of  the  connecting  rod 

\  and  crank.      The  ar- 

rows indicate  the 
direction  in  which  the  crank  is  moving,  and  the  letters  the  direction  of  the  forces. 
D?= downward  and  forward.  db  =  downward  and  backward.  nB= upward  and 
backward,     u  p  =  upward  and  forward. 

The  above  estimate  and  diagram  are  given  for  illustration  only,  as  it  requires  cor- 
rect data  to  estimate  the  resistance  accurately ;  but  they  will  give  an  idea  of  the 
nature  of  the  resistance  to  be  overcome  at  high  velocities,  above  that  of  the  blast  and 
slides. 

When  a  locomotive  piston  travels  at  the  average  rate  of  1000  feet  per  minute^  the 
power  absorbed  by  the  unbalanced  momentum  of  the  machinery  must  be  very  consi- 
derable, and,  far  more  than  the  resistance  of  the  atmosphere,  limits  the  velocity 
attainable  by  any  class  of  engines.  Practical  men  have  long  sought  to  find  a  remedy 
for  this  unbalanced  momentum  ;  and  the  higher  the  Telocity,  the  more  desirable  it  is 
that  the  piston  and  rod,  the  connecting  rod  and  slide  Talves,  should  all  be  properly 
balanced. 

Mr.  Heaton,  Mr.  D.  Gooch,  and  Mr.  M'Connell  were  for  some  time  engaged 
with  experiments  on  this  subject ;  and  it  was  hoped  that  they  would  ultimately  suoeeed 
in  devising  a  practical  remedy  for  the  unbalanced  machinery  of  a  locomotive  engine. 
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In  practice  it  is  found  that  the  height  of  the  driying  wheel,  other  circumstances 
being  alike,  decides  the  average  speed  for  each  class  of  engines.  This  may  be  taken 
as  proof  that  it  is  the  resistance  of  the  machinery  which  limits  the  speed,  and  that  by 
giving  it  more  ease,  an  increased  standard  of  velocity  is  attained,  corresponding  to  the 
ease  given.  Accordingly,  Mr.  Stephenson,  in  his  8-wheeled  class  of  engines,  adopta 
a  7-feet  wheel,  and  Mr.  Crampton,  in  his  patent  8-wheeled  engines,  still  further 
carries  out  the  same  principle  by  adopting  an  8-feet  wheel  with  a  low  centre  of  gra- 
vity, both  necessary  and  desirable  means  for  obtaining  steadiness,  speed,  and  safety 
on  any  railway. 

Those  who  have  travelled  on  locomotives  at  high  velocities  could  scarcely  fail  to 
notice  the  rapid  movements  of  the  working  parts  of  the  engine  without  reflecting  on 
the  great  x>ower  required  to  produce  and  sustain  that  movement  itself,  independent  of 
load.  To  them,  the  above  explanation  of  the  supposed  cause  of  resistance  will  be 
clearly  understood.  To  others,  who  may  not  have  had  such  an  opportunity,  an  ex- 
ample will  best  explain  it,  and  perhaps  be  the  means  of  drawing  both  theoretical  and 
practical  attention  to  ascertain  the  value  of  such  resistance,  including  the  slide  valves, 
the  blast  pipe,  and  compressed  steam  at  high  speeds.  The  '  Emperor  *  locomotive 
(one  of  the  *  Iron  Duke  *  class)  travelled  from  Didcot  to  Paddington,  a  distance  of 
53  miles,  with  the  ordinary  express  train,  in  494  minutes.  The  'Great  Britain,' 
with  which  the  experiments  referred  to  were  made,  is  said  to  have  run  the  same  dis- 
tance in  474  minutes  with  the  express  train.  The  speed,  therefore,  was  not  an 
extreme  one  throughout,  as  no  effort  was  made  to  obtain  a  high  speed,  bat  the  engine 
was  worked  in  the  ordinary  way. 

The  day  was  calm,  but  cloudy,  and  a  higher  speed  was  expected  along  the  good 
straight  road  from  Twyford  to  Maidenhead,  but  it  was  comparatively  little  increased. 
The  steam  was  blowing  off,  and  the  fire-door  was  opened  to  check  it.  There  was  no 
side  wind,  for  it  was  in  a  cutting,  and  the  only  atmospheric  resistance  was  that  due 
to  the  velocity.  The  load  was  about  60  tons  :  the  speed  was  at  the  rate  of  from  70 
to  72  miles  an  hour — a  high  speed,  it  is  true,  but  the  question  immediately  suggested 
itself,— Why,  under  such  favourable  circumstances,  was  the  speed  not  higher  t — 
eliciting  only  another  question, — ^Where  lay  the  limiting  resistance  to  a  higher  speed  f 
for  there  was  clearly  an  equilibrium  between  the  power  and  the  resistance.  The 
answer  which  occurred  was  this, — that  it  was  the  unbalanced  machinery,  the  un- 
balanced slide  valves,  the  effects  of  the  blast,  and  of  the  steam  compressed  in  the 
cylinder,  which  mainly  limited  the  speed  to  72  miles  an  hour. 

If  this  be  a  correct  view  of  the  limiting  cause  of  the  speed  of  locomotive  engines, 
it  foUowB  that  increased  velocities  must  be  sought  for  by  giving  greater  ease  to  the 
machinery,  along  with  increased  boiler  and  cylinder  power.  The  investigation  of 
Mr.  D.  Gooch's  experiments  seems  to  confirm  this  conclusion,  and  it  is  submitted 
now  with  the  view  of  drawing  the  attention  of  future  experimenters  to  determine  its 
value  as  a  principal  resistance  to  railway  trains  at  high  velocities. 

In  submitting,  therefore,  an  abstract  of  Mr.  D.  Gooch's  experiments,  the  practical 
question  has  been  kept  clear  from  all  other  considerations,  and  the  indicator  and 
dynamometer  resistancea  only  investigated  :  these,  being  taken  by  competent  and 
impartial  persons,  are  valuable  as  data  of  resistances  to  railway  trains  under  similar 
circumstances.  The  shortness  of  the  distance  experimented  upon  is  the  only  drawback, 
but  it  renders  the  minutest  error  visible  in  the  tabulated  results  in  the  Eeport  to  the 
House  of  Lords  ;  and  where  these  were  observable,  they  have  been  omitted  in  taking 
the  averages  given  in  Table  III.  As  the  weather  was  very  unfavourable  for  experi- 
menting when  they  were  made,  they  may  be  fairly  regarded  as  giving  average 
resistances  on  a  calm  day,  and  everything  in  good  working  order. 
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In  Tablo  III.  the  indicator  and  dynamometer  rcnstances  ore  giren  ficparatel/  for 
fjie  engine  and  train,  and  combined  for  tbe  gross  load.  The  first  iwelne  oolnmnfl  are 
practical,  and  tbe  headiugs  will  explain  them  :  the  next  two  columns  are  expUuiator/ 
of  the  circumstances  occurring  when  the  experiments  were  made  :  the  laci  nine 
columns  are  theoretical,  calculated  from  a  formula  which  will  now  be  explained. 

Tbe  resistance  for  tbe  engine  and  tender,  it  will  be  obserred,  inereaics  in  the  ratio 
of  the  Telocity,  regulated,  bowerer,  by  tbe  load.  Commencing  at  64  ^^  P^  too  at 
1  mile  an  hour,  the  ratio  of  the  increase  is  *5  lb.  per  mile  per  boor.  From  this  we 
bare  the  velocity  x  '5  +  5  =  resistance  of  engine  and  tender  per  ton  for  their 
own  separate  resistance.  The  additional  resistance  to  tbe  engine  from  the  atmoepberc 
and  load  is  taken  as  tbe  square  of  tbe  Telocity  x  by  tbe  weight  of  the  train,  and  Ly 
*00004,  to  be  added  to  the  preceding  for  the  resistanoe  per  ton,  and  multiplied  by 
their  weight  for  the  total  resistance  of  the  engine  and  tender  in  Ibe.  It  may  be  thus 
stated  : 

Velocity  x  *5  +  6  +  Telocity^  x  weight  of  train  x  '00004  =  engine  and  tender 
reeistance  per  ton. 

By  this  formula  columns  10  and  22  are  calculated. 

The  atmospheric  I'esistanco  is  taken  as  increasing  in  the  ratio  of  the  square  of  the 
Telocity  in  miles  per  hour,  regulated  liy  the  bulk  of  the  train. 

Messrs.  W.  Harding*  and  D.  Qooch  have  both  adopted  Tambour's  theory  of  frontage 
as  the  measure  of  atmospheric  resistance.  Begardiug,  howcTer,  the  ezporimeuta 
made  by  Dr.  Lardner  for  the  British  Association  as  more  satisiactoiy  than  thoee  made 
by  Fainbour,  and  the  conclusions  f  of  Dr.  Lardner  as  supported  by  his  experimcntj, 
they  have  been  adopted  in  inTesligating  Mr.  D.  Gooch's  experiments. 

By  combining  the  bulk  and  Telocity  together  in  estimating  the  resistanoe  of  tho 
atmosphere,  results  are  obtained  which  vary  with  eTery  varying  load  and  speed, 
thereby  fairly  representing  tho  dispUccment  of  air  by  railway  trains  of  all 
dimensions. 

For  instanco,  the  train  with  which  these  experiments  were  made,  as  shewn  on  the 
drawing  accompanying  them  in  the  Kailway  Commissioners*  Report^  measures  270  feet 
long,  which  corresponds  with  tbe  average  length  of  the  carriages  and  intermediate 
spaces  between  them.  Their  width  is  D  feet,  aud  height  of  bodies  7}  feet;  this  gives 
270  X  9  X  71  =  1S009  cnbic  feet  of  bulk  for  10  carriages  weighing  100  tons. 
By  rejecting  the  odd  9  feet,  wo  have  ISO  cubic  feet  of  bulk  =  1  ton  weight  of 
passenger  carriages. 


•  Mr.  Harfling,  a!thoii;?h  ad<>pting  tho  frontage  estimate  for  the  ntmospboric  resbtaneo  to 
tratnfi,  yet  clearly  jioiutcd  out  in  Ijis  Paper  (page  :^4)  tho  objection  to  this  modo  of  estimating 
that  particular  rcHiRtonco.  lie  Miys  in  couclufliou,  on  thid  point, — "This  objection  poiuts  to 
the  necessity  of  txikin^^  into  account,  in  comparing  rcfliflt.ouc&s  jicr  ton  of  different  trains,  tbe 
compjpition  of  the  trains,  tliu  rcHiMttinccs  of  which  are  f  wing  comiMired,  osi>edal1y  as  to  their 
bulk  or  PiKvilic  gnivity,  and  other  Himihir  circumptaneus.  It  is  not,  however,  oaaj  to  see 
what  unit  or  connnon  luca-suro  could  bo  used  iu  Kuch  comptirisonti  which  would  bo  so  con- 
vcniont  or  iutclligiolo  to  cnj^inecn*  oh  tho  ton  weight."  This  uidt  I  have  ondcavourod  to 
supply  by  the  actual  «lata  of  ISO  cubic  feet  of  bulk  being  equal  to  one  ton  in  weight  for  pM- 
sengcr  carria;rcs  on  tlic  broad  |]raugc.  The  same  unit  will  bo  ncariy  correct  for  the  narnvw* 
gauge  passenger  carriages  oIho. — J.  8. 

t  After  making  a  number  of  experiments  with  various  slscd  and  shaped  vdildos,  Dr. 
Lardnor'fl  conclusions  on  atmospheric  rcsiKtant'e  were, — 

*'That  the  bUajhs  of  the  front  or  hind  pirt  of  tho  train  has  no  obeorvable  eifoct  on  tbo 

resistance. 
"That  the  spices  iHjtwecn  the  carriages  of  tho  train  havo  no  obscrvaUo  effect  on  tbe 

resistance. 
•'  Tliat  tbo  trahi,  with  the  aime  width  of  fn>nta«;e,  suffers  hicrcasod  resistance  with  tho 
increased  bulk  or  volume  of  tho  coaches.*' 
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There  is  so  little  differeDOe  in  the  proporUon  of  balk  to  weight  of  carriages  on  both 
gauges,  that  the  same  ratio  will,  without  material  error,  apply  to  both.  The  following 
ATerage  dimensions  and  weights,  taken  from  Mr.  D.  Gooch's  evidence  as  giren  in  the 
Gauge  Commissioners'  Report,  will  shew  how  nearly  they  are  alike.  The  height  of 
the  bodies  only  has  been  taken,  as  any  atmospheric^  resistance  to  the  wheels  is  more 
properly  included  with  friction  and  oscillation. 


Average  No.  of 
passengers  per 
carriage. 

Average  weight 
of  carriages. 

Avenge  weight 
of  loaded  car- 
riage. 

Average  dlmcnsionf  of 
carriages. 

Avenge  balk  in 
cubic  feet  of  one 
carriage. 

Avenge  bulk 
per  ton. 

Length 

Width. 

Height 

Broad  gauge 
Narrow  gauge 

No. 
52 
21 

cwt 
78 

814 

cwt 
147 
80i 

cwt. 
225 
112 

feet. 
25i 
17 

feet. 
9 
7 

feet 

cub.  ft. 
1664 
833 

cub.  fl. 
147-9 
148-8 

The  spaces  between  the  carriages  make  up  the  difference  shewn  by  the  tabular 
bulk  per  carriage,  and  that  obtained  per  carriage  when  forming  part  of  a  train.  Until 
a  more  careful  inquiry  shall  determine  a  better  ratio,  the  approximation  of  carriages 
on  both  gauges  is  so  near,  that  180  cubic  feet  per  ton  might  be  tried  for  the  narrow 
gauge  as  well  as  for  the  experiments  to  which  it  is  now  applied. 

Independent,  howcTer,  of  Dr.  Lardncr's  conclusions  it  is  reasonable  to  assume  that 
a  train  of  the  bulk  of  18,000  cubic  feet  would  experience  greater  atmospheric  resist- 
ance  than  a  train  of  only  one-tenth  of  that  bulk.  This,  however,  is  not  recognised  in 
the  frontage  theory,  which,  to  make  up  for  its  apparent  deficiency,  even  in  the  Comte 
De  Tambour's  experiments,  included  wheels,  the  eddying  between  the  carriages,  and 
(if  it  were  fully  carried  out)  should  also  have  included  the  resistance  from  every  open 
carriage-window  in  a  ti*ain.  By  taking  the  bulk  for  the  measure  of  atmospheric 
resistance,  it  embraces  all  these  in  a  much  more  satisfactory  manner  than  can  be  done 
separately,  and  for  these  reasons  it  has  been  adopted  at  Ibis  time  in  investigating  the 
broad-gauge  experiments. 

The  atmospheric  resistance  is  thcrefure  taken  to  increase  in  the  ratio  of  the  square 
of  the  velocity  in  miles  per  hour  x  by  the  bulk  of  the  train  in  cubic  feet,  and  by 
•00002  as  a  co-efficient  per  ton  of  train.     By  this  data  column  16  is  calculated. 

The  friction  resistance  is  taken  at  6  lbs.  per  ton,  as  seen  in  column  15. 

The  oscillatory  resistance  is  taken  as  increasing  in  the  ratio  of  ^Ith  the  velocity  x 
by  the  weight  of  the  train  only.     Column  17  is  calculated  by  this  data. 

For  what  reason  experimenters  separate  these  two  last  resistances  does  not  clearly 
appear.  They  are  evidently  the  same  resistance,  increasing  in  the  ratio  of  the 
velocity  only.  Oscillatory  resistance  is  mainly  the  increased  friction  of  tho  axle 
bearing  against  the  colUirs  of  the  axle,  consequent  upon  the  transverse  vibrations  at 
high  velocities.  It  is  practically  and  forcibly  exhibited  in  tho  wearing  away  of  the 
ends  of  the  axle  bearings,  which  in  many  instances  wear  more  rapidly  than  the  top 
part  where  the  weight  rests  upon.  The  bearing  has  then  to  be  lengthened,  or  thrown 
aside  as  old  metal. 

Such  practical  evidence  is  the  strongest  proof  that  the  axle  friction  is  not  constant 
at  all  velocities,  bnt  increases  with  the  increasing  velocity,  and  should  be  so  estimated 
generally,  as  in  Table  IV.  and  in  the  '  Diagram  of  Resistances.*     {See  Plate.) 

In  Table  III.  they  have,  however,  been  given  separately,  the  better  to  test  the 
formula,  and  also  as  an  unit  to  start  from,  adopted  by  former  experimenters  and 
investigators  of  resistances  to  railway  trains. 
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Tbo  formnia,  therefore,  by  which  the  estimated  resistances  in  Table  III.  and  17. 
arc  calculated  is  submitted  as  an  empirical  one  only,  and  embraces, — 

Ist,  The  engine  and  tender  resistance,  increasing  in  the  ratio  of  the  Telocity  for 
their  own  resistance,  and  in  the  ratio  of  the  square  of  the  Telocity,  regulated  by  Um 
load,  for  atmospheric  and  load  resistance. 

2ndly,  The  atmospheric  resistance  of  the  train,  increasing  as  the  square  of  the 
velocity,  regulated  by  the  bulk  of  the  train. 

Srdly,  The  oscillatory  resistance,  increasing  in  the  ratio  of  the  Telocity  (estimated 
at  one-fifteenth),  regulated  by  the  load. 

4thly,  The  friction  resistance  (for  the  reasons  giTen,  estimated  at  6  lbs.  per  ton), 
regulated  by  the  luad. 

It  is,  therefore,  simple  in  its  elements,  and  may  be  thns  expressed. 

Calling  the  weight  of  the  train  in  tons  =  T,  the  friction  of  the  train  per  ton  =  6  Ibg., 
the  bulk  of  the  train  in  cubic  feet  =  B,  the  weight  of  the  engine  and  tender  =B, 
the  velocity  =  Y ;  we  haTe  for  a  formula  by  which  to  estimate  the  resistanoes 
separately, 

E    x(Vx*5  +  5+V2xTx  '00004)    =  engine  and  tender  resistance  in  Ibi. 

V^  X    B  X  '00002 =  atmospheric  resistance  in  lbs. 

V    X    T 

— 7g — =  oscillatory  resistance  in  Rs. 

Tx6 =  friction  resistance  in  lbs. 

These  separate  resistances,  being  added  into  one  sum  and  divided  by  the  gross 
load,  gi?e  the  estimated  resistance  per  ton.    Briefly  it  would  stand  thus  : — 

Ex(Vx-5+5+V2xTx  -00004)  +  (V2  x  B  x   -00002)  +— ,~       -^^ 
=  resistance  per  ton. 

The  theoretical  resistances  given  in  Table  III.  are  from  the  above  formula,  and 
their  general  agreement  with  the  (somewhat  irregular)  practical  results  is  satis- 
factory. 

Table  IV.  is  also  drawn  up  from  this  formula,  to  facilitate  estimating  the  resistances 
of  trains  under  similar  circumstances  on  a  level  line,  a  calm  day,  and  engine, 
carriages,  and  road  in  good  working  order. 

The  Diagram  *  shews  the  same  resistances  as  Table  lY.,  exhibiting  them  separately 
fur  the  engine  and  train.  For  the  reasons  already  mentioned,  lines  of  resistance  for 
the  engine  and  tender,  with  various  loads,  are  also  shewn  separately.  Being  divided 
into  tenths  of  an  inch  each  way,  either  miles  or  lbs.  can  be  counted  without  the  aid  of 
a  scale  or  instruments.  The  base  line  indicates  the  velocity  in  miles  per  hour.  The 
vertical  lines  indicate  the  lbs.  per  ton  at  the  point  intersected  by  the  line  of  resist- 
ance. Each  tenth  of  an  inch  along  the  base  line  represents  one  mile,  and  each  tenth 
of  an  inch  on  the  vertical  lines  represents  1  It). 

As  the  additional  resistance  from  the  atmosphere  and  load  on  the  eng^e  and 
tender  is  only  2*25  lbs.  per  ton  of  the  train,  at  a  velocity  of  75  miles  an  hour,  it  is 
shewn  in  a  separate  diagram,  where  the  miles  on  the  base  line  are  represented  bj 
tenths  of  an  inch  ;  bat  the  lbs.  on  the  vertical  lines  by  hundredths  of  an  inch.  This 
admits  the  resistance  iu  hundredths  of  a  lb.  per  ton  to  be  counted  without  the  aid  of 
instraments.  The  resistance  in  lbs.  per  cubic  foot  of  bulk  is  one-half  of  this  additional 
resistance. 

'*  Owing  to  tho  small  hcoIo  of  tbo  Diagram,  there  is  some  irregularity  in  the  train  lines  D, 
which  is  occiduutiU,  and  not  the  result  of  tho  theory ;  but  Tabic  IV.  gives  them  correctly  in 

figures. 
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The  results  arrived  at  in  this  inyestigatioO)  and  embodied  id  the  diagrams,  demoa- 
strate  the  necessity  of  a  more*  perfect  mechanical  construction  of  the  locomotiTe  engine, 
and  fully  explain  what  has  been  stated  regarding  the  vast  amount  of  power  absorbed 
by  the  engine  itself. 

The  application  of  the  Formula  and  Tables  will  now  be  explained  by  examples,  as  before. 

Haying  the  velocity,  weight  of  engine  and  tender  in  tons,  weight  of  train  in  tons, 
and  bulk  of  train  (exclusirc  of  engine  and  tender)  in  cubic  feet,  given, — required  the 
engine  and  tender  resistance,  the  atmospheric  resistance,  the  oscillatory  resistanoei 
and  the  friction  resistance,  separately  ;  also  per  ton  of  the  gross  load  ? 

Ist,  Multiply  the  velocity  by  '5,  and  to  the  product  add  5  for  the  friction  of  the 
axles  and  machinery  of  the  engine.  For  the  additional  resistance  of  the  atmosphere 
and  load  on  the  engine,  multiply  the  square  of  the  velocity  in  miles  per  hour  by  the 
weight  of  the  train  in  tons,  and  by  '00004.  Add  these  together  for  the  resistance  in 
lbs.  per  ton  of  the  engine  and  tender,  and  multiply  by  their  weight  in  tons  for  their 
total  resistance  in  lbs. 

2ndly,  Multiply  the  square  of  the  velocity  by  the  bulk  of  the  train  (excluding  the 
engine  and  tender),  and  by  '00002,  for  the  atmospheric  resistance  in  lbs.  due  to  the 
train. 

Srdly,  Multiply  the  velocity  by  the  weight  of  the  train,  and  divide  by  15,  for  the 
oscillatory  resistance  of  the  train  in  lbs. 

4thly,  Multiply  the  weight  of  the  train  in  tens  by  6,  for  the  friction  resistance 
in  lbs. 

5thly,  Add  into  one  sum  these  resistances,  and  divide  by  the  gross  weight  of  the 
train  in  tons,  for  the  resistance  in  lbs.  per  ton  of  the  gross  load. 

Ex. — Taking  a  train  of  100  tons,  engine  and  tender  of  49 -2  tons,  velocity  56*6 
miles  per  hour,  and  bulk  18,000  cubic  feet, —required  the  separate  resistances,  and 
the  resistance  per  ton  of  the  gross  load  ?     (See  Table  III.) 

For  the  engine  and  tender  resistance  we  hare 

t)^'Qx  -o  +  S  +  SS-e-xlOOx  -00004  =  46 'libs,  per tonx  49-2  =  2268'121l^s. 

resistance  for  the  engine  and  tender. 

In  order  to  test  the  formula,  it  will  be  contrasted,  throughout  this  example,  with 
the  experimental  results.  On  referring  to  the  Table  it  will  be  observed  that  the  expe- 
rimental resistance  is  greatest  by  201  lbs.  As  the  train  was,  however,  subjected  to  a 
'  strong  side  wind, '  the  whole  of  the  experimental  results  are  greater  than  those  found 
by  the  formula.  In  other  instances  the  resistances  found  by  the  formula  are  greatest. 
It  is,  therefore,  by  its  general  agreement  with  the  whole  of  the  experiments  that  it 
should  be  tested,  and  not  by  any  one  experiment.  The  example  now  taken  shews  a 
total  difference  of  251  lbs.  ;  201  lbs.  of  which  are  due  to  the  engine,  or  about  4  lbs. 
per  ton  on  the  engine  and  tender  weight,  shewing  that  although  the  resistance  of  the 
engine  is  estimated  at  a  high  rate,  it  does  not  appear  to  be  in  excess  for  ordinary  con- 
tingencies,  being  too  low  for  the  effects  of  a  side  wind  on  the  engine. 

For  the  friction  resistance  we  have  100  x  6  =  600  lbs.  This,  taken  from  the  dyna- 
mometer resistance  of  2180  lbs.,  leaves  1580  lbs.  to  be  divided  between  the  atmo- 
spheric and  oscillatory  resistances,  and  so  limits  the  inquiry  as  to  admit  of  no  great 
error  in  estimating  them. 

56'6x  100 
For  oscillatory  resistance  wo  have —  , --  —  =377'3  lbs.,  which,  taken  from  1580, 

leaves  1202*7  lbs. 

For  atmospheric  resistance  we  have  56  6-  x  18000  x  '00002  =  1153*28  lbs.,  or 
49*4  lbs.  less  resistance  for  the  train  by  formula  than  by  the  dynamometer,  being 
TOL.  III.  M  :: 


522  STEAM   ENGINE,    L0C05I0TIVB. 

witbin  Lalf  a  pound  per  ton  of  tbo  weight  of  the  train,  although  exposed  to  a  aide 
wiiid. 

Stated  concisely,  these  calculations  would  stand  thus  : 

Its.  RoaiBtancotf. 

5(j'6  X  '5  +  5  +  50-6-  X  100  x  'OOOOl  x  49  2  =  2263*12  =  engine  and  tender. 

100    X    6  =    COO       =  friction. 

CQ'6   X    100 

s=    377-3  =  oscillatory. 

15 

50-62  X   ISOOO  X  '00002  =  1153*28=  atmospheric. 

4398*7 
Gross  Weiijht  of  train  "'"Tio'.o  ~  29 '48  lbs. 

2>er  ton  of  the  gross  load. 

The  experimental  resistance  was  31 'IC  11m.  per  ton,  the  estimated  resistance  29*48 
lbs.,  or  I'CS  lb.  per  ton  of  the  load  less  than  the  former  ;  a  near  approximation  to  a 
train  having  the  retarding  influence  of  a  side  wind  to  contend  against,  with  four-fifths 
of  this  difference  due  to  the  engine. 

The  formula,  therefore,  from  which  this  estimate,  Table  TV.,  and  the  Diagram,  are 
drawn  up,  appears  to  be  sufficiently  accurate  for  general  reference  for  engines  and 
trains  on  the  broad  gauge  of  the  class  experimented  with  by  Mr.  D.  Gooch. 

As  these  experiments  were  made  with  an  engine  and  tender  weighing  about  50  tons, 
with  8-fect  driving  wheels,  the  line  of  engine  and  tender  resistance  per  ton  on  the 
diagram  will  only  apply  to  engines  of  the  same  general  class  and  weight.  The  greater 
case  to  the  machinery  of  an  engine  with  8-feet  driving  wheels  oyer  that  of  an  engine 
with  6,  54,  or  G-feet  wheels,  is  necessarily  very  considerable,  as  seen  below. 

By  Table  VI.  the   revolutions  of  an  8-feet  wheel  per  mile  are  210'1  times,— of  a 

O-fect  wheel  280'5  times, — of  a  5i  feet  wheel  305*6  times, — and  of  a  5-feet  wheel 

836*3  times ;  consequently,  for  a  run  of  only  50  miles,  it  gives 

No.  of  the  cylinders 
Bcvolutions  of  the         of  steam  to  exhaust 
driving  wheel.         through  the  blast  pipe. 

For  an  8-feet  wheel  210-1  x  50  =10505  or  42020 

„      e-feet    „       280-5x50=14025  or  56100 

„      54-feet  „       305*6  X  50  =15280  or  C1120 

„      5-feet     ,,       336*3x50=16815  or  67260 

As  the  resistance  of  the  machinery,  slides,  and  blast  increases  rapidly  in  proportion 
to  the  velocity  of  the  piston  and  the  number  of  exhausts  of  steam  per  minnte,  the 
line  which  indicates  the  ^th  of  the  resistance  due  to  the  complete  machine  for  gene- 
rating power,  with  its  machinery  moving  |,  j,  or  £-  slower  than  the  working  parts  of 
another  power-producing  machine,  it  is  evident,  would  not  indicate  ^th  of  the  resist- 
ance due  to  the  more  rapid  moving  machinery  of  a  lighter  machine.  The  ratio  of  the 
resistance  for  the  latter  machine  would  therefore  be  much  higher  than  ^th  of  that 
due  to  the  '  Great  Britain '  class  of  engines. 

That  the  machinery  of  the  '  Great  Britain  *  works  freely  is  beyond  qnestion.  Twice^ 
with  the  ordinary  express  trains,  this  engine  maintained  an  average  Telocity  of 
nearly  67  miles  per  hour  over  the  53  miles  from  Paddington  to  Didcot,  including 
starting  from  a  state  of  rest  tmtil  coming  to  the  stopping  platform  again.  The  one 
trip  was  up  gradients  averaging  4  feet  per  mile,  the  other  down  the  same  gradients. 
The  trip  up  the  gradients  is  generally  run  in  least  time  :  this  arises  from  having 
to  reduce  the  speed  quite  low  on  tlic  down  trip,  nearly  a  mile  from  Paddington, 
which  thus  takes  much  longer  time  to  run  over  than  is  fairly  due  to  stopping  at  any 
other  station. 
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Sixty-seven  miles  an  hour  is  about  the  maxlmnm  average  velocity  of  the  '  Irou 
Duke  *  class  of  engines.  The  '  Great  Britain  *  was  made  from  the  same  drawings  as 
the  'Iron  Duke/  and  the  performances  of  the  whole  class  are  as  nearly  alike  as  those 
of  any  class  of  engines  can  be.  A  new  class  of  engines  of  the  same  general  constrae* 
tion,  bat  with  3  inches  shorter  tabes  and  6  inches  longer  fire-box,  appear,  from  the 
performance  of  the  *  Courier  *  (one  of  the  new  class),  as  reported  in  the  Morning 
Herald  (althongh  only  newly  out  of  the  shop),  to  have  equalled  the  *  Iron  Doke ' 
class.  As  the  area  of  the  blast  pipe  of  the  'Courier'  class  is  larger  by  about 
4  square  inches  than  the  blast  pipe  of  the  'Iron  Duke*  class,  it  shews  that  the 
enlarged  fire-box  generates  the  same  quantity  of  steam  with  less  blast ;  and  as  the 
increased  size  of  the  blast  pipe  diminishes  the  compression,  it  so  far  eases  the  piston 
that  a  proportionally  increased  velocity  will  be  attained,  with  less  consumption  of 
fuel,  from  the  milder  blast  on  the  fire.  This  consumption  is  as  low  as  from  24  to 
2G  lbs.  of  coke  per  mile  for  running  1078  miles  per  week  with  the  mail  trains,  and 
that  for  engines  newly  out  of  the  workmen's  hands. 

Eegaiding,  therefore,  75  miles  an  hour  as  the  maximum  velocity  of  the  best  loco- 
motive engines  of  the  day,  the  Table  No.  IV.  and  the  Diagram  of  Resistances  from 
the  formula  have  been  carried  out  to  that  velocity  only.  When  a  higher  velocity  is 
attained,  it  will  be  by  some  improved  arrangements  of  the  machinery,  slide  valve,  and 
blast,  which  would  give  a  lower  ratio  of  resistance  throughout,  and  require  new  data 
to  indicate  the  new  line  of  resistance  due  to  the  superior  arrangements  of  the  power* 
producing  machine. 

The  line  of  resistance,  therefore,  which  is  applicable  to  the  '  Great  Britain  *  class  of 
engines  cannot  be  applicable  to  other  classes  of  engines  (Irrespective  of  gauge),  as 
from  this  investigation  it  appears  that  each  different  kind  would  have  its  own  separate 
line  of  resistance.  As  there  is  not  so  great  variety  amongst  carriages  as  amongst 
engines,  the  ratio  of  resistance  for  the  carriages  would  be  more  permanent  than  it  can 
be  for  engines  so  variously  constructed. 

The  data  for  indicating  the  lines  of  resistance  for  locomotives  of  various  descrip- 
tions are  extremely  limited.  The  Comte  de  Pambour  clearly  saw,  and  ably  pointed 
out,  the  necessity  of  estimating  the  resistances  separately.  His  exx)eriments  on  the 
friction  of  loaded  and  unloaded  engines  were  very  good  as  far  as  they  went,  and  only 
require  to  be  fully  carried  out,  to  give  the  data  necessary  to  lay  down  lines  of 
resistance  for  any  particular  class  of  locomotives. 

In  the  Diagram  of  Ilcsiitances  the  Hues  A  and  B  indicate  the  mean  resistance  the 
Comte  de  Pambour  found  by  experiment  on  engines  from  8  to  11  tons  weight ;  but 
he  gives  no  data  by  which  to  trace  the  direction  of  these  lines.  The  only  other  avail- 
able data  are  those  of  two  indicator  experiments  taken  by  Mr.  D.  Gooch,  at  10  and  20 
miles  an  hour.  The  line  marked  C  on  the  diagram  shews  the  resistance  per  ton  indi- 
cated  by  these  experiments.  It  is  not  given  for  calculating  the  resistance  of  the 
'  Ixion '  class  of  engines,  but  is  given  along  with  the  resistances  indicated  by  the 
Comte  de  Pambour's  experiments,  as  sufficient  to  shew  that  new  experimental  data 
are  required  to  determine  the  law  of  resistance  to  locomotive  engines  of  various 
descriptions  on  both  gauges.  One  inference  which  may  be  drawn  from  the  highest 
speed  of  the  'Iron  Duke*  and  other  classes  of  engines  seems  to  be  this,  that  with  a 
load,  and  at  a  velocity  of  1000  feet  per  minute  of  the  piston,  locomotives  have 
reached  their  maximum  velocity  as  they  are  at  present  (184S)  constructed.  Thb 
point,  however,  should  be  investigated  by  future  experimenters,  in  order  to  deduce 
from  it  some  general  law  applicable  to  the  velocity  of  the  piston,  and  its  relation  to 
the  highest  speed  of  locomotives  of  various  constructions. 

From  what  Lis  been  said,  it  will  be  clearly  understood  that  the  resistances  indi- 
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catcd  1)y  the  formula  are  tlioee  due  to  engines  of  the  class  of  the  *Iron  Duke,'  aad 

carriages  of  the  ordinary  construction  on  the  Great  Western  Bailway,  both  in  good 

-working  order,  on  a  calm  day,  and  on  a  lerel  railway  in  good  repair.     For  gradients 

they  require  to  have  the  resistance  per  ton  due  to  the  incline,  as  in  Table  V.,  added 

to  the  resistances  given  in  Table  IV.  or  in  the  Diagram  of  Resistances.     For  gradients 

not  in  Table  V.  the  resistance  due  to  the  incline  may  be  found  by  diyiding  the  lbs.  in 

a  ton  (2240  fts.)  by  the  ratio  of  the  lise  in  feet.     Thus,  if  the  gradient  be  1  in  700 

2240 
feet,  wre  have    ^qq    =3*2  lbs.  per  ton  as  the  resistance  due  to  the  incline,  to  be 

added  to  the  resistance  given  by  the  formula. 

With  these  observations  wc  now  proceed  with  the  examples. 

By  Table  IV.  the  resistances  given  by  the  formula  are  readily  calculated. 

Ex. — Required  the  total  resistance,  and  the  resistance  per  ton  of  the  gross  load, 
for  a  train  of  60  tons,  engine  and  tender  50  tons,  bulk  of  train  10,800  cubic  feet,  and 
velocity  50  miles  per  hour,  on  a  level  railway  ?  Referring  to  the  Table,  opposite  *  50 
miles  per  hour^  is  80  lbs.  for  the  engine  and  tender  resistance,  and  '1  lb.  for  the 
additional  resistance  to  the  engine  from  the  atmosphere  and  load  per  ton  of  the  train, 
or  '05  per  cubic  foot  of  bulk  of  the  train.  This  gives  for  engine  and  tender  resistance 
60x  *1  =  6  lbs.,  to  be  added  to  the  30  lbs.  due  to  the  engine  and  tender  alone, 
=  36  lbs.  per  ton  as  the  engine  and  tender  resistance.  For  friction  and  oscillation 
the  resistance  opposite  *'  50  miles  per  hour  *  is  9  '33  lbs.,  and  for  the  atmosphere  9  lbs., 
hence 

Engine  and  tender  of  50  tons    x    36     It.s.  =1800    '^s.  =  j  ®°^^J^^J*^^*^ 

Train  of  60  tons    x    9'33  „   =    559 '8  „   =,/ friction  and  osciUation 

**  **       \     resistance. 

of  60  tons  X     9-0     „   =    540      „   = /atmospheric   resist- 

— — _—  L     snce. 

Total  resistance  =  2S99-8       ^  r  25.36  ibe.  per  ton  of 

Gross  weight  of  train        110  L     the  gross  load. 

Or  thus  by  bulk  : 

Engine  and  tender  of  50  tons  x  36       lbs.  =  1800     lbs. 
Train  of  60  tons  x     9'33   „    =    559'8  „ 

„     bulk  of  10,800  cubic  feet  X       '05  „    =    540      „ 

Total  resistance         =  2899-8 

=26 '36  lbs.  per  ton,  as  before. 

Gross  load       ,         .       110 

By  taking  the  total  resistance  of  the  train  at  once  it  shortens  the  calculation. 

Thus,  50x36  =  1800 
And  for  total  resistance  by  Table 

we  have  18-33  lbs.;  and  00  x  18'33  =  10D9'8 

Total  resistance         =  2899 '8 

=  20*36  lbs.,  as  before. 

Gross  load       .         ,       110 

For  the  resistance  to  the  above  train  on  a  gradient  of  1  in  100,  requires  to  be  added 
the  gravity  due  to  the  incline,  which  by  Table  V.  is  22*4  lbs.  per  ton;  therefore 
26*36  + 22'4  =  48'76  lbs.  as  the  resistance  per  ton  of  a  gross  load  of  110  tons,  np  a 
gradient  of  1  in  100,  at  50  miles  an  hour. 

The  Diagram  of  Resistances  greatly  facilitates  the  calculation  of  the  resistances 
found  from  the  formula,  and,  if  constructed  on  a  large  scale,  would  do  so  with  suffi- 
cient accuracy  for  all  ordinary  purposes. 
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Ex. — Taking  the  same  data  aa  last  example, — required  the  resistance  in  n».  per 
ton  on  a  level  railway,  and  calm  day  t 

The  velocity  being  50  miles  and  the  train  60  tons,  by  referring  to  the  Table,  and 
following  the  '  50  miles  *  vertical  line  until  it  intersects  the  *  60  tons  engine  and  ten- 
der '  line,  we  have  36  lbs.,  which,  maltiplied  by  the  weight  of  the  engine  and 
tender,  50  tons,  =  1800  lbs.  Again,  following  the  *  50  miles  *  vertical  line  until  it 
intersects  the  train  line  of  resistance,  we  have  IS^lbs.,  say  18*33  fibs,  x  60  tons 
=  1099-8  fts.  +  1800  fts  =  2899*8  lbs.  total  resistance,  divided  by  110  tons  (the  gross 
load)  =26 '36  lbs. 

Another  example  wiU  illustrate  the  facility  with  which  this  Diagram  of  Resistances 
can  be  applied. 

Ex. — Required  the  resistance  of  a  train  of  70  tons,  engine  and  tender  50  tons,  at 
60  miles  an  hour,  on  a  level,  also  the  resistanco  on  a  gradient  of  1  in  800  ? 

By  the  Table  we  find  the  *  60  mile '  vertical  line  intersects  the  *  70  ton '  engine  and 
tender  line  at  45  lbs.,  and  the  train  line  at  nearly  23  lbs.  (by  calculation  22*90  fts.) ; 

Therefore,  Engine  and  tender  of  50  tons  x  45  lbs.  =  2250  lbs. 
and  Train  of  70  tons  x  23  lbs.  =  1610  ,, 

3860  r  tons,  =  32*16  lbs.   per 
Divided  by  the  gross  load  =  -j^q  \      ton,  on  a  level. 

For  the  gradient,  by  Table  V.  the  resistance  due  to  1  in  100  is  22*4  lbs.  ;  hence  22*4 
-r-  8  =  2*8  lbs.  as  the  resistance  per  ton  due  to  a  rise  of  1  in  800 ;  and  32*16  +  2*8 
=  84*96  lbs.  per  ton  on  a  gradient  of  1  in  800. 

Resistance  of  the  Blast  Pipe. 

As  the  blast  pipe  is  a  distinct  and  important  part  of  a  locomotive  engine,  we  will 
now  endeavour  to  ascertain  its  practical  value  for  engines  of  the  class  of  the  '  Great 
Britain.' 

The  resistance  of  the  blast  pipe  was  deducted  from  all  the  experiments  recorded  in 
Table  III.  In  addition,  therefore,  to  the  resistances  already  considered,  the  steam  has 
to  overcome  that  of  the  blast  pipe.  The  indicator  cards  taken  during  these  experi- 
ments, as  given  in  Table  VIII.,  supply  valuable  data  of  the  relations  between  front  and 
back  pressure,  also  between  the  load,  the  velocity,  and  the  pressure  on  the  piston. 
From  this  record  of  67  indicator  cards,  it  appears  that  the  back  pressure  follows  the 
ratio  of  the  mean  pressure  on  the  piston,  regulated  by  its  velocity  ;  and  that  whilst  a 
heavy  load  increases  the  mean  pressure  on  the  piston,  the  per-centage  of  back  to  front 
pressure  remains  nearly  the  same  as  with  lighter  loads  at  similar  velocities. 

The  pressure  of  the  steam  in  the  boiler  will  regulate  that  of  the  steam  admitted  to 
the  cylinder  until  the  communication  is  cut  off  by  the  slide  valve.  The  degree  of 
expansion  of  the  steam  so  cut  off  will  then  regulate  the  mean  pressure  on  the  piston 
so  that  it  may  be  generated  under  a  pressure  of  90  lbs.  in  the  boiler,  and  only  aver- 
aging 20  lbs.  in  the  cylinder.  It  is  therefore  the  lbs.  of  steam  cut  off  in  the  cylinder 
which  regulate  the  resistance  of  the  blast  pipe ;  for  if  it  be  expanded  during  three- 
fourths  of  the  stroke,  a  low  bock  pressure  will  result ;  but  if  only  expanded  during 
one-fourth  of  the  stroke,  a  higher  back  pressure  will  be  produced, — so  that  the  mean 
pressure  on  the  piston  indicates  the  degree  of  expansion  in  the  cylinder.  The  general 
increase  being  nearly  in  the  ratio  of  the  square  of  the  pressure,  it  has  been  so  estimated 
in  the  law  for  calculating  the  resistance  of  the  blast  pipe.  The  velocity  of  the  piston 
in  feet  per  minute,  the  orifice  of  the  blast  pipe,  and  the  capacity  of  the  cylinder,  are 
the  remaining  elements  of  that  law. 

The  formula  (from  which  the  theoretical  columns  of  back  pressure  in  the  Table 
have  been  calculated)  embi-aees  all  these  in  the  following  manner : 
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To  the  square  of  the  mean  pressure  in  lbs.  per  square  inch  +  the  velocity  of  the 
piston  in  feet  per  minute,  x  by  the  ratio  of  the  capacity  of  the  cylinder  to  the  area 
of  the  orifice  of  the  blast  pipe,  and  by  '00001,  for  the  back  pressure  in  Ib«.  per  square 
inch  agabfit  the  piston.  If  we  call  the  pressure  p,  the  velocity  v,  the  ratio  of  the 
cylinder  and  blast  pipe  R,  the  formula  would  stand  thus  : 

p2  +  y  X  R  X  '00001  =  back  pressure  in  lbs.  per  square  inch. 

It  is  submitted  as  an  empirical  law  only,  limited  at  present  to  engines  of  the  dsas 
of  the  *  Great  Britain,*  until  future  experiments  shall  determine  whether  it  is  appli- 
cable to  other  classes  of  locomotives.  Its  .ipplication  is  simple,  and  will  now  be 
expUined  by  an  example. 

Ex, — Let  a  locomotive  engine  have  cylinders  18  inches  dmmeter,  2-fi^t  stroke, 
blast  pipe  5  inches  diameter,  driving  wheels  8  feet  diameter,  velocity  56*6  miles  per 
hour,  mean  pressure  on  the  piston  79*4  lbs.  per  square  inch ;  required  the  back  pres- 
sore  against  the  piston  ?    (Sec  Table  YIII.) 

For  capacity  of  cylinder  we  have  18-  x  -7854  x  24  =  610725  _ 
For  area  of  orifice  of  blast  pipe  wo  have  5-  x  '7864  =     19-035 

for  the  ratio  between  the  cylinder  and  bJa&t  pipe. 

For  the  velocity  of  the  piston  we  have  by  Table  VI.  210 '1  (revolutions  for  an  8>feet 
wheel  per  mile)  x  4  =  840*4  feet  travelled  by  the  piston  per  mile  ;  hence  840*4 -f-60 
=  14*0  as  the  ratio  nearly  between  the  miles  per  hour  of  the  driving  vheel  and  the 
feet  per  minute  of  the  piston,  and  which  has  been  adopted  in  calculating  the  resist- 
ances in  Table  VIII. 

Therefore,  (79*4-  +  l^(j-^)  x  14  x  311  x  "00001  =  22068  lt>s.  per  square  inch  for 
the  back  pressure. 

By  referring  to  the  Table  it  will  be  seen  that  the  experimental  result  was  22*5,  bo 
that  the  formula  gives  a  near  approximation  to  the  practical  value  of  the  back  pres- 
sure for  engines  of  the  class  of  the  '  Great  Britain.'  It  also  gives  results  varying  with 
every  varying  ratio  of  cylinder  to  blast  pipe.  Applied  to  some  experiments  made  by 
Mr.  J.  Farkes,*  it  gives  results  nearly  the  same  as  he  arrived  at  by  removing  the 
blast  pipe.  From  these  experiments  Mr.  Farkes  concluded — *'That  the  connter- 
resistance  from  the  blast  augments  and  diminishes  with  the  pressure  on  the  piston, 
and  that  it  is  independent  of  the  velocity  of  the  pisU)n  ;  for  in  all  these  observations  it 
only  rose  with  the  velocity  when  the  pressure  was  increased.** 

The  more  extensive  series  of  observations  taken  by  ^Ir.  D.  Gooch  confirm  the  first 
part  of  this  conclusion,  but  show  that  it  is  modified  by  the  velocity  of  the  piston.  Aa 
the  Comte  De  Fambour  does  not  give  the  pressure  in  the  boiler  or  on  the  piston, 
during  the  experiments  he  made  (regarding  back  pressure  as  due  to  velocity  only),  we 
cannot  compare  his  experiments  with  the  formula  now  submitted. 

Mr.  D.  Gooch  states  that  ''in  the  'Ixion*  engine,  the  blast  pipe  of  which  was  ^Hl 
of  the  area  of  the  cylinder,  with  the  driving  wheel  7  feet  in  diameter,  and  the  steam 
cut  o£f  at  13^  inches  of  the  stroke,  the  loss  from  the  back  pressure  at  different  velo- 
cities was  2*1  per  cent,  at  7  miles  an  hour  ;  11*6  percent,  at  20  miles  ;  15*8  per  cent, 
at  40  miles  ;  and  21  per  cent,  at  60  miles ;  and  the  indicator  cards  accompanying  tha 
Experiments  on  the  Bcsistance  of  Trains  also  shew  nearly  similar  results.** 

These  cards,  it  has  been  seen,  shew  that  the  back  pressure  increases  generally  in 
the  ratio  of  the  pressure  regulated  by  the  velocity,  and  that  the  larger  the  orifice  of 
the  blast  pipe  is  to  the  capacity  of  the  cylinder,  the  less  back  pressure  there  will  be  at 
all  velocities. 

•  The  ratio  of  the  orifice  of  the  blist  pipe  to  the  cylinder  wa»  jA  j  in  that  case. 
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TABLES   OF   RESISTANCES  TO    RAILVTAY  TRAINS. 

TABLB  I. 

Talk  of  the  Time  occupied  in  running  J,  J,  J,  and  1  mile;  also  the  Difference  f^f 
Time  in  the  Rates  of  Velocity  per  mite,  and  the  Speed  in  feet  per  minute  of  tlie 
Engine  or  Travn^from  1  to  90  miles  an  hour. 


TIME  OP  RUNNING. 
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•  For  miles  and  fractions  of  a  mile,  multiply  the  speed  given  by  88  for  the  speed  in  feet  per  minatc. 

EXPLANATION. 

Having  tbo  Telocity  given  for  J,  |,  or  J  of  a  mile, — required  the  rate  of  «pcctl 
per  horir  ? 

Find  the  particular  velocity  of  the  one  nearest  to  it  nndcr  the  proper  column,  and 
opposite  to  it,  in  the  column  '  per  hour,*  is  the  rate  required. 

Ex, — If  the  time  in  running  J  of  a  mile  ia  16  seconds, — ^required  the  rate  per 
hour? 

Ans, — Under  the  column  *  J  mile*  the  nearest  number  is  10-07,  and  oppotsite  to 
that  number,  in  the  '  per  hour '  column  ia  f>^  miles,  the  rate  of  speed  required. 
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aftet  materially  the  amoaia  of  retUtaaee :  eakuiattd  from  Pomtula. 
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"Nolt, — Thu  canection  for  grjkTity  on  007  gireii  inclinatioit  ii  of  course  tiaUj 
applied  to  the  rcaalts  of  the  formuli.  Iti  cases  of  Bccelenting  and  retarding  velocitiei 
a  C'lrreclioD  will  be  roquUilc,  oa  account  of  pui  of  the  traia  being  in  rotstorj 
motian.— (See  Hcport  of  Ktr.  E,  Wood,  page  243  o(  '  Beport  of  Britiih  A«*oc!atioii, 
1841.)  It  ia  ecarcci;  neceisar;  ti  caution  Bnginecra,  that  in  appljiog  ibe  remit*  of 
BDch  a  Table  as  the  above  for  practical  purposes,  care  must  be  taken  that  Ibe  circam- 
Btances  ossamcd,  and  Dcoe^Barll;  so,  in  the  formula  auggested,  colnciile  *ith  (hs 
actoal  circQiDSlaDeea  of  tUc  case  to  wblc)i  il  is  sought  to  apply  t:he  formnhi." 

For  mile*  not  in  this  Table,  take  the  mesa  resiitanccs  hetneen  the  tiro  nearest  nule- 
•gea  for  the  reiistanee  doe  to  the  c>en  miles  per  bour.      Thus  foe  »  tiain  of  18  too* 

12-6  +  13-3 
at  21  mile*  an  lionr,  and  frontage  60  feet,  lake  fgr  20  miles  j"" —  '■"  ^^  '"''*• 

=  12'S5  lbs.  a(  21  miles  x  IS  tons  =  233-1  Ihi.  for  Crictian  and  coaciuiion  r«ust- 
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TABLE  IV. 


Talh  lo  facdilait  At  Caiadatian  0/  SeiUtancet  lo  Sroad-gauge  ZonunaCira  Enyint* 
of  iht  dan  of  tkt  '  Qrtat  Brilain '  (we^Ainjr  o&out  50  torn),  and  Traim,  in  0>». 
per  ton,  and  in  Ibi.  ptf  cuHefool  of  Bulk,  on  a  eafnt  dai/,  on  a  tnellint  in  ijood 
ordrr,  tcilh  Engine,  Tender,  and  Carriage!,  olw  tn  gaod  \Mrhing  order,  from  5  lo 
IS  milft  per  hour :  eaieulattd  from  Pomiila,  page  SSi,  baied  on  the  Indieaior 
and  Dynamometer  Traction  of  the  Experimenti  aadt  b)  Mr.  D.  Qaoeh,  oa  Iht 
BritUil  and  Extitr  Sailie^. 
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tlole. — Par  mtlaa  ud  t«nih  F4rta  of  ft  mile,  the  letutenee  ii  fonnd  b;  mnltipljbB 
th«  number  oF  tenthi  bj  one-tcntb  (he  difTerencc  betirecii  tbe  two  neatest  mileage^ 
and  adding  it  to  tbe  tesiataoce  for  tba  wliola  nomber. 

TKoa  for  the  tnuD  reaiataooe  for  61-3  rnilei  pet  bonr,  take  for  62iiu]ea23'B0— 
■3  +  33-15  «  23'GO  Ha.  im  ton  j  and  in  Ulce 


3-45  for  61  milet  on  hour  ■ 
lanner  for  any  other  n 
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TABLE  V. 
Table  of  Gradientt,  and  Rtnstance  per  ton  fur  each  Gradient. 


<     Vertical  Rise. 

GraTity  '. 

due  to 

1      —1 1  .^  ^ 

incline 

Ratio 

per  mile- 

per  ton. 

One  in 

Feet. 

Ib^. 

100 

52- 

80 

22-40      , 

99 

53' 

33 

22-626 

98 

53' 

83 

22-858    : 

97 

54' 

43 

23-092 

96 

55 

00 

23-334 

95 

55' 

60 

23-579 

94 

56" 

17 

23-830 

93 

56' 

77 

24-086    ' 

92 

57' 

52 

24-342 

91 

58' 

02 

24-614 

90 

58' 

QQ 

24-888 

89 

69' 

33 

25-168 

88 

60 

0 

25-454 

87 

60' 

69 

25-746 

86 

61' 

39 

20-046 

85-16 

62' 

00 

26-303 

85 

62 

12 

26-353 

84 

62 

86 
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83 

63 

■61 

26-988 

82 

64 

39 

27-317 

81 
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•20 

27718 

80 

66 

•0 

28-00 

79 

66 

•83 

28-355 

78 

67 

•69 

28718 

77 

68 

■57 

29-090 

76 

69 

•47 

29-472 

75 

70-40 

29-867 

VerticU  Riae. 

RaUo 

per  mile. 

One  in 

Feet. 

74 

71-38 

73 

72-32 

72 

73-33 

71 

74-36 

70 

76-43 

69 

76-49 

68 

77-64 

67 

78-81 

QQ 

80-0 

65 

81-23 

64 

82-50 

63 

83-81 

62 

85-16 

61 

86-55 

60 

88-00 

59 

89-49 

58 

91-03 

67 

92-03 

bQ 

94-28 

55 

96-00 

54 

97-77 

53 

99-62 

52 

101-53 

51 

103-52 

50 

105-60 

49 

10775 

48 

110-00 

Grayity 
due  to 
incline 

per  ton. 


lbs. 


30 
30 
31 
31 
32 
32 
32 
83 
33 
34 
35 
35 
36 
36 
37 
37 
38 
39 
40 
40 
41 
42 
43 
43 
44 
45 
46 


270 

685 

111 

550 

000 

464 

940 

432 

940 

460 

0 

555 

108 

720 

333 

966 

620 

298 

0 

726 

480 

264 

076 

920 

800 

716 

688 


47 
46 
45 
44 

48 
42 

41 
40 
39 
38 
37 
86 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 


Feet 
112-34 
11504 
117-33 
120-0 
122*78 
12571 
128-78 
132-00 
135-38 
138-95 
142-70 
146-66 
150-84 
155-30 
160-0 
1650 
170-82 
176-00 
182-06 
188-56 
195-55 
203-06 
211-20 
220-0 
229-56 
240-0 
251  -43 


GraTitj 

due  to 

iDcIioe 

per  ton. 


lbs. 
47-660 
48-684 
49777 
50-908 
52  09-2 
53-333 
54*634 
56-00 
67*436 
58-944 
60-540 
62*222 
64*000 
65*880 
67-880 
70*0 
72-216 
74-666 
77-240 
80  00 
82-960 
86-152 
89*60 
93-336 
97*368 
101*816 
106*666 


TABLE  VI. 

Tahle  of  the  Number  of  Revolutions  of  the  Driving;  Wheels,  or  double  SlroJces  of  the 

Piston f  j)cr  minutCf  at  the  following  given  Speeds, 


Revolutions  of  Wheels,  or  double  Strokes  of  the  Piston,  per  Minute. 

o 
u 

OB 

i 

No. 

PIAUETER8  OF  PHIYINO  WHEELS. 

4  ft. 

4^  ft. 

6  ft. 

6^  fr.            6  ft. 

Gift. 

7  ft. 

7ift. 

8  ft. 

No. 

No. 

No. 

No. 

No.            No. 

No. 

No. 

No. 

210-18 

189-54 

16818 

15285 

140-04 

129-30 

120 

112-02    105 

30 

245-21 

221-13 

196-21     177-29 

163-33 

150*85 

140 

130*69 

122-5 

85 

280-24 

252-72 

224-24 

20376 

186-72 

172-40 

160 

149-36 

140-0 

40 

315-27 

284-30 

252-27     229-23 

210-06 

193-95 

180 

168*03 

167-5 

45 

360-30 

315-90 

280-30  1  254-75 

233-40 

215-50 

200 

18670 

175  0 

50 

385-33 

347-49 

308-33  1  280-17 

256-74 

237*05 

2-20 

205-87 

192*5 

55 

420-36 

379-08 

336-36  1  305-64 

280-5 

258-6 

240 

224*04 

210-1 

60 

455*39 

416-G7 

864-39     331-11 

303-42 

280-15 

260 

24271 

227-6 

65 

490-42 

442-19 

392-42  1  35G-58 

326-76 

301  -70 

280 

261-38 

245 

70 

525-45 

473-85 

420-50  j  372-05 

350-10 

323-25 

300 

280-05 

262-5 

75 

660-48 

605-60 

448-48  '  407-60 

1 

373-44 

344-80 

320 

298-72 

280 

80 

STEAM   ENOINEj   LOCOMOTIVE. 


533 


TABLE  VIL 

Table  of  the  RaulU  of  various  Experitnents,  ihewing  the  resitiance  to  Trains  of 
different  Weiffhte  and  different  Velocities,  in  all  cases  where  such  velocities  have 
been  uniformly  maintained  in  ccUm  weaihtr,  vn  Lines  of  wniform  indinaiionf  and 
free  from  sharp  curves  ;  the  road  and  carriages  being  in  good  working  order.  The 
resistances  are  measured  either  by  the  ^ect  of  gravity  on  inclined  planes,  or  by 
the  difference  of  pressure  on  the  travelling  piston  of  the  Atmospheric  Railway 
apparatus,  except  in  two  cases  marleed  with  a  f ,  in  which  the  resistance  is  indicated 
approximately  by  the  ^tct  theoretically  due  to  steam  generated  and  made  use  of 
under  known  conditions  in  a  Locomotive  Engine, 


iJoclty 
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our. 
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loclty 

in 

onr. 
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* 

>lt 

S| 

8|-, 

^If 
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s§  , 

No.  of 
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§1^ 
0*5  :r 

pas 

Miles. 

Weight. 

Is 

Us. 

lbs. 

Wind. 

1 

No.  of 
carriages. 

Weight 

5- 

Wind. 

No. 

Tons. 

lbs. 

1 
1 

No. 

Miles. 

Tons. 

lbs. 

lbs. 

2 

14 

9- 

12-6    13-9 

Fayble. 

6 

34 

30-4 

250 

23-1 

Nearly  calm. 

2 

14 

9- 

12-6  !  13-9 

4 

34 

18  05 

23-4 

27-2 

Fayoarable. 

4 

16 

20-5 

8-5    13-2 

6 

35 

21-5 

22-5 

26-1 

Calm. 

8 

19 

40-75 

8-5    12-9 

11      1 

E.T.&9 

36 

64- 

22-5 

22-4 

II 

8 

20 

40-75 

8-5    141 

4 

37 

20-4 

250 

28-4 

Favourable. 

4 

21 

IS- 

12-6   16-7 

**      1 
If      1 

3 

39 

24  0 

30  0 

31-0 

II      B. 

4 

21 

IS- 

12-6    16-7 

"      1 

E,T.&13 

45 

111- 

30-3 

249 

Nearly  calm.f 

4 

23 

20-5 

12-6    17-5 

E.T.&3 

46 

54- 

80- 

27-6 

Light,  fav.  B. 

8 

25 

40-76 

12-6    16-6 

3 

47 

31-75 

337 

33-1 

Light,  against 

8 

26 

40-75 

12-6    171* 

6 

50 

80- 

32-9 

85-8 

Calm. 

8 

27 

40-75 

12-6    17*7 

5 

53 

25- 

41-7 

42  1 

If 

4 

31 

15-6 

23-4    25-4 

^ 

5 

55 

26- 

36- 

48-5 

Light,  against. 

4 

82 

14-5 

22-5    27-2 

Calm. 

B.T.&6 

55 

93- 

41-3 

81-6 

Calm,  t  B. 

B.T.&6 

33 

44- 

22-5    22-7 

1 

II 

4 

61 

21-5 

526 

54-8 

II 

Note.—E.  T.  signifies  that  tliese  experiments  were  made  with  an  engine  and  tender  in  front 
All  the  others  were  made  with  carriages  only. 
•  Space  between  carriages  made  up  with  stretched  canvas.     B.  Experiments  on  broad  gauge. 
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TABLE  VIII. 

Talk  ihtKoig  the  Rauiancc  eaiucd  b/i  the  Btait  Pipe  in  Va.  and  ptr  ceitl.  of  Iht 
Tula!  Prnaare  on  the  Piilim  al  varioiu  Prttxira  and  Ydoeiliti,  at  lai-n  from 
t!ie  cylinder  of  the  '  Qrtat  Ilritain'  (Irroad-gauge)  loeomoliFt  engine,  bi/  Indieator, 
during  lilt  kx/ierimenta  uiadc  hi/  Mr,  D.  Ooiich  far  the  Raittcai/  OommiuiotKTt. 
(S«  TubU  III.)  Alto  Ihe  Back  Pruiiire,  calculated  by  ike  Formula  P=  +  V  ■  U 
K  'OOOOl,  page  62lJ.  Ihiziug  vtheelt  8  feet  diameter,  cylinder  IS  incha  diameter 
and  24  iuchtt  ilroke.  OrOice  of  blatl  pipe  G  ineliei  diameter,  ^mn  parii 
13x2  =  26  I'ncAu.  Lead  of  tlide  rairt*  J  inch  fall,  fiUed  Hp  tcilK  crpantion 
gear.     Exitaati  port  13  x  3^  -  i5\  inchet. 


Bxirccimetil*  nith  En  gin? 

onil  Tender  CO  Tons, 
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•  PilmlDg  or  illFpiiif  wli«a  cird  VM  ttkin. 

JV(i/f, — A  more  condensed  Table  nf  llie  menu  resistinces  for  each  yebcily  would 
litkre  gWi'n  f:iir  nvtrngta  iiilli  feucr  Tarinlions  tli»ii  li;  giving  tbcm  alt  sepiralety. 
As,  Lowetcr,  llieji  were  lalicii  uudur  all  tbe  cLongiug  circuioBtaDCea  from  calm  to 
Btonnj  waitliLt — from  velucilicH  of  13  to  62  tnilea  da  lioar — Blipping — when  prijniiig 
van  obEcrvcd,  iiud  [irobaUjr  nlfo  «beu  it  vas  witb  otLcr  contingencies  not  obserred, 
tbej  fumi  n  Tsluable  record  of  the  practical  Tariatiana  taking  pLiec  in  a  locomutire 
cjlinJcr.  It  will  U  ol)servct'  that,  as  a  whole,  thej  fgllow  nearly  tha  general  law 
of  the  fonnoJit. 
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SEonoH  m. — QVALiriciTiovs  07  xiroiini  drxyirs  ahd  vibv-xeh  * 

Tickets. — Each  engino-man,  before  going  oat  -with  his  train,  must  procure  from  his 
foreman's  office  a  train  and  coke  and  mileage  ticket,  to  be  filled  up  by  him  in  the 
following  manner  :  First,  the  exact  time  at  which  the  train  is  started ;  second,  the 
number  and  description  of  the  carriages  in  the  train  ;  and  upon  arriving  at  the  end  of 
his  trip,  he  must  enter  the  time  of  his  arriral,  with  any  remarks  he  may  hare  to  make 
upon  his  trip,  such  as  being  assisted  by  another  engine,  how  far  assisted,  and,  if  late, 
the  cause  of  the  delay. 

On  the  coke  and  mileage  ticket  he  must  enter  the  number  of  tripe  he  runs,  the 
names  of  the  stations  between  which  they  are  run,  and  the  number  of  miles  ;  also  the 
Ume  his  engine  stands  as  a  pilot.  On  this  ticket  must  also  be  entered  the  weight  of 
coke  he  receiyes  during  the  day,  attested  by  the  signature  of  the  coke-man  where  it  is 
received  ;  the  engine-man,  in  turn,  signing  the  coke-man's  book  for  the  quantity  he 
received.  Great  attention  should  be  given  that  these  tickets  are  properly  filled  up,  as 
they  exhibit  very  accurately  the  performances  of  the  engines,  when  carefully  made 
up  by  each  engine-man.    Neglect  of  propefientries  should  be  punished  by  a  small  fine. 

Time  hill. — Every  engine-man  must  take  his  time-table  with  him,  and  regulate  by 
it  the  speed  of  his  engine  as  he  proceeds  ;  the  great  object  being  to  keep  the  train 
going  at  the  speed  required,  from  which  he  should  vary  as  little  as  possible,  in  order 
that  he  may  arrive  at  all  the  stations  as  punctually  to  the  time  as  is  practicable. 

Whistles,  when  to  be  used. — The  whistle  is  intended  to  be  used  as  a  signal  of  atten- 
tion or  of  danger,  and  it  must  be  sounded  on  approaching  stations,  level  crossings, 
and  tunnels ;  also,  during  a  fog,  snow-storm,  or  violent  rain,  it  must  be  sounded  every 
quarter  of  a  mile,  and  likewise  for  warning  any  persons  who  may  be  on  the  lino  of  the 
approaching  engine  and  train.  On  lines  where  only  one  whistle  is  used,  three  short, 
sharp  whistles,  rapidly  re];)eatc(],  is  the  signal  for  danger  ;  on  other  lines,  a  better 
description  of  guard's  whistle  is  used,  with  a  deep  tone.  When  either  of  these  signals 
is  made,  the  guard  must  immediately  apply  his  brakes,  and  do  all  he  can  to  stop  the 
train. 

Walter  and  coke, — The  engine-man  must  take  his  engine  to  the  water-crane,  have 
his  tender  filled  with  water,  and  receive  as  much  coke  as  will  carry  him  to  the  next 
watering  and  coking  station.  He  must  not  pass  one  of  these  stations  without  renew- 
ing his  supply  of  both  coke  and  water,  if  he  requires  it.  When  steam  is  blowing  off, 
the  hot- water  cock  should  be  turned  on  to  heat  the  water  in  the  tender,  and  he  must 
ha7e  a  full  boiler,  and  a  good  fire,  before  he  goes  to  the  train. 

Lamps.  — Before  dark,  or  in  the  evening  before  it  is  dusk,  or  in  a  fog,  the  engine- 
man  must  see  that  his  lamps  are  lighted  and  properly  fixed  in  their  places ;  and  if  he 
should  have  to  go  out  without  a  train,  then  he  must  fix  a  red  lamp  behind  the  tender. 
Should  he  be  on  the  lino,  through  any  unforeseen  cause,  without  his  lamps,  he  must 
procure  some  from  the  first  principal  station  he  comes  to. 

Going  to  ti'uin, — ^The  engine-man  having  assured  himself,  by  a  careful  examination, 
that  his  engine,  lamps,  tools,  and  spare  stores  are  all  in  good  order,  and  obtained  his 
train,  coke,  mileage  and  time  tickets,  must  cross  over  to  the  main  line,  in  front  of  the 
train,  five  minutes  before  the  time  of  starting,  unless  ordered  otherwise  by  some  supe- 
rior officer. 

Grea^^ution  must  be  used  in  placing  the  engine  against  the  train,  which  should 
be  done  without  moving  a  single  carriage,  in  order  to  guard  against  injury  to  any 
passenger  who  may  be  in  the  act  of  stepping  into  a  carriage  at  that  moment. 

Guards^  orders. — Every  engine-man  will  be  under  the  crders  of  the  first  guard  of 
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the  train  in  all  matters  affecting  the  starting,  stopping,  or  the  moyements  of  the  trAin. 
In  cases  of  accidcnti  he  must,  if  required,  disconnect  his  engine,  and  proceed  for 
assistance  as  he  may  be  instructed  by  the  first  guard.  He  must  also  giyo  both  his 
advice  and  assistance  to  the  guard  in  every  way  he  can  in  all  cases  of  accident^  sjod 
generally  obey  promptly  all  orders  or  signals  given  to  him,  whether  by  station  masters 
or  the  first  guards,  so  far  as  the  safe  and  proper  working  of  his  engine  will  admit. 

Engine  standing. — While  the  engine  is  standing  still,  whether  before  starting,  or  at 
a  station,  or  on  the  line,  for  however  short  a  time,  the  slides  must  always  be  thrown 
out  of  gear,  the  steam  shut  off,  and  the  tender  brake  screwed  tight  on,  until  the 
signal  be  given  for  starting.  The  engine-man  must  be  very  careful  to  start,  and  stop, 
steadily,  without  jerking  the  train,  and  not  shut  off  the  steam  too  suddenly  (unless  in 
cases  of  accident),  so  as  to  cause  a  concussion  of  the  carriages,  or  waggons,  to  the 
risk  of  passengers,  and,  in  cattle  trains,  to  the  injury  of  the  animals.  He  most  at  no 
time  leave  his  engine  without  seeing  the  above  rules  strictly  complied  with,  and  then 
not  without  placing  the  engine  in  charge  of  his  fire-man. 

Persons  on  tender. — Except  the  proflpr  engine-man  and  fire-man,  no  x>cr8on  is 
allowed  on  the  engine  or  tender  without  the  permission  of  the  Directors  or  one  of  the 
superior  officers  of  the  Company,  or,  in  case  of  need,  during  the  journey,  by  direction 
of  the  first  guard  of  the  train. 

Starting  the  train. — Every  engine-man,  on  receiving  the  signal  from  the  first  guard 
to  start  the  train,  must  sound  his  whistle  befobe  tubninq  on  the  steam;  then 
place  himself  by  his  hand  gear,  and  very  carefully  and  gradually  open  the  regulator, 
to  prevent  jerking  of  tho  carriages,  slipping,  priming,  or  other  injury  to  his  engine. 
When  the  engine  has  got  into  speed,  he  must  then  regulate  the  travel  of  his  slides^ 
according  to  the  load,  and  open  the  regulator  to  that  point,  determined  by  experience, 
where  the  generation  and  consumption  of  steam  take  place  with  greater  effect  and 
economy  than  when  the  regulator  is  full  open.  Nothing  should  induce  the  engine-man 
to  use  steam  of  a  higher  pressure  than  is  allowed  by  the  locomotive  superintendent. 

WaJtei'  in  the  cylinders. — The  condousod  steam  in  the  cylinders  must  be  allowed  to 
escape  by  the  steady  and  gradual  opening  of  the  regulator  and  likewise  of  the  cylinder 
cock,  as  the  sudden  opening  of  the  regulator  is  liable  to  break  the  piston  or  cylinder- 
cover  joints,  when  there  Is  water  in  the  cylinders. 

Priming. — When  priming  takes  place  from  the  boiler,  the  steam  must  be  partly 
shut  off,  and  the  fire  door  opened,  which  will  generally  stop  It.  But  if  it  arises  from 
the  boiler  being  too  full,  the  feeds  must  be  shut  off,  to  reduce  the  water  to  its  proper 
level.  When  the  boiler  is  not  too  full,  the  feeds  must  not  be  shut  off,  in  order  to  save 
the  tubes  and  fire-box,  which  would  thus  b;jcome  exposed  from  the  rapid  waste  of 
water  by  the  priming,  if  such  waste  was  not  kept  up  by  the  feeds. 

Slipping. — When  an  engine  begins  to  slip,  the  steam  must  be  nearly  all  shnt  o£^ 
and  carefully  regulated  until  slipping  ceases.  Engines  should  have  two  sand-boxes, 
which  should  then  be  opened,  that  equal  bite  may  be  given  to  both  driving  wheels 
from  the  sand  dropping  on  the  rails.  When  the  slipping  ceases,  the  slides  of  the  sand- 
boxes must  be  shut  off,  and  the  regulator  gradually  opened  to  its  proper  place.  A 
third  sand-box  is  used  for  backing  a  train  with. 

Feeding  water. — The  supply  of  water  to  the  boiler  must  be  carefully  regulated  so 
as  to  keep  both  feeds  on  at  an  uniform  rate  all  the  way,  thereby  keeping  the  boiler  at 
a  proper  and  equal  level,  for  the  more  rapid  and  regular  generation  of  steanf.  When 
near  the  end  of  a  trip,  the  feeds  may  be  gradually  increased  as  shall  be  required  to 
fill  up  the  boiler,  before  arriving  at  the  station.  The  feeds  should  at  no  time  be  too 
suddenly  opened,  as  doing  so  is  very  liable  to  break  the  clacks. 

Firing, — Coke  must,  as  far  as  possible,  be  put  on  the  fire  at  such  places  as  do  not 
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require  the  fall  power  of  the  engine.  The  steam  mtist  be  partly  shnt  off  when  coke 
is  put  on  the  fire,  as,  -vrhen  the  steam  is  fall  on,  the  strong  draft  carries  the  coke  up 
against  the  tubes,  and  is  liable  to  choke  them  up.  When  approaching  the  end  of  the 
trip,  the  small  coke  must  be  used,  and  the  fire  allowed  to  bum  as  low  as  will  take 
the  train  on  to  the  station  safely. 

Attention  to  Signals. — Every  engine-man  must  keep  a  good  look-out,  as  he  mores 
forward,  for  any  signals,  either  from  the  police  or  from  any  other  person,  or  for  any 
indication  of  danger  made  to  him,  or  which  he  may  observe  himself,  — all  which  he  is 
responsible  for  seeing  and  immediately  attending  to ;  and  he  must  obey  any  signal 
made  by  a  policeman,  or  gatekeeper,  even  if  ho  should  see  reason  to  think  such  sig-* 
nal  unnecessary.  The  lives  of  the  passengers  are  intrusted  to  his  care,  and  it  is  fully 
expected  that  he  shall  not  only  attend  to  every  signal  given  him,  and  to  all  his 
instructions,  but  also  that  he  will,  on  all  occasions,  be  vigilant  and  cautious  himself, 
not  trusting  entirely  to  signals  for  safety.     (See  article  '  Railway.*) 

Hand-flags  in  windy  weather  are  a  very  bad  signal,  painted  boards  being  much 
better,  as  they  always  shew  their  full  size,  whilst  the  wind  not  unfrequently  makes 
the  hand-flag  appear  a  mere  line. 

Waving  a  white  light  violently  is  also  a  signal  of  danger,  when  a  red  light  is  not  to 
be  had.  Fog,  night,  and  tunnel  signals  are  made  by  lamps  and  detonators  ;  day  sig- 
nals by  policemen,  hand-flags,  painted  boards,  and  high-mast  signals.  As  signals 
vary  on  different  lines,  each  engine-man  is  supplied  with  a  set  of  the  Bules  and  Regu- 
lations of  the  Company  he  is  employed  by,  describing  the  particular  signals  used,  and 
which  must  be  strictly  attended  to  on  every  occasion. 

Fire-men^ 8  duties. — Fire-men  are  to  be  entirely  under  the  orders  of  the  engine-men 
while  on  duty.  If  the  engine-man  is  engaged  with  any  part  of  the  engine,  the  fire- 
man must  keep  on  the  look-out,  and  act  for  the  engine-man,  and  they  must  never 
both  leave  the  engine  at  the  same  time.  The  fire-man  must  at  all  times  stand  up  and 
keep  a  good  look-out,  when  not  otherwise  engaged  in  attending  to  his  other  duties  ; 
and  he  must,  each  mile,  look  back  along  both  sides  of  the  train,  to  see  that  all  is 
right,  and  that  the  guards  are  not  signalling  by  hand  or  lamp  to  the  engine-man. 
When  the  fire-man  is  so  engaged  that  he  cannot  look  back,  he  must  warn  the  engine- 
man,  who  will  then  do  so  himself.  The  fire-man  must  also  be  ready,  at  all  times,  at 
a  signal  from  the  engine-man,  to  go  to  the  brake,  and,  when  approaching  any  station 
where  the  engine  is  to  stop,  or  observing  any  obstruction  on  the  line,  or  seeing  any 
signal  intimating  danger  or  caution,  it  is  the  duty  of  the  fire-man,  without  waiting  for 
orders,  to  go  to  the  brake,  and  to  warn  the  engine-man  instantly.  Should  the  engine- 
man  be  rendered  incapable  of  doing  his  duty,  whether  by  accident  or  otherwise,  the 
fire-man  is  to  take  the  management  of  the  engine  until  another  driver  can  be 
obtained,  proceeding  with  caution,  and  reporting  the  circumstance  to  the  first  guard 
at  the  earliest  opportunity. 

Quard^  aignaU. — Guards  should  regularly  signal  to  the  engine-man  that  all  is 
right ;  but  if  anything  is  wrong,  they  must  give  the  caution  or  danger  signal.  The 
usual  signal  from  the  engine-man  to  the  guards  is  by  three  short  sharp  whistles  on 
some  lines  ;  on  others,  by  a  deep -toned  guard*  s  whistle, — an  excellent  plan,  prevent- 
ing the  liability  of  any  mistake  whatever  in  the  use  of  the  whistles.  On  this  signal 
being  given,  the  guard  must  instantly  signal  that  it  is  understood,  to  the  fire-man, 
who  must  look  back  immediately  the  signal  is  given  by  the  engine-man,  to  observe 
which  signal  the  guard  gives.  This  signal  and  answer  must  be  made  within  the  first 
half  mile  after  starting  with  a  goods  train,  and  every  two  miles  afterwards  by  the 
guards  on  the  journey.  With  passenger  trains,  this  signal  must  be  made  every  mile 
on  the  journey  ;  the  whistle  being  used  only  in  cases  of  need. 
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Engine-men^ i  signals. — Engme-men  must  also  signal  one  another  when  on  the  roftdy 
by  standing  on  the  right-hand  side  of  the  engine,  so  as  to  be  next  eadh  other  in  pan- 
ing,  and  must  always  do  so  with  the  same  signals  as  those  nsed  on  the  line,  to  indicate 
whether  the  line  they  have  passed  is  clear,  or  whether  there  is  a  train  ahead,  or  any 
other  cause  of  danger  existing. 

All  trains  to  he  dravm, — No  engine  must  pass  along  the  wrong  line  of  road,  nor 
be  allowed  to  propel  a  train  of  carriages  or  waggons  ;  but  in  all  cases  it  mast  draw 
the  train  after  it  on  the  right  road,  except  in  case  of  an  engine  being  disabled  on  the 
road,  when  the  succeeding  engine  may  propel  the  train  slowly  as  far  as  the  fint 
*  shunt*  or  siding,  at  which  place  the  said  propelling  engine  shall  more  past  and  take 
the  lead.  In  case  of  the  road  becoming  stopped,  when  it  will  be  nnaYoidably  neoea- 
sary  for  an  engine  to  go  back  on  the  wrong  line,  the  engine-man  most  send  his  fire« 
man,  or  some  other  competent  person,  back  a  distance  of  not  less  than  half  a  mile 
before  his  engine  moves,  to  warn  any  engine  coming  in  the  opposite  direetion ;  and 
the  person  so  sent  back  must  continue  to  preserre  the  distanee  of  half  a  mils  between 
him  and  the  engine,  until  it  gets  into  the  right  line  again. 

Distance  between  engines, — All  engines  trayelllng  on  the  same  line  most  be  kept 
at  least  two  miles  apart,  unless  expressly  required  to  join  on  to  the  preceding  train  or 
engine,  which  the  engine-man  shall  approach  with  the  utmost  caution*  Such  a  step 
can  only  be  justifiable  under  a  pressing  necessity. 

Two  en^nes  worJcing  together, — When  two  engines  are  working  together,  the 
second  engine-man  must  watch  for  and  take  his  signahi  from  the  leading  tngine-man ; 
but  should  the  second  engine-man  discoTer  anything  wrong  with  the  train,  he  most 
blow  his  whistle  to  warn  the  first  engine-man,  that  the  two  engines  may  alwaja  dheek 
and  stop  together.  Engine-men  with  trains  requiring  assistance,  must  in  all  caae% 
with  passenger  trains,  allow  the  assistant  engine  to  go  in  front,  and  also  with  goods 
trains,  where  practicable. 

Part  of  train  detached, — When  any  part  of  a  train  is  detached,  while  in  motion, 
care  must  be  taken  not  to  stop  the  engine  or  train  in  front  before  the  detached  part 
is  stopped,  no  matter  whether  it  has  become  detached  intentionally  or  by  accident,  to 
prevent  a  dangerous  collision  with  the  carriages  in  front,  should  the  latter  stop  fint. 
Whenever  an  engine-man  finds  his  engine  disconnected  from  the  train  by  aeddent  or 
otherwise,  ho  must  keep  his  engine  ahead,  clear  of  the  train  altogether,  and  in  no  case 
pull  up  his  engine  until  the  train  has  been  stopped  by  the  aid  of  the  guards*  brakes^ 
when  he  can  move  backwards,  and  couple  on  to  the  train  in  the  usual  way. 

It  is  the  duty  of  the  guard  of  any  intentionally  detached  part  of  the  train  to  apply 
the  brake  so  as  to  stop  at  the  proper  place. 

Parsing  stations, — Every  engine-man  must  be  carefiil  when  he  passes  a  station,  or 
when  the  road  is  under  repair,  to  proceed  slowly  and  cautiously ;  and  he  must  %1'w 
do  so  whenever  he  sees  a  green  signal.  He  must  on  no  account  pass  a  rtd  signal^ 
or  any  other  which  he  understands  to  be  a  signal  to  stop,  but  bring  hie  engine  to  a 
stand  close  to  that  signal. 

Stopping  at  thfi  proper  station, — No  engine  or  train  of  any  sort  arnst  stop  at  any 
but  the  appointed  stations,  except  only  when  a  signal  is  given ;  or  in  case  of  aooident 
to  any  part  of  the  engine  or  train  ;  or  when,  in  the  judgment  of  the  engine-man,  it  If 
necessary  to  prevent  accident  or  collision. 

Caution  in  stopping  trains, — Engine-men,  in  bringing  up  their  trains,  must  pay 
particular  attention  to  the  state  of  the  weather,  the  condition  of  the  rails,  the  length 
of  the  train,  and  whether  on  a  level,  an  ascending  or  descending  incline,  in  determin- 
ing when  to  shut  off  the  steam,  so  as  to  reduce  the  speed  in  proper  time,  and  enable 
them  to  have  the  train  so  completely  under  their  command  as  to  stop  altogether,  if 
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neodssary,  before  reaching  the  platform.  Stations  moBt  not  be  entered  so  rapidlj  as 
to  require  a  yiolent  application  of  the  brakes,  and  the  use  of  the  carriage  brakes  must 
be  aroided  as  much  as  possible. 

Munning  on  main  Zin«.— No  engine  must  erer  be  mored  from  any  of  the  stations 
on  to  the  main  line,  except  when  the  engine-man  is  proceeding,  at  the  proper  time^ 
to  take  his  place  in  front  of  the  train.  When  on  the  main  line,  he  must  never  run 
beyond  the  limits  fixed  at  each  station,  without  a  regular  order,  filled  up  and 
signed  by  the  proper  foreman ;  and  he  must  strictly  follow  the  instructions  con- 
tained in  such  order,  both  as  regards  the  time  of  starting  and  the  place  and  time  of 
returning. 

Standing  on  main  line, — No  engine  must  be  allowed  to  stand  on  the  main  line 
(except  under  yery  special  circumstances)  when  not  attached  to  a  train ;  and  no 
engine-man  must  leaTe  his  engine  or  train,  or  any  part  thereof,  on  the  main  line, 
unless  there  be  a  competent  person  in  charge  to  make  the  necessary  signals  :  neither 
must  any  engine  cross  the  line  of  railway  at  a  station  without  i)ermi8sion,  or  run 
tender  foremost,  without  the  orders  of  the  looomotiye  superintendent^  or  from 
unavoidable  necessity. 

EXTRA  TBilNS. 

Signal  for  e:dra  train. — ^Whenerer  a  red  board,  or  flag,  by  day,  or  an  extra  red 
lamp  by  night,  is  carried  on  the  last  carriage  or  waggon  of  a  train,  it  is  an  indication 
that  a  special  or  extra  train  is  to  follow,  that  the  road  and  stations  may  be  kept  clear 
for  it. 

On  tingle  line. — To  avoid  risk  of  collision  on  single  lines,  from  the  meeting  of 
another  engine,  no  extra  engine,  with  or  without  a  train,  must  be  allowed  to  pass 
along  the  line  without  previous  notice. 

LUQGAGX  T&AIHS. 

Approaching  stations. — Engine-men  with  luggage  trains  must  approach  all  stop- 
ping places  at  a  speed  not  exceeding  12  to  15  miles  an  hour  when  within  a  quarter  of 
a  mile  of  the  stopping-place ;  and,  when  necessary,  they  must  signal  the  guards  or 
brakes-men  before  they  apply  the  tender  brakes. 

Uncovered  waggons. — Engine-men  must  refuse  to  take  up  luggage  waggons  if  they 
contain  any  goods  of  a  nature  to  take  fire  from  a  spark  fulling  amongst  them,  unless 
they  are  properly  covered  and  tied  down. 

Goods  trains  into  sidings, — Engine-men  of  luggage  trains  must  not  pass  any  siding 
or  crossing  when  there  is  a  passenger  train  coming  in  the  same  direction,  due  within 
fifteen  minutes,  but  must  remove  from  the  main  line  to  the  siding  ;  and  generally  all 
luggage,  coal,  and  ballast  trains  must  give  way  to  passenger  trains  by  going  into  the 
nearest  sidings. 

REPAIRIHG  no  AD. 

Ballasting. — When  any  ballast  train  shall  stop  on  the  main  line  to  load  or  unload 
ballast  or  other  materials,  the  engine-man  must  send  a  ballast-man  back,  at  least  a 
mile,  with  a  red  signal  flag,  or  board,  by  day,  or  a  red  lamp  by  night  ;  and  the  man 
must  stand  there^  on  the  look-out,  until  the  ballast  train  has  moved  off  ten  minutes, 
and  stop  any  coming  engine  or  train,  and  inform  them  of  the  position  of  the  ballast 
train.  No  ballasting  permitted  in  foggy  weather,  unless  by  a  special  order,  or  under 
the  most  urgent  circumstances. 

Caution  for  repairs. — When  repairs  of  the  road  are  going  forward,  and  persons 
employed  on  the  permanent  way  have  the  use  of  the  road,  a  signal  of  danger  may  be 
given  by  those  persons,  cither  by  'a  red  flag  or  a  red  lamp  ;  and  on  observing  this 
signal  the  engine-man  must  immediately  stop  the  train. 

Train  o/emp<M».— Engines  running  alone,  or  with  a  train  of  empty  carriages  or 
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waggons,  must  not  exceed  a  speed  of  25  miles  an  liour  without  special  orders  ia  ea(^ 
case,  or  from  urgent  necessity. 

ACCIDENTS. 

Stoppages, — In  case  of  any  accident  to  the  engine  or  train,  causing  a  complete 
stoppage,  the  engine-man,  after  giving  such  directions  to  his  fire-man  to  open  the 
fire  door,  rake  out  the  fire,  or  otherwise,  as  may  be  necessary  for  the  safety  of  the 
engine,  must  immediately  seek  the  first  guard  of  the  train,  and  communicate  with 
him,  and  receive  his  directions  ;  and  in  the  absence  of  the  first  guard,  the  engine- 
man  must  himself  ascertain  whether  the  engine  and  train  are  clear  of  the  opposite 
line,  and  of  any  train  passing  upon  it,  and,  if  they  do  not  appear  quite  clear, 
remove  the  passengers  from  the  carriages.  He  must  also  send  back  a  guard  or  his 
fire-man,  or  a  special  messenger,  to  the  next  policeman,  to  stop  any  trains  coming 
up.  If  dusk  or  dark,  he  must  see  that  the  carriage  lamps  in  front,  and  his  engine 
lamp,  all  show  red  lights  forward,  and  the  tail  lamps,  as  usual,  shew  a  red 
light  backwards. 

JIand  pump. — Whenever,  through  any  accident,  an  engine  has  to  stand  with  steam 
up,  the  hand  pump  must  be  worked,  to  keep  up  the  water  in  the  boiler,  the  fire  door 
opened,  the  damper  shut,  and  other  means  used  to  prevent,  as  far  as  practicable,  the 
generation  of  steam. 

Detonating  signaU.  — Every  engine-man  should  be  supplied  with  detonating  signals, 
which  he  is  responsible  to  have  always  ready  for  use  when  on  duty.  When  a  stoppage 
occurs  in  foggy  weather,  or  at  night,  one  of  these  signals  must  be  placed  on  the  rails, 
every  200  yards,  until  the  guard,  fire-man,  or  messenger  has  gone  back  a  mile  at 
least ;  and  at  the  end  of  that  distance,  two  of  them  must  be  placed  on  the  nulk 
When  any  such  accident  happens  in  a  tunnel,  the  engine-man  should,  if  required, 
occasionally  hold  down  the  steam  valve,  to  prevent  the  noise,  and  allow  orders  to  be 
given  and  heard  more  readily.  If  dark,  and  without  a  red  lamp  or  detonating  signals, 
the  man  sent  back  must  make  a  signal  by  waving  his  light  up  and  down  violently.  If 
by  day,  he  must  signal  with  the  red  flag,  or  board,  or  hands,  and  must  in  all  cases 
remain  until  relieved  by  a  policeman,  or  the  obstruction  has  been  removed. 

Both  lines  stopped. — Should  the  accident  stop  both  lines  of  raib,  then  the  same 
precautions  must  be  taken  to  place  the  signals  on  the  opposite  line  of  rail  to  that 
which  the  train  is  on,  but  in  a  contrary  direction,  so  that  both  lines  of  rails  may  be 
protected  for  at  least  a  mile  from  the  place  of  obstruction. 

Train  on  fire. — Should  fire  be  discovered  in  the  train,  the  steam  must  instantly  be 
shut  ofif,  and  the  train  brought  to  a  stand.  The  signals  of  obstruction  or  stoppage 
must  then  be  made  to  protect  the  train,  and  the  burning  waggon,  or  whatever  it  may 
be,  detached  with  as  little  delay  as  possible.  Every  means  must  then  be  used  by  the 
guards  and  engine-man  to  put  out  the  fire  by  water  from  the  tender,  or  by  other 
means,  as  the  necessity  of  tlie  case  may  require.  No  attempt  must  be  made  to  reach 
the  nearest  water  crane,  if  it  is  more  than  800  yards  from  the  place  where  the  fire 
is  discovered,  as  such  a  course  is  likely  to  increase  the  damage. 

Burst  tuhe. — If  a  tube  bursts  badly,  the  steam  and  feeds  must  both  bo  shut  off, 
and  the  engine  stopped  as  quickly  as  possible.  A  tube  plug  must  then  be  driven  into 
each  end  of  it,  and  the  boiler  filled  by  the  hand  pump.  As  soon  as  water  is  seen  in 
the  glass,  the  fire  can  be  got  up  again,  and  the  hot  fire-box  will  assist  in  doing  so 
more  quickly.  As  soon  as  the  steam  is  up,  the  engine  will  be  enabled  to  move  on 
again.  In  most  cases  it  will  not  be  necessary  to  stop  the  engine,  as  the  fire-box  end 
can  be  plugged  up  when  running,  and  the  other  end  can  be  plugged  at  the  first 
stopping  station,  without  delaying  the  train. 
Jtoad  obscured, — When  the  road  is  obscured  by  steam  (from  a  burst  tube  or  any 
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other  cause),  no  approaching  engine  must  pass  through  the  steam  or  smoke  until  the 
engine-man  has  ascertained  that  the  road  is  dear.  If  any  engine-man  sees  a  train 
stopped  or  stopping  from  accident,  or  other  cause,  on  the  opposite  line  of  railway,  he 
must  immediately  slacken  his  speed,  so  that  he  may  pass  such  train  slowly,  and 
stop  altogether,  if  necessary.  He  must  then  ascertain  the  cause  of  the  stoppage, 
and  report  it  to  the  next  station.  He  must  also,  if  necessary,  stop  all  the  trains 
between  the  spot  and  the  next  station,  and  caution  the  engine-men  of  the  stoppage. 
He  must  also  render  eyery  assistance  in  his  power  in  all  cases  of  necessity  and  of 
difficulty. 

Broken  clacks. — Should  a  pump  or  feed-pipe  give  way,  one  pump  is  generally 
sufficient  to  keep  up  the  boiler ;  but  should  that  one  faXl  also,  the  engine  must 
be  stopped,  and  the  clacks  examined.  The  engine-man  will  know  by  his  pet-oocka 
whether  it  is  a  top,  middle,  or  bottom  clack  that  is  faulty.  If  a  bottom  or  middle 
dack,  the  nut  must  be  unscrewed,  the  broken  clack  taken  out,  one  of  his  spare 
clacks  put  in,  and  the  nut  screwed  on,  when  he  will  be  ready  to  start  his  engine 
again.  If  it  is  the  top  clack,  it  can  only  be  repaired  when  the  steam  is  up ;  but 
unless  the  middle  clack  is  also  bad,  the  pumps  will  still  work  to  keep  up  the  water 
in  the  boiler.    ^ 

Broken  spring, — ^When  a  spring  breaks,  it  will  seldom  be  necessary  to  stop  the 
engine  until  it  reaches  a  station^  when  the  side  can  be  raised  by  moving  the  other 
wheels  of  the  engine  on  to  the  two  wedge-shaped  bars,  to  be  laid  flat  on  the  rails, 
"which  takes  the  weight  off  the  wheel  where  the  broken  spring  is,  and  allows  it  to  be 
blocked  up  by  one  of  the  wooden  wedges  ;  the  engine  can  then  be  moved  off  the  bars 
and  proceed  with  the  train.  The  same  operation  may  be  done  by  the  screw-jack,  but 
the  first  causes  least  labour. 

Broken  machinery. — A  railway  locomotive  is  made  up  of  two  complete  engines 
working  separately,  but  both  attached  to  a  double  crank-axle  ;  therefore,  whenever  a 
cylinder-cover,  piston,  connecting  rod,  eccentric  rod,  quadrant,  slides,  or  any  other 
working  part  of  the  engines  gires  way  on  the  road,  which  stops  the  working  of  one 
engine,  the  engine-man  must  immediately  stop,  and  remove  the  broken  parts  or  rods, 
so  as  to  leare  the  other  engine  clear  of  all  obstruction.  He  must  then  disconnect  the 
slide  of  the  broken  engine,  and  adjust  it  so  as  to  cover  both  the  steam  ports,  where  he 
must  secure  it  by  tying,  if  he  has  no  other  resource  at  hand.  The  best  way  of  fixing 
the  slide  is  by  a  set-bolt,  fitted  into  the  outside  of  the  slide-rod  guide,  being  screwed 
tight  up  against  the  slide-rod.  A  set-pin  can  also  be  used  when  a  syphon  cup  is 
screwed  on  the  guide,  by  taking  off  the  syphon  and  introducing  a  screw  of  the  same 
thread.  When  this  is  done,  the  engine  will  be  able  to  proceed,  working  one  cylinder 
only.  Should  the  boiler  have  been  pierced  by  any  of  the  broken  rods,  the  fire  must 
be  immediately  drawn,  to  save  the  fire-box  and  tubes,  and  a  competent  person  sent 
for  the  requisite  assistance  to  remove  the  engine  and  train. 

Working  with  one  engine. — Whenever  the  engine-man  has  only  one  engine  in 
working  order,  he  will  still  be  enabled  to  proceed  with  a  light  or  ordinary  train  to  the 
^rst  pilot  station,  where  the  pilot  engine  will  proceed  with  the  train.  Should  the 
train  be  too  heavy,  he  must  consult  the  first  guard  whether  to  proceed  with  part  of  it, 
or  not,  for  assistance,  and  be  guided  by  his  instructions. 

Broken  slide. — When  the  slide  or  slide-rod  breaks  within  the  steam  chest,  the 
engine  must  be  stopped.  If  the  slide  is  on  the  front  side  of  the  steam  ports,  and  the 
exhaust  port  open,  it  should  be  pushed  back  through  the  front  slide-rod  gland,  so  far 
as  to  cover  the  ports.  When  there  is  no  front  slide-rod,  but  a  set-bolt  in  the  steam- 
chest  cover,  by  taking  out  the  bolt,  the  slide  can  be  moved  through  that  hole  also  ; 
and  if  the  slide  is  on  the  back,  and  the  exhaust  port  open  from  the  front  of  the  slide, 
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it  should  be  paslied  furward  throagh  the  slide-rod  gland  until  it  eoTers  both  ports. 
When  impracticable  to  cover  all  the  ports,  &om  a  bad  regulator  or  other  oaoae,  or 
keep  the  slide  over  the  ports,  the  connecting  rod  most  be  taken  off,  and  the  pistoa 
blocked,  to  prevent  its  moving  by  the  pressore  of  the  steam  against  it ;  when  the 
engine-man  can  proceed  with  one  engine,  as  before. 

Mot  emnecting  rod  hearing, — ^When  the  large  end  of  the  connecting  rod  beoomet 
very  hot,  the  bearing  and  the  crank  then  adhere  to  each  other  at  the  BorfiMse,  and  aft 
each  turn  of  the  crank  it  tears  awaj  the  solid  metal,  to  the  great  danger  of  breaking 
the  straps,  keys,  or  even  the  rod  itself,  and  thus  leading  to  most  extensive  damage  \o 
the  slide-motion,  piston,  and  cylinder,  if  not  to  the  boiler  also.  When  it  cannot  be 
cooled  while  running,  by  throwing  water  upon  it,  and  using  oil  and  tallow  to  prevent 
adhesion  of  the  metals,  the  engine  must  be  stopped,  the  rod  taken  off,  the  slide  fixed 
over  the  ports,  and  the  engine-man  can  then  proceed,  according  to  circumstanees, 
with  one  cylinder,  as  before,  until  relieved  by  the  first  pilot  engine.  In  most  eases, 
the  engine-man,  by  reducing  his  speed,  and  carefully  cooling  and  oiling  the  hot 
bearing,  will  be  enabled  to  proceed  until  he  comes  to  a  stopping  station.  If  by  this 
heating,  or  by  any  other  means,  an  eccentric  becomes  loose,  it  must  be  shifted  back  to 
its  place  as  marked  on  the  axle,  and  screwed  fast  again.  • 

Hot  axle-bearing. — ^When  an  axle-bearing  becomes  very  hot,  the  tndn  must  be 
stopped,  and  the  box  cooled  by  water  from  the  tender.  The  oil  or  grease-holes  must 
then  be  cleared,  and  the  box  filled  up  with  tallow  and  oil,  which,  by  renewing  at  each 
stopping  station,  will  usually  carry  the  engine,  tender,  or  carriage,  safely  to  the  end 
of  the  trip.  However,  should  the  means  used  to  cool  the  bearing  not  succeed,  the 
engine-man  must  stop  at  the  first  pilot  station,  and  allow  the  pilot  engine  to  take  his 
train. 

In  most  cases,  it  will  not  even  be  necessary  to  stop  the  train  until  it  reaches  a 
station,  when  the  bearing  can  be  cooled,  and  the  box  filled  as  above. 

Brolcen  leading  aide. — When  a  leading  axle  breaks,  the  engine  must  be  stopped, 
the  fire  drawn,  and  assistance  obtained  to  clear  the  road  and  forward  the  train.  If 
the  engine  is  off  the  rails,  the  first  object  is  to  clear  the  way  for  the  train  to  proceed, 
the  engine  being  got  on  afterwards. 

Ooing  off  the  railt. — ^When  both  engine  and  tender  are  thrown  off  the  rails,  it  is  a 
work  of  time  to  get  them  on  again  ;  and  the  fire  must  be  dropped,  and  water  run  off 
to  lighten  the  engine  and  save  the  boiler.  Assistance  must  then  bo  obtained  to  clear 
the  line,  if  obstructed,  and  to  forward  the  train  to  its  destination.  After  this  has 
been  done,  the  engine  and  tender  must  be  separated,  and  got  on  to  the  rails  sepa* 
rately,  by  raising  them,  by  means  of  screw-jacks,  until  a  temporary  railway  can  be 
laid  from  under  the  wheels  on  to  the  main  line.  By  this  means  they  may  be 
gradually  drawn  or  pushed  on  to  the  road  again,  according  to  the  position  they  are 
placed  in. 

Broken  crank. — When  a  crank-axle  breaks  very  badly,  the  engme  must  be  stopped, 
the  connecting-rod  taken  off,  and  the  slide  fixed  over  the  ports.  If  it  is  broken  at 
the  side  of  the  bearing  for  the  connecting  rod,  and  the  stay  bearings  are  good,  the 
engine-man  will  still  be  able  to  go  on  with  the  train,  if  a  light  one,  or  seek  assistance, 
if  it  is  a  heavy  one.  If  the  crank  is  so  broken  that  the  other  engine  cannot  worky 
then  the  fire  must  be  drawn,  and  assistance  obtained  in  the  usual  way. 

Brolcen  trailing  axle. — ^When  a  trailing  or  hind  axle  breaks,  the  engine  most  be 
stopped,  and  the  springs  and  axle-boxes  blocked  up,  so  as  to  keep  the  wheels  as 
upright  as  possible.  The  ends  of  the  axle  must  then  be  suspended  at  a  proper  height 
to  the  foot-plate  by  a  rope,  when  the  engine  can  proceed  with  the  train  cautiouslji 
until  relieved  by  a  pUot  engine. 
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Brohoi  vihitl  or  ftre.'*-Wlien  a  wheel  or  tire  breaks,  the  engine  mnst  be  stopped, 
and  aaaatance  obtained  to  forward  the  train.  If  a  driying-wheel  tire,  the  wheel  miut 
be  lifled  up  by  the  screw-jack,  and  blocked  up  to  the  proper  level,  when  the  engine, 
will  be  able  to  moye  itself,  if  not  the  train,  out  of  the  way.  If  it  is  a  leading  wheel, 
or  tire,  of  a  four  or  six-wheeled  engine,  it  may  probably  be  thrown  o£f  the  rails,  and, 
after  the  train  has  been  forwarded,  the  engine  must  be  got  on  to  the  rails  again,  as 
already  described. 

Appreheimon  of  danger, — In  case  of  the  stoppage  of  either  line  of  rail,  from  any 
cause,  or  apprehension  of  danger,  whether  in  foggy  weather  or  otherwise,  the  police- 
man on  duty  most  place  a  detonator  on  the  line  or  lines  of  rails  so  obstmoted,  eyery 
200  yards  from  the  point  of  danger,  until  they  are  protected  for  at  least  a  mile. 

Cauiion  to  stoppage  tignais, — In  all  these,  or  any  other  accident  causing  a  stoppage, 
dae  care  must  be  taken  that  the  signals  for  a  stoppage  arc  immediately  attended  to, 
in  order  to  prerent  any  following  train  coming  into  collision  with  the  one  which  ha 
stopped. 

FOQS. 

Caution  at  stations, — During  a  fog,  when  an  engine  or  train  stops  at  a  station,  some 
person  must  be  sent  back  half  a  mile,  and  place  a  detonating  signal  on  the  rail,  to 
stop  any  engine  or  train  coming  up,  until  the  other  has  started  from  the  station. 
Detonating  signals  must  also  be  used  in  a  similar  manner  wheneyer  any  engine  or  train 
is  following  too  closely  upon  another  engine  or  train,  or  in  any  case  of  emergency  or  of 
danger. 

Attention  to  ditonators. — ^Whenever  an  engine  passes  over  one  of  these  signals,  it 
explodes  with  a  loud  report,  and  the  engine-man  must  then  immediately  stop  the 
train.  The  guards  of  that  train  must  likewise  protect  it,  by  sending  back  and  placing 
these  signals  every  200  yards,  as  before,  until  they  have  extended  a  mile  from  the 
train. 

Bemowd  of  detonators, — After  the  obstruction  is  removed,  the  policeman,  guard, 
or  fire-man  must  remove  all  the  signals  from  the  rails  before  proceeding. 

Distance  between  engines, — No  engine  or  train  must  leave  a  station  during  a  fog, 
lets  than  ten  minutes  after  any  preceding  engine  or  train ;  and  the  policeman  on  duty 
must  give  the  engine*man  the  exact  time  when  the  train  started,  and  where  it  is  next 
to  stop. 

Caution  for  signals. — Engine-men  must  always  exercise  great  caution  in  foggy 
weather,  and  especially  in  approaching  stations,  from  the  difficulty  of  discerning  the 
reguhir  signals  until  close  upon  them ;  and  they  must  be  prepared  to  bring  their 
engines  to  a  stand  before  reaching  the  signal,  whenever  it  is  required. 

DSSCBNDIKa  INOLUTES. 

Attention  to  brakes, — In  descending  inclined  planes,  engine-men,  fire-men,  guards, 
and  brakes-men,  must  take  care  that  they  have  complete  control  over  the  speed  of  the 
trains,  by  having  the  brakes  screwed  up  so  far  as  to  be  able,  by  a  single  turn  of  the 
handle,  to  apply  them  forcibly  to  the  wheels,  when  required  to  do  so.  The  engine-man 
must  not,  however,  place  too  much  dependence  upon  the  assistance  he  may  get  from 
the  carriage-brakes,  but  keep  the  train  perfectly  under  his  own  control  by  shutting  off 
the  steam  in  time. 

Speed,  —No  engine  or  train  should  descend  a  steep  incline  at  a  greater  speed  than 
from  20  to  30  miles  an  hour,  unless  by  special  orders.  With  very  heavy  trains,  the 
speed  should  not  exceed  20  to  25  miles  an  hour ;  and  no  attempt  should  be  made  to 
make  up  lost  time  in  gobg  down  an  incline. 

The  usual  speeds  down  inclines  from  1  in  80  to  1  in  100,  arc  from  20  to  30  miles 
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an  hour,  according  to  circamBtances.  On  inclines  from  1  in  37  to  1  in  SO^  they  varj 
from  10  to  20  miles  an  hoar.  At  the  Wapping  Tonne],  Liyerpoo],  the  speed  is  only 
4  to  5  miles  an  hour. 

ASOEKDIKa  INCLIMSS. 

Dividing  trains. — When  inclines  are  so  serere  as  to  reqnire  the  train  to  be  dirided, 
and  taken  np  at  twic€,  it  mnst  be  done  in  the  following  manner :  The  part  of  the 
train  to  be  left  must  be  pushed  into  the  siding  at  the  bottom  of  the  incline,  clear  of 
the  main  line ;  the  first  part  must  then  be  taken  up  the  incline,  and  placed  in  the 
sidiug  at  the  top.  The  engine  or  engines  will  then  cross  over  to  return  on  the  proper 
line  for  the  second  part  of  the  train.  When  this  is  taken  to  the  top  of  the  incline,  it 
must  be  left  on  the  main  line,  clear  of  the  siding,  and  the  first  part  of  the  train  taken 
out  and  coupled  to  it :  by  this  means  the  waggons  will  \ye  again  in  their  proper  posi- 
tions in  the  train. 

Great  care  must  be  taken  that  the  last  portion  of  the  train  is  not  allowed  to  mn 
down  the  incline  after  the  engine  is  uncoupled  from  it. 

Ovtrtaki)ig  divided  trains. — In  the  event  of  any  waggons  being  left  upon  the  main 
line,  at  the  foot  of  any  incline,  and  a  succeeding  engine  coming  up,  such  engine  must 
not  commence  propelling  or  drawing  the  said  waggons  until  the  engine  which  left  them 
shall  haye  returned  to  take  them  away. 

Returning  on  right  road. — The  assistant  engine  must  invariably  retam  down  the 
proper  line,  and  must  always  stand  at  the  proper  place,  ready  with  the  tender  well 
supplied  with  coke  and  water,  having  the  steam  up,  and  the  front  of  the  engine 
towards  the  incline. 

Assisting  passenger  trains. — When  a  passenger  train  requires  assistance  np  an 
incline,  the  train  must  be  stopped,  and  the  assistant  engine  coupled  on  in  front  of  the 
train  engine,  and  both  work  together  up  the  incline  ;  and  when  fairly  clear  of  the 
incline,  the  assistant  engine  must  be  uncoupled  from  the  train  engine,  and  proceed 
ahead  to  the  first  crossing,  where  it  will  pass  over  to  return  on  the  right  line  to  its 
station  at  the  bottom  of  the  incline. 

Assisting  goods  trains. — When  a  goods  train  requires  assistance^  it  is  usually  given 
behind,  as  it  takes  a  great  part  of  the  weight  o£f  the  front  waggon  drag-chains ;  and, 
in  the  event  of  any  of  the  drag-chains  giving  way,  prevents  these  waggons  from 
descending  the  line,  which  they  would  do,  without  any  check  or  control,  if  the  engine 
were  ahead. 

Great  care  must  be  taken  by  the  assistant  engine-man  behind,  to  prevent  any  over- 
pushing  of  his  engine,  in  case  any  waggon  break  down  between  him  and  the  other 
engine.     It  is  best  when  all  assistance  can  be  given  ahead  of  the  train. 

Caution  to  pilot-man. — In  moving  out  of  the  siding  to  assist  a  goods  train  np  an 
incline,  the  pilot  engine-man  must  take  great  care  that  the  train  has  passed,  before  he 
comes  near  the  main  line,  so  as  not  to  strike  tho  train  sideways  before  it  passes  dear 
of  the  pilot  engine.  As  soon  as  it  has  passed,  he  must  move  out,  and  approach  the 
end  of  the  train  with  great  caution,  so  as  not  to  run  against  it  with  any  foree^  and 
must  give  instant  attention  to  any  signal  from  the  leading  engine-man» 

Eesponsibiliiy  of  engine-man. — No  engine-man  should  attempt  to  ascend,  without 
assistance,  any  incline  with  a  greater  load  than  his  engine  is  quite  capable  of  taking 
np  with  certainty  ;  and,  as  this  varies  very  much  with  the  state  of  the  weather,  the 
gradients,  and  the  rails,  the  engine-man  must  decide  for  himself,  in  each  case,  whether 
he  requires  assistance,  or  not,  and  act  accordingly. 

EXTRA  INCLINES. 

Brakes-men, — When  trains  arrive  at  very  steep  inclines,  either  in  or  out  of  tnimelBy 
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siioh  as  those  on  the  London  and  North- Western  Bailway,  where  stationary  power  is 
used  to  drag  them  up  the  incline,  or  such  as  the  Lickej  incline,  on  the  Birmingham 
and  Bristol  Bailway,  they  are  placed  under  the  charge  of  special  brakes-men,  who  have 
Instructions  in  each  case,  which  they  must  strictly  attend  to,  both  as  to  the  speed,  and 
number  of  carriages  or  waggons,  according  to  the  nature  of  the  traffic  to  be  taken  up 
or  down  these  inclines. 

Oeneral  regulation, — As  a  general  rule,  no  train  is  allowed  to  go  up  or  down  with- 
out one  of  these  brakes-men,  whose  duty  it  is  to  examine  all  the  brakes,  and  satisfy 
himself  that  they  are  in  proper  order,  with  sufficient  men  to  work  them,  before  he 
starts  a  train  either  to  go  up  or  down  one  of  these  inclines.  The  speed  is  usually 
limited  from  4  to  10  miles  an  hour,  according  to  circumstances,  and  the  brakes-men 
must  at  all  times,  whether  going  up  or  down,  be  sure  that  they  have  the  train  under 
perfect  control  with  the  brakes,  in  the  event  of  anything  giving  way. 

TUHKELS. 

Approached  caiUiously.—^AXl  tunnels  must  be  approached  cautiously ;  so  that  if  a 
signal  is  made  to  stop,  the  train  may  be  stopped  before  entering  the  tunnel.  Every 
engine-man  must  use  his  whistle  before  entering  and  while  passing  through  a  tunnel, 
to  give  proper  notice  to  the  policeumn  at  the  entrance,  and  to  any  man  who  may  be 
employed  in  the  tunnel. 

Stoppage  in  tunnels, — When  an  engine  or  train  breaks  down  in  a  tannel,  the  torches 
must  be  lighted  to  ascertain  the  nature  and  extent  of  the  accident,  which  must  then 
be  remedied  according  to  instmctions  in  preceding  rules.  Great  care  must  be  taken 
to  protect  the  line  both  ways,  to  prevent  collision  and  injury  to  the  men  at  work, 
until  the  line  is  cleared  and  the  train  forwarded. 

JUNCTI0K3. 

SignaU. — In  approaching  junctions,  every  engine-man  must  blow  the  whistle  at 
least  a  mile  from  the  junction,  and  continue  to  do  so  until  the  policeman  in  charge 
of  the  junction  points  gives  the  proper  signal  that  the  main  line  is  clear,  when  the 
engine-man  can  proceed  on  to  it  with  the  engine  or  train,  at  a  speed  not  exceeding 
from  5  to  8  miles  an  hour.  If,  however,  the  signal  be  given  that  the  main  line  is 
obstructed,  then  the  engine-man  must  immediately  stop  the  engine  or  train  until  the 
obstruction  be  removed,  and  the  *  all-right '  signal  be  shewn,  when  he  can  proceed 
slowly  on  the  main  line,  as  before. 

Approached  cautiously. — Rvery  engine  or  train  must  approach  the  junction  of  two 
lines  with  great  caution,  and  at  a  very  slow  speed,  so  as  to  stop  altogether  before 
reaching  the  junction,  if  necessary.  In  foggy  weather,  the  engine-man  must  bring 
the  engine  or  train  to  a  stand  before  arriving  at  the  junction,  and  not  go  on  to  the 
main  line  until  he  has  learned  from  the  policeman  on  duty  how  long  the  preceding 
train  has  passed,  and  he  most  stop  or  proceed,  according  to  the  information  he 
receives. 

ESP0RT8. 

State  of  engine,  Ac, — The  engine-man  must  examine  his  engine  at  the  end  of  his 
trip,  in  the  same  manner  as  he  did  before  starting,  and  report  to  the  foreman  on 
duty,  or  his  clerk,  anything  he  may  observe  or  know  to  be  wrong,  and  enter  the 
particulars  in  the  report-book  kept  for  that  purpose.  He  must  also  report  every 
unusual  circumstance  which  may  have  taken  place  on  the  journey,  in  the  same 
manner. 

Spare  stores  replaced. — Every  engine-man  must  have  replaced,  before  starting  with 
his  train,  any  spare  stores  he  may  have  used,  and  he  must  have  any  broken  tools 
made  good  again.  He  must  also  see  that  his  lamps  are  taken  to  the  appointed  place 
to  be  cleaned  and  trimmed  again. 
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DUTIES  IK  SHED. 

Segvlatum  of  weight, — The  weight  of  eyery  engine  should  be  properlj  distrihatod 
on  the  wheels  and  springs.  No  engine  can  run  steadily  with  one,  two,  or  three  toiui 
more  weight  upon  one  spring  than  upon  the  opposite  one.  A  six-lerer  weighing 
machine  should  be  on  all  extensive  railways  for  this  purpose,  by  which  the  weight  on 
each  wheel  can  be  regulated  with  great  nicety.  For  passenger-train  engines,  there 
should  be  nearly  as  much  weight  on  the  leading  as  on  the  driving  wheele.  Ri^^i- 
wheeled  engines  have  more  weight  on  the  two  leading  than  on  the  driving  wheels. 
All  the  weight  required  on  the  driving  wheels  is  as  much  as  to  produce  sufficient 
adhesion,  in  ordinary  cases,  to  draw  the  tram,  as  there  are  times  when  all  the  wei^it 
would  not  prevent  slipping.  For  all  ordinary  trains,  the  engine  will  run  the  whole 
distance  in  less  time  and  more  steadily  with  lightly -loaded  driving  wheels ;  for  any 
time  lost  in  starting  is  more  than  made  up  afterwards  by  the  case  given  to  the 
machinery.  Four-  and  six-wheeled  coupled  engines  have  generally  all  the  weight 
broaght  into  action  for  power,  and  not  for  speed ;  and  it  is  therefore  more  equnl^ 
distributed  over  the  wheels. 

Hand-pump  to  ht  tried. — Every  engine-man,  when  in  the  shed,  should  try  hii 
hand-pump,  to  insure  himself  that  it  is  in  good  order,  as,  being  seldom  required,  they 
are  liable  to  become  '  furred  up '  with  the  deposit  from  the  water,  and  in  that  ease  of 
no  service  in  any  emezgency. 

Cleaning  boiler,  —The  boiler  should  be  regularly  blown  out,  over  the  pit  provided 
for  that  purpose,  at  such  times  as  the  state  of  the  water  requires,  which  the  engine- 
man  can  readily  determine  firom  experience.  The  boiler  must  also  be  washed  oat 
with  cold  water,  at  least  once  a  week,  to  remove  all  loose  deposit  from  it.  Muriate 
of  ammonia  is  used  for  preventing  the  adhesion  of  deposit  to  the  boiler,  which  it 
effects  by  keeping  the  lime  in  solution,  and  which  is  blown  out  two  or  three  timei  a 
week,  according  to  the  purity  of  the  water  used  for  the  generation  of  the  steam. 

Adjustment  of  machineri/. — Every  engine-man,  when  in  the  shed,  must  carefully 
examine  his  engine ;  and,  when  necessary,  adjust  the  piston,  slides,  connecting-rod 
bearings,  axle  bearings,  springs,  or  any  other  part  requiring  adjustment^  and  see  that 
the  eccentric  sheaves  are  all  fiist  in  their  right  places. 

Trimming  stuffing-boxes  and  syphons. — He  must  also  pack  his  8tuffing-boxe% 
examine  his  clacks  and  feed-pipes,  clean  and  trim  his  syphons,  so  that  he  may  have 
his  edgine  in  good  working  order  when  required  to  go  on  duty  again. 

PILOTIKO. 

Tools. — Pilot  engine-men  must  at  all  times,  during  the  hours  appointed  for  them  to 
pilot,  stand  ready  to  start  at  once,  with  their  steam  up,  their  tender  full  of  coke  and 
water,  and  be  provided  with  the  following  tools ;  namely,  two  pinch-bars,  two  screw- 
jacks,  a  large  drag-chain,  a  rope,  two  signal  lamps,  two  hand-lamps  and  detonators. 
One  of  the  signal  lamps  to  be  put  on  the  front  of  the  engine,  and  the  other  behind 
the  tender,  and  the  hand-lamps  to  be  used  as  signals,  or  as  may  bo  required. 

Orders, — ^When  it  is  necessary  to  send  the  pilot  engine  to  look  for  a  train,  a  regular 
order  must  be  made  out  for  it ;  and  if  at  or  near  to  night,  both  lamps  must  be  lighted, 
and  a  red  light  shewn  behind  and  a  green  one  in  front.  When  the  pilot  engine-man 
meets  with  the  train,  if  it  be  at  a  stand,  he  must  ascertain  the  cause,  shew  red  lights 
both  ways,  and  run  on  to  the  next  crossing  ahead.  He  must  then  cross,  returning  to 
give  every  assistance  he  can,  whether  the  engine  be  broken  down,  or  any  part  of  the 
train  be  off  the  line,  or  to  push  the  train  slowly  before  him  until  he  can  put  it  into  ft 
siding,  and  get  in  front  of  it,  which  he  must  do  on  the  first  opportunity. 

Caution  on  crossing  line, — No  pilot-man  in  search  of  a  train,  past-due,  mut 
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on  to  the  main  line  until  the  danger  lignaU  are  tamed  on,  and  then  only  when  he 
has  ascertained  from  the  policeman  on  duty  that  he  can  do  bo  with  safety,  to  prevent 
collision  in  case  of  the  train  coming  np  at  the  moment  of  crossing. 

Orders  counUnigned, — When  any  pilot  engine  is  sent  out,  on  its  arriral  at  the 
next  pilot-station  the  engine-man  mast  shew  his  order  to  the  foreman  on  daty  at  sach 
station,  and  either  obtain  a  fresh  order,  or  haye  the  old  ene  coontersigned  by  the 
foreman,  before  he  proceeds  further. 

Speed.^-^Anj  engine-man  proceeding  along  the  line  with  an  order  must  be  careful 
to  proceed  at  the  same  average  rate  of  speed  as  the  jMissenger  trains,  and  on  no 
account  to  run  his  engine  at  a  higher  speed  at  any  part  of  his  journey,  unless  other- 
wise specially  instructed  in  his  order. 

Astiatance, — If  both  lines  are  obstructed,  he  must  assist  in  clearing  the  lines,  and 
then  receive  instructions  for  his  further  movements  from  the  first  guard,  or  his 
superior  officer,  being  careful  not  to  return  on  the  wrong  line  until  he  has  satisfied 
himself  that  the  police  have  been  made  aware  of  the  droumstance  for  the  whole  dis- 
tance he  has  to  go  on  the  wrong  line ;  and  he  must  then  proceed  slowly,  sounding  hUi 
whistle  every  quarter  of  a  mile  during  the  whole  time. 

RespontiMLUy. — ^When  any  engine  is  sent  on  the  lino  with  an  order,  without  any 
train,  or  from  any  other  cause,  without  a  guard,  the  engine-man  will  be  entirely 
responsible  for  all  the  movements  of  the  engine  ;  and,  in  addition  to  the  precautions 
and  rules  ordinarily  applying  to  him,  he  must,  in  the  event  of  being  compelled  to 
stop,  send  back  the  fire-man  to  make  all  the  usaal  signals,  as  already  described  for 
stoppages.  The  fire-man  must  not  return  until  he  meets  and  is  relieved  by  the  next 
policeman.  If  the  eDgioe-mon  is  obliged  to  cross  over  to  the  other  line,  and  is  some 
distance  from  a  crossing,  he  must  always  move  forward  on  the  proper  line  to  the  next 
crossing,  and  never  return  on  the  wrong  line. 

SECTION  IV.—DEaORIPTION  OP  THE  'LOBD    OP    THE  ISLES '  AND  THE  'LIVEBPOOL' 

LOCOMOTIVE  ENGINES.* 

*L0RD  OF  THE  ISLB'   BBOAD-QAUaB  LOOOMOTIVH  BNaiNC. 

This  fine  powerful  locomotive  was  exhibited  in  the  Crystal  Palace  by  the  Great 
Western  Railway  Company,  of  which  Kr.  Brunei  is  engineer.  As  a  massive  example 
of  Stephenson's  class  of  locomotives  and  good  workmanship,  it  is  creditable  to  the 
Swindon  Bailway  Works,  where  it  was  made,  and  an  ordinary  prize  medal  was 
awarded  to  the  Exhibitors.  After  the  expectation  held  out,  that  the  broad  gauge 
would  bo  the  means  of  introducing  some  decided  novelty  or  improvement  in  loco- 
motives, not  a  few  were  disappointed  to  find  that  the  '  Lord  of  the  Isles  *  only  embodied 
narrow-gauge  improvements,  and  had  been  surpassed  in  originality,  in  heating  surface, 
and  in  a  low  centre  of  gravity,  by  Crampton*s  narrow-gauge  engine  the  '  Liverpool.' 
It  is  however  known  that  Mr.  Brunei  at  first  sought  to  introduce  originality  in  the 
construction  of  locomotives,  as  well  as  in  the  width  between  the  rails ;  but  before  he 
got  the  locomotives  furly  oiganised,  his  innovations  were  attacked  by  a  powerful 
narrow-gauge  force,  t  During  this  attack,  the  command  of  the  broad-gauge  engines 
was  held  by  a  popU  of  the  chief  attacking  officer  (Mr.  Stephenson), :(  to  whom  Mr. 
Brunei  appears  to  have  at  once  surrendered  the  locomotives  to  be  Stephensonised, — as 
they  soon  were, — and  concentrated  his  energies  to  defend  the  width  of  gauge  only. 
With  considerable  difficulty  this  has  been  done,  and  necessarily  insures  comparatively 
greater  safety  from  a  greater  width  of  base,  being  as  84  inches  to  661  inches,  or 
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nearly  as  1 4  to  1  in  faroar  of  the  broad  gange.  But  in  all  the  past  gauge  iriali 
of  locomotiTes  in  1838,  1845-6-7,  the  difference  in  speed  has  been  merelj  one  of 
degree^  slightly  in  favour  of  the  broad  gauge,  high  wheels,  and  large  boilers,  at 
extreme  yelocities ;  but  for  practical  every-day  duty,  with  munerooB  stoppages^  the 
advantages  are  on  the  side  of  lower  wheels  on  both  gauges. 

The  late  Mr.  George  Stephenson  considered  the  general  introduction  of  his  form  of 
engines  on  the  broad  gauge  as  a  great  triumph,  and  many  engineers  now  r^ard 
Crampton's  *  Liverpool  *  as  shewing  the  capability  of  the  narrow  gange  in  prodocing 
a  good  working  engine  of  a  power,  a  height  of  wheels,  and  safety  at  high  velocities, 
equal  to  the  *  Lord  of  the  Isles  *  class  of  engines.  It  is,  however,  worthy  of  nofcioe, 
that  if  Mr.  Crampton  was  not  a  pupil  of  Mr.  Brunei,  he  was  at  least  some  time  in 
his  locomotive  office  at  Faddington,  where  he  first  brought  ont  the  design  of  the 
'Liverpool*  without  success,  until  the  gauge  contest  of  1845  brought  it  under  the 
favourable  notice  of  the  London  and  North- Western  Railway  Directors.  The  sepa* 
rate  crank -axle  of  Mr.  Crampton^s  '  Folkstone  *  locomotive  is  also  one  of  Mr.  Brunei's 
early  plans,  which  was  taken  out  of  two  engines  to  Stephensonise  them.  The  only 
difference  is,  that  Mr.  Crampton  uses  a  side-rod  whilst  Mr.  Brunei  used  toothed- 
wheels  to  connect  the  respective  axles.  For  these  two  designs,  as  embodied  in  the 
'  Liverpool*  and  *  Folkstooe/  Mr.  Crampton  received  the  highest  class  or  ConncU 
medal  of  the  Great  Exhibition. 

Description  of  the  Engravings, 

Fig,  1  is  a  longitudinal  section,  shewing  the  general  arrangement  and  oatline  of  the 
*  Lord  of  the  Isles  *  engine. 

Fig.  2  is  a  transverse  section  through  the  front  and  back  fire-places  on  each  side  of 
the  central  water  partition  d,  in  fig.  1. 

Fig.  8  is  a  transverse  section  through  the  smoke-box  o,  and  cylinder  v,  steam  pipe 
I,  and  blast  pipe  z,  fig.  1 ;  also  through  the  steam  chest  q  q  and  slide  valves  K  > 
fig.  3. 

The  same  letters  apply  to  the  same  parts  in  each  figure. 

Fig.  1. — A  represents  the  cylindrical  part  of  the  boiler,  10  feet  9  inches  long  by 
4  feet  10  inches  in  diameter,  made  of  the  best  wrought- iron  plates,  well  riveted 
together  :  b  is  the  rectangular  fire-box  case,  with  a  semicircnlar  top,  as  seen  in 
figs.  2,  8,  also  made  of  best  wrought-iron  plates,  and  securely  riveted  to  the  horisontal 
part  A  by  means  of  a  strong  angle-iron  ;  a,  the  rectangular  smoke  or  cylinder  box 
with  a  semicircular  top,  as  seen  in  fig.  3,  also  well  riveted  to  the  boiler.  Viewed 
externally,  these  three  separate  divisions  form  the  complete  outline  of  the  boiler,  to 
which  the  machinery  is  attached.  Internally,  o  is  the  copper  fire-box  fixed  to  the 
outside  case  b  at  its  lowest  edge  by  a  double  row  of  rivets.  Immediately  above 
these  rivets  the  copper  is  bent  inwards,  as  seen  in  figs.  1  and  2,  so  as  to  leave  a 
water  space  averaging  about  3  inches  wide  all  round  between  the  fire-box  o  and 
ontside  case  a.  As  these  fiat  sides  present  a  large  surface  in  a  weak  form  to  the 
force  of  the  steam,  they  are  strongly  tied  together  by  numerous  copper  stays  d  d, 
screwed  through  both  plates  and  the  ends  riveted  over,  as  shewn  in  the  upper  side 
part  0  of  the  fire-box,  fig.  1,  or  lower  back  part  d,  on  the  right-hand  side  of  fig.  2. 

In  fig.  1,  e  is  a  side  view  of  one  of  the  strong  wrought-iron  stays  which  rest 
on  the  vertical  sides  of  the  copper  fire-box  and  support  its  flat  top^  which  is  strongly 
bolted  to  it,  as  shown  in  the  figure,  or  sectionally  in  fig.  2. 

n',  fig.  1,  is  one  of  ten  longitudinal  wrought-iron  stays  which  tie  together  the  flat 
ends  of  the  boiler,  so  as  to  resist  the  force  of  the  steam.  In  fig.  2  they  are 
sectionally  seen  at  n,  n',  between  the  fire-box  top  stays  ee.   In  all  steam  boilers  the  flat 
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D  la  a  tnniTBiMwtteT  pirtition  alxnit  4  incbei  wide,  irliich  diTidH  ths  lower  p*ii 
of  the  fire-box  a  iato  two  Hparata  firs-pUces  BR;  th«  flat  copper  aidei  are  finnljr 
screwed  and  lireted  togetlier  bj  the  copper  Btajs  <f,  fig.  I,  or  at  d,  fig.  2,  left-haiid 
aide.  TrtmsTeraely,  u  seen  ia  fig.  2,  it  ia  cnrred  DpHsrds  from  the  centre  at  eadt 
■iJe  tovardi  the  top  of  the  fire-boi  o,  to  wUch  it  is  riveted,  u  ahevn  in  the  fignie, 
vhila  tlie  Tight-haitd  aide  ibeiri  the  back  of  the  fire-bai  below  the  tnboUr  floe* ; 
■■,  the  two  separata  fire-grate  ban,  figa.  1  and  2  ;  r,  the  door  bj  irhich  foal  la 
■npplied  (o  tiie  firal-placea;  eec,  fig.  1,  the  tabular  flues,  SOS  in  number,  eacb 
11  feet  long  b;  S  iiwhea  outride  diameter,  through  irhich  llie  prodada  of  eombnetioB 
pass  from  tbe  An-bw  a  to  the  chimnej.  In  fig.  2  their  relatiie  pcaiUoii  (o  «Mk 
other  is  mod,  willt  the  firit  row  commencing  immediatetj  below  the  top  of  Oa  Sr*- 
box  0 :  a,  tbe  amoke-boz,  in  which  are  plaoed  the  cylinders,  steam-cfacBt,  blast-pqiek 

m-t^.     On  tbe 


!.— Tkuutcisg  Hsctlini  thmutfh  Uic  Fin-ptaces. 


top  of  tbe  niiok«-bo^ 
and  with  its  centre  ver- 
tical  to  the  blast-pipe 
orifice,  ia  placed  the 
chimne;  h. 

I  ii  tbe  steam  jipt, 
tnnied  at  right  angle* 
where  it  eaters  the 
smoke  •  box,  and  con- 
tinued to  the  steam- 
cheet  q  q,  fig.  3,  Tbe 
boriiontal  part  extends 
all  the  length  of  the 
boiler  and  Gre-boi,  and 
reeeiTea  the  steam  at 
small  holes  or 


thin 


r  sUta  0 


tlis 


upper  ^de,  to  AToid  the 
oscHlntlon  of  the  water  in 
Ibe  boiler  when  the  piet- 
sure  ia  either  auddenlj 
relicTed  at  cue  part  bf 
taming  the  steam  on  to 
the  cjlinden,  or  increaaed 
by  shutting  it  off  ben 
them.  This  was  one  of 
HawUiom's  pateula.  Hw 
regulator  handle  is  shewn 
aa  bent  down  past  the  gauge  cooks  n,  n,  o,  and  glass  gange  i.  A  rod  paoaes  from  tiw 
handle  along  the  centre  <S  the  steam  pipe  I  to  tJie  regular  tbIts  placed  at  the  top  of 
the  Tcrtical  part  of  the  steam  pipe  i  in  the  smoke-box,  as  shewn  in  fig.  1,  or  Its 
cnrerat  the  back  of  the  blast  pipe  i,  fig.  3.  lafig.  S,  the  traosTerae  porition  of  the 
Mean  pipe  is  clearly  seen  guarded  by  the  water  'baffle'  platea//,  so  pUced  to  pie- 
vent  any  considerable  body  of  water  riaing  over  the  pipe  or  entering  it  with  the  ateam, 
Hear  the  'baffle' plain/  on  the  lelt-band  side  of  fig.  2,  ia  seen  the  end  of  the  small 
steam-pipo  for  conveying  the  spare  sleain  to  heat  the  feed  water  in  the  tender,  where 
it  makea  a  peculiar  lattting  noise  when  turned  on  by  opemog  the  cock  seen  ontaid* 
tbe  boiler  on  tbe  same  aide,     j  la  the  gUss  gauge  tube  fitted  nicely  into  two  biHi 
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toeketa  mttaah»d  to  the  front  end  of  the  fin-box  oue  a.  Tha  nppa  end  u  open  to 
the  steam  and  the  lower  end  to  the  water,  by  wMoli  meani  tLe  relatiTo  heigfala  of  the 
Tatei  and  steam  are  seen  bj  the  drirer.  m,  n,  o,  are  three  gauge  cocks  fitted  into  a 
bnaa  tabeplaced  parallel  to  the  glaas  lube.  The  upper  one,  n,  open*  lo  the  (team, 
Mid  the  two  lower  ones,  »,  i^  to  ths  water,  so  that  in  case  of  accident  to  the  glan 
tabe  ^e;  may  be  used  to  gnido  the  driver  in  nmnaging  the  engine,  x  ii  one  of  the 
two  safetj  Talfea  placed  aide  by  aide,  as  shewn  fig.  2,  where  a  lever  is  attached  at  ita 
•ztremit;  to  one  of  Salter's  tpiial  spring  wdghing  michinea,  partly  seen,  by  whose 
indication  the  pressure  on  the  tsItc  is  regolAtcd.  This  toIto  is  onder  the  control  of 
the  drirer  to  lessen  the  prMSOte,  bat  only  rery  limitcdly  so  to  inoreue  it.  The  other 
safety  valre  is  regulated  by  a  spiral  spring  placed  lertigally  oter  it,  and  screwed  down 
to  ^ve  about  6  Ibe.  more  pressure  per  square  inch  than  &e  steelyard  lever  vTety  Tslre, 
St  which  the  ateam  should  fint  blow  o£  This  last  toIto  is  not  under  the  control  of 
the  driter  at  sU. 


Fig,  1.— TnULsreiH : 


M  is  the  cylinder.  In 
which  is  fitted  Bt«am-Ugbt 
the  piston  o,  fig.  1,  whoso 
fiat  ends  )ue  shewn  in  the 
transverse  section  of  both 
Bylinders  in  fig.  8,  where 
H  R  are  the  two  slide 
nlvei  which  regulate  tho 
admission  of  the  aleam  to 
the  cylinders,  and  its 
Moape  from  the  cylinders 
to  the  atmosphere. 

They  ore  of  the  nsnal 
D  class,  elevated  in  the 
eentre  and  planed  flat  &ceB 
on  the  aides,  fiir  sliding 
■team  ■  tight  against  the 
fsces  of  the  cylinders,  sur> 
rounding  the  steam  pas- 
sage! to  the  cylinders  and 
atmosphere.  There  are 
three  of  these  passages,  of 
-which  one  at  each  end 
admits  steam  to  or  bom  the 
cylinders,  ud  one  In  the 
centra  open  to  ihe  atmos- 
phere through  the  blast 
lupe  X.  When  In  a  central 
position,  thess  three  pas- 
sages or  'ports,'  aa  they  are  frequently  called,  are  all  covered  by  the  slide  valves  h  r. 
On  these  valves  being  moved  nntil  a  portion  of  one  of  the  end  paasagee  is  open,  the 
steam  enten  the  cylinders  and  presses  the  piston  o  before  it,  whilst  the  steam  on  the 
opposite  ude  of  the  piston  escapes  by  the  opposite  end  port,  past  the  inner  edge  of  Uie 
elevated  part  of  the  valve,  tbrooghtbe  central  port  and  blast  pipe  z  into  the  chimney  h. 
During  the  return  stroke,  a  similar  action  takes  place  from  the  opposite  ends  of  the 
eylmders,  and  the  Ume  taken  in  these  separate  aels  is  distinctly  conveyed  to  the  ear  by 
the  separate  <  beats' or  concusdons  of  the  escaping  steam  against  the  wr  in  the  chimney. 
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At  the  back  of  the  dri^g-'wheel  gnard-coTers,  on  each  side  of  the  boiler,  fig.  8, 
is  a  oup,  with  a  bent  pipe  inude  the  tmoke-box,  to  oonvey  tallow  to  labricate  eadi 
slide  Tal?e  >  n.  p  is  the  piston  rod,  whose  end  is  keyed  or  screwed  into  the  cixmi 
head  or  guide  which  moyes  in  a  line  with  the  cylinder  between  the  two  guide-ban 
shewn  in  fig.  1.  The  opposite  side  of  this  cross-head  guard  has  a  spherical  beariog 
which  is  grasped  by  a  ooncaTe  bearing,  keyed  on  to  the  end  of  the  connecting  rod  i, 
whose  other  end  is  also  keyed  into  a  cylindrical  bearing  which  grasps  the  crank  % 
of  12  inches  throw.  On  this  cranked  axle  the  driTing  or  propelliog  wheeb  u  are 
fixed. 

The  pumps  are  not  shewn,  but  are  placed  in  a  line  with  the  motion  bar,  and  worked 
directly  from  the  cross-head. 

To  the  front  end  of  the  frame  s  are  attached  two  leather  '  buffers'  filled  with  hair, 
coir,  and  cork  shavings ;  also  the  rail-guards  below,  to  clear  off  any  obatmetinig 
body  on  the  rails.  One  of  each  is  shewn  in  the  figure,  as  well  as  the  drag-chain  lor 
coupling  the  engine  to  another  vehiele. 

T,  fig.  1,  is  one  of  the  eight  spnngs  which  form  the  elastic  base  of  20  x  7}  =  145 
feet  that  supports  the  boiler  and  machinery  on  the  eight  wheels,  t  t  fig.  3,  are 
sections  of  the  two  leading  springs  connected  to  the  frame  mid-way  between  the 
two  pairs  of  leading-wheels  by  yertical  links  from  the  centres  of  the  springs.  JSmA. 
end  of  these  leading-springs  is  supported  by  a  vertical  rod  resting  upon  one  axle-box 
of  each  pair  of  wheels,  so  that  one  spring  on  each  side  sustains  the  weighi  of  the  front 
end  of  the  engine  on  the  two  pairs  of  wheels.  One  of  the  four  driving-wheel  springi 
is  partially  seen  in  fig.  1,  with  its  centre  connected  to  the  under-side  of  the  axle-bos 
and  its  ends  connected  to  the  frame  by  a  hooked  screw-bolt,  to  regulate  the  weight  upon 
these  wheels.    Of  the  others,  one  is  opposite  and  two  above  the  axle  under  the  frame. 

u  is  one  of  the  driving-wheels,  8  feet  diameter,  made  entirely  out  of  malleable  iroiL 
scraps,  with  a  plain  steeled  tire  outside,  slightly  shrunk  on  and  further  secured  by 
the  set-screws  shewn  in  the  figures.  The  other  wheels  are  H  feet  in  diameter,  also 
made  from  scrap  iron,  and  having  steeled  tires  with  flanges  on  them,  to  guide  the 
engine  on  the  rails. 

In  fig.  2,  the  elevation  of  the  driving-wheel,  guards,  hand-nal  guides,  and  side  stsys 
which  fix  the  boiler  to  the  frame  resting  on  the  axle-boxes  by  the  spring  pins,  are  seen 
on  each  side.  In  fig.  3  the  front  axle,  axle-boxes,  side  stays,  and  springs  are  shewn 
sectionally,  with  the  driving-wheel,  guards,  and  hand-rail  supports  in  elevation  :  t  Is 
the  connecting-rod  of  the  opposite  engine  on  the  centre  or  powerless  point  where  the 
crank  q  and  connecting-rod  n  are  exerting  their  greatest  power.  Below  b,  and  on 
each  side  of  y,  are  seen  the  eccentric  rods  connected  to  the  suspended  curved  *  link,* 
which  works  the  slide  valves  n  n,  on  the  plan  called  the  *  link  motion,*  first  suooeai- 
fully  introduced  by  Mr.  Gray  on  the  Hull  and  Selby  Railway,  which  success  led  to  its 
modification  and  general  adoption  on  most  locomotives. 

The  object  of  the  *  link  motion*  is  to  enable  the  driver  to  vary  the  quantity  of 
steam  admitted  to  the  cylinders  according  to  the  load  against  the  pistons,  which  it 
docs  by  giving  the  slide  valves  more  or  less  travel  according  as  they  are  worked  from 
the  centre  of  the  curved  link  or  any  part  towards  its  extremity.  When  worked  from 
the  extremity,  the  travel  is  greatest  and  the  steam-port  longest  open,  which  admits 
most  steam  to  the  cylinder,  to  overcome  heavy  loads,  gradients,  or  starting.  As  the 
slide-valve  connecting-block  is  moved  nearer  and  nearer  to  the  centre  of  the  link,  the 
travel  of  the  slide-valve  becomes  less  and  less,  thereby  cutting  off  the  steam  sooner 
and  sooner  from  the  cylinder,  to  promote  economy  in  working  the  engine. 

A  lever  handle,  placed  conveniently  for  the  engine-driver,  is  connected  by  a  long 
side  rod  to  the  vertical  arm  of  a  bell-crank  shaft.     The  slide-valve  links  are  attached 
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to  the  horizontal  aniui  of  this  shafk^  one  of  which  is  seen  aboye  the  centre  of  the 
second  front  wheel,  in  fig.  1.  As  the  driver,  therefore,  moves  the  lever  handle  from 
the  centre  'notch'  or  catch  which  retains  it,  the  position  of  the  valve  connecting  link 
is  varied  by  its  end  sliding  np  or  down  in  the  carved  link.  The  motion  is  so  arranged 
that  when  the  handle  is  moved  towards  the  front,  the  engine  is  in  forward  gear,  and 
Jims  in  that  direction  ;  bat  when  the  handle  is  moved  from  the  centre  backwards,  the 
engine  is  in  backward  gear,  and  rnns  backward . 

w  is  the  ashpan  fitted  np  against  the  lower  edge  of  the  fire-box  case  B,  to  receive 
the  ashes  or  cinders  falling  from  the  fire-grates  b  b.  The  bevelled  side  toward  the 
front  is  closed  with  a  fiap-door  when  not  working,  to  prevent  unnecessary  combustion 
by  excluding  the  air  ;  but  when  running,  this  flap  is  opened  by  the  driver,  to  admit 
air  to  pass  through  the  fire,  and  promote  combustion. 

X  is  the  blast  pipe  for  conveying  the  steam  from  each  cylinder  to  the  atmosphere* 
80  as  to  promote  a  rapid  combustion  of  friel  and  generation  of  steam.  As  shewn 
in  fig.  3,  the  two  pipes  are  joined  together  near  the  upper  extremity,  to  form  only  one 
orifice,  54  inches  diameter,  central  with  the  chimney.  This  orifice  is  regulated  in 
diameter  by  the  quantity  of  steam  required  in  a  given  time.  If  the  boiler  possesses 
large  generating  power  compared  with  the  duty  it  has  to  perform,  the  blast  pipe  can 
be  enlarged  ;  but  if  the  boiler's  steaming  power  is  small  as  regards  the  duty,  the  blast 
pipe  has  to  be  reduced  in  size  to  increase  the  velocity  of  the  escapbg  jets  of  steam  up 
the  chimney,  and  consequently  the  velocity  of  the  air  through  the  fire,  to  promote 
more  rapid  combustion.  Since  the  compression  of  the  escaping  steam  through  the 
blast  pipe  causes  an  opposing  or  back  pressure  in  the  cylinder  against  the  piston,  it  is 
a  desideratum  to  make  it  as  large  as  can  be  done,  to  make  that  back  pressure  as 
limited  as  possible.  In  the  *  Lord  of  the  Isles '  class,  at  all  velocities  below  40  miles 
an  hour,  the  back  pressure  little  exceeds  that  of  the  atmosphere,  which  of  course  is  a 
constant  pressure ;  but  after  the  exhaust  or  escape  port  is  closed,  the  atmospberio 
pressure  of  151bs.  is  compressed  until  it  reaches  at  the  last  instant  a  considerable 
amount,  ready  to  act  in  propelling  the  piston  the  moment  it  commences  its  return 
stroke. 

This  important  yet  simple  part  of  a  locomotive  engine  was  first  practically  intro- 
duced in  railway  locomotives  by  Mr.  Hackworth,  and  first  prominently  exhibited  by 
him  at  the  Liverpool  trial  of  locomotives  in  1829. 

In  fig.  3,  ^  ^  is  a  series  of  iron  strips  fitted  up  similarly  to  a  Venetian  window-blind, 
which  are  raised  to  stand  out.*  parallel  with  the  tubes  when  the  engine  is  at  work,  but 
shut  down  over  the  tubes  when  not  at  work,  as  seen  in  fig.  3.  The  manner  of  their 
jointing  to  the  closing  and  opening  rods  is  shewn  sectionolly  at  y  y,  fig.  1.  The  lever 
by  which  this  is  done  is  seen  at  the  left-hand  side,  and  is  connected  by  a  side  rod  to 
a  handle  within  the  reacb  of  the  driver.  The  outside  circle  shews  the  relative 
diameter  of  the  top  of  the  fire-box  case  b,  fig.  1,  to  that  of  the  smoke-box  o,  on  which 
the  chimney  is  fitted. 

The  principal  inventions  embodied  in  this  engine  are  modifications  of  BmneFs  high 
wheels,  Stephenson's  fire-box,  tubular  flues,  slide-valve  arrangement,  and  springs; 
Hawthorn's  steam  pipe  and  four  separate  eccentrics  ;  Gray's  expansive  valve  motion, 
Hackworth's  blast  pipe,  Papin's  steelyard  or  lever  safety  valve,  and  Kastrick's  lock- 
up safety  valve. 

The  fire-box  heating  surface  is  156  square  feet,  and  the  tubular  flue  heating  sur- 
face 1759  square  feet,  or  a  total  heating  surface  of  1915  square  feet.  The  cylinders  are 
each  18  inches  diameter  and  24  inches  stroke,  with  a  driving  wheel  8  feet  diameter. 

The  extreme  evaporative  power  is  stated  as  1000  horses,  and  the  effective  power  as 
743  horses. 

VOL.  III.  0  0 
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With  an  ordinary  mail  train  of  90  tons,  at  29  miles  an  hooTi  the  ooiuramptioii  of 
coke  has  averaged  20*8  lbs.  per  mile. 

This  oonsmnption  is,  however,  evidently  not  an  average  oonsomption  for 
work,  but  that  due  to  a  special  train  nuder  favouring  cireomstanoes.  The  real 
consumption  of  coke  per  mile  will  be  from  40  to  50  per  cent,  higher,  or  from  28  te 
30  lbs.  per  mile.  Such  is  the  influence  of  a  few  miles*  greater  speed  per  hoary  and 
ordinary  contingencies,  in  all  locomotives,  without  reference  to  gauge. 

crampton's  patent  locomotives. 

In  describing  the  'Lord  of  the  Isles*  broad-gauge  engine,  we  have  referred  to  the 
circumstances  which  first  brought  this  class  of  engines  into  public  notice.  Befioce 
that  time,  the  general  practice  was  to  place  the  driving  wheels  below  the  cyUndrieal 
part  of  the  boiler,  as  adopted  by  Mr.  Stephenson  soon  after  the  locomotive  trial  on 
tho  Liverpool  and  Manchester  Bail  way  in  1829.  Mr.  Crampton's  proposal  to  plaoi 
them  behind  the  fire-box,  and  lower  the  boiler  altogether,  met  with  no  favour  ai  fint 
from  the  adherents  to  the  older  form.  The  exigencies,  however,  of  the  narrow  gmgi 
overcame  the  prejudice  existing  against  his  engines,  which  are  now  acknowledged 
as  a  valuable  dass  both  in  England  and  on  the  Continent.  In  England^  the 
*  Liverpool,'  constructed  by  Messrs.  Bury  and  Co.  on  Crampton's  patent^  is  the  moit 
powerful  of  them  yet  made,  having  cylinders  of  18  inches  diameter  and  24  inchei 
stroke,  with  driving  wheels  of  8  feet  diameter.  The  heating  surface  Is  in  propor- 
tion, amounting  to  154  square  feet  of  fire-box,  and  2181  square  feet  of  tubular  flae 
heating  surface,  making  a  total  of  2285  square  feet,  or  about  870  square  feet  more 
than  in  the  *  Lord  of  the  Isles,'  with  equal-sized  cylinders  and  driving  wheeliL  The 
weights  of  these  two  engines  are  nearly  alike,  only  ^varying  about  one  ton,  the 
<  Liverpool '  being  stated  as  32  tons,  and  the  '  Lord  of  the  Isles '  as  81  tons. 

For  symmetrical  appearance,  the  *  Liverpool '  has  a  less  bold  and  pleasing  outline 
than  the  engines  of  Stephenson's  form,  as  exemplified  in  the  '  Lord  of  the  Islee.' 
However,  what  is  thus  lost  in  appearance  is  gained  in  safety,  by  lowering  the  boiler 
until  the  relative  centre  of  gravity  is  lower  for  a  narrow-gauge  engine  than  for  the 
existing  broad-gauge  engines.  To  those  who  had  an  opportunity  of  seeing  both  the 
above-named  engines  in  the  Crystal  Palace,  this  would  be  evident,  and  oonstitutea 
their  chief  difference  from  the  usual  form  on  both  gauges.  It  is  also  the  low  centre  (tf 
gravity  and  position  of  the  driving-wheels  which  enables  them  to  compete  with  the 
broad  gauge  in  power  and  safety  within  the  limits  of  weight  economically  sustainable 
by  the  rails  and  permanent  way.  In  tho  new  edition  of  Tiedgold  there  are  elabonto 
engravings  of  the  *  Liverpool,*  as  exhibited  by  the  London  and  North  Western  Bailwaj 
Company  in  the  Industrial  Palace,  Hyde  Park.  This  engine,  it  may  be  remarked, 
worked  well,  but  was  laid  aside,  along  with  another  large  8-wheeled  engine  of  Mr. 
Stephenson's,  as  too  heavy  for  the  roadway.  The  Great  Western  Bailway  Company, 
however,  persevere  in  working  their  large  engines  at  110  lbs.  pressure  of  steam, 
regarding  them  as  more  economical  for  the  heavy  traffic  of  the  London  end  of  the 
railway  than  the  smaller  engines  worked  at  only  75  lbs.  pressure.  Deducting  the 
atmospheric  pressure  of  15  lbs.  from  each,  it  gives,  for  equal-sized  cylinders,  a  workiag 
pressure  of  95  lbs.  to  60  lbs.,  or  as  1  to  1 '58  in  favour  of  the  large  engine,  without 
reference  to  size  of  cylinder. 
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Deieripliim  of  Ulc  Sngramngt, 
Fig.  1  ii  a  uds  eleralion,   ihewing  the  genend  appMraon  of  the  engiiia  ami 
Mnegetaent  of  the  wheeli  »nd  mBchiaerj. 


The  principal  dimeusions  of  this 


!, — eylindera  15  inchas  diameter  anil 
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21  inches  atroke,  with  driTiog  wheels  7  feet  diameter.    The  middle  wheels  are  8  IM 
diameter  and  8^  feet  in  front  of  the  driying  wheels.     The  front  wheels  arft  4^  tat 
diameter  and  7i  feet  from  the  middle  wheels.    The  base  resting  on  the  raili  is  tliere* 
fore  16  feet  in  length  by  5  feet  in  width  to  the  centre  of  the  rails.     The  base  reating 
on  the  springs  is  19  feet  in  length  by  8  feet  in  width,  and  the  area  of  the  entire  firama 
24  feet  by  8  feet  wide.     The  frame  is  made  of  two  wrooght-iron  plates  84  inches  dasp 
by  1  inch  thick,  and  22  inches  apart  on  each  side.    Within  this  double  frame  the 
wheels  are  placed,  having  inside  axle-bearings  for  the  driving  wheels  and  outside  axle* 
bearings  for  the  two  pairs  of  supporting  wheels.     The  side  frames  are  strongly  bound 
together  by  the  foot-plate  behind  the  fire-box,  a  curved  stay-plate  in  front  of  it»  iwe 
more  where  the  cylinders  are  fixed,  and  two  below  the  smoke-box.    The  frtmt  baffflr 
bar  is  of  oak,  6  inches  thick,  and  curved  down  to  2  J  feet  deep,  to  clear  the  smoke-box 
door :  it  is  strongly  bolted  to  the  sides  of  the  frame,  and  has  two  stuffed  leather 
buffers  fixed  in  front  of  it.    Viewed  externally,  the  fire-box  is  5  feet  1  inch  long  and 
4  feet  wide^  with  a  semicircular  top  on  a  line  with  the  boiler,  which  is  also  4  feet 
diameter.     Internally,  the  fire-box  is  4  feet  5  inches  deep,  3  feet  4  inches  wide^  and 
4  feet  5  inches  long.    The  top  stays  are  8  inches  deep,  well  bolted  to  the  top,  and 
also  fixed  to  the  top  and  both  ends  of  the  outside  boiler  cases,  besides  resting  on  ilie 
vertical  sides  of  the  fire-box,  similar  to  the  *  Lord  of  the  Isles.*    The  cylindrical  part 
of  the  boiler  is  4  feet  diameter  and  11^  feet  long,  containing  177  tubular  flues^  each 
2  inches  diameter  and  11 J  feet  long.    It  also  contains  the  receiving  steam  pipe^ 
extending  all  the  length  of  the  boiler,  and  5  inches  diameter,  but  only  SJ  inofaes 
diameter  over  the  fire-box.    The  flat  ends  of  the  fire-box  case  and  smoke-box  are 
farther  stayed  t<>gether  by  six  wrought-iron  longitudinal  stays.      The  connecting  rods 
are  7i  feet  in  length,  and  the  eccentric  rods  5  feet  long.    The  top  of  the  boiler  is 
6  feet  10  inches  from  the  rail,  and  2  inches  below  the  top  of  the  driving  wheels.    The 
bottom  edge  of  the  fire-box  is  about  1  foot  from  the  rails.    The  orifice  of  the  blast  pipe 
is  5  inches  diameter,  but  is  fitted  up  with  the  means  of  varying  its  size,  by  the  rod 
seen  alongside  the  boiler  to  a  small  crank  near  the  chimney. 

The  average  velocity  realised  with  ordinary  trains  by  this  engine  is  about  45  miles 
per  hour,  and  the  extreme  velocity  about  63  miles  per  hour. 

On  examining  the  figure,  it  is  seen  that  the  top  of  the  fire-box  and  central  part  of 
the  boiler  are  parallel  with  each  other,  and  the  whole  outline  is  much  lower  than  the 
usual  form  of  engine.  The  driving  wheels  are  also  observed  with  their  axle  imme- 
diately behind  the  fire-box  and  over  the  foot-plate.  These  are  the  two  distinctive 
features  of  Crampton*s  engines,  viz.,  a  low  centre  of  gravity  and  the  driving  wheel 
axle  behind  the  fire-box.  By  this  arrangement  the  greatest  weight  is  placed  on  each 
pair  of  extreme  wheels,  and  the  least  weight  on  the  centre  ones,  to  insure  greater 
steadiness,  and  less  risk  of  leaving  the  rails  easily.  For  iustanoe,  there  are  about  10 
tons  on  each  pair  of  the  driving  and  front  wheels  and  only  about  7  tons  on  the  middle 
pair  of  wheels  of  this  engine. 

This  is  considered  as  a  point  gained  in  safety,  by  preventing  that  tenden^  to 
oscillate  when  the  greatest  weight  is  balanced  on  a  central  pair  of  driving  wheels,  whilst 
the  hinder  pair  has  only  a  nominal  weight  to  support,  or  an  overhanging  fire-box 
without  the  check  of  a  pair  of  wheels,  as  in  Stephenson^s  long-boiler  class. 

It  Is  the  position  of  the  driving-wheels  and  their  diameter  which  determines  the 
height  of  the  boiler  in  the  ordinary  class  of  engines,  and  when  these  wheels  are  hi^^ 
and  their  axle  cranked,  the  boiler  is  also  necessarily  high  above  the  rails.  The  '  Lord 
of  the  Isles*  is  of  this  class,  with  a  boiler  58  inches  diameter,  raised  as  Ur  above  the 
driving  axle  as  to  allow  the  cranks  and  connecting  rods  space  to  revolve  round  the 
axle,  by  which  its  height  from  the  rail  Is  about  94  feet.     With  a  boiler  60  inches  deep 
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•Bd  drmDg  vheeliorthe  same  heigbl,  the  'LiTerpool'  U  odI;  »bont  71  feet  high 
IVom  the  nits. 

In  eDginee  vith  the  driving  wheels  behind  the  fire-box,  the  height  of  the  boiler 
depends  upon  the  diameter  of  the  snpporting  wheels  and  the  distance  it  ia  desirable 
to  keep  the  lowest  edge  of  the  Gre'boi  aboie  the  rail ;  hence  the  difference  between 
the  regpectiTC  heigbta  of  the  '  LiTcipool '  and  the  '  Lord  of  the  Isles.'  The  annexed 
diagrams  will  more  deatlj  explain  the  difference  leCerred  to.  Fig.  fi  is  an  oatline 
of  one  of  Stephenson's  long-boiler  engines,  with  driTing  wheel  Ql  feet  diameter.  In 
this  class,  the  smoke-boi  overhangs  the  front  wheels,  and  the  fire-box  overhangs  the 
driving  wheels^  which  are  placed  behind  the  sapporting  wheels.   It  mn;  be  noted  that 


1  central  posiUon  of  the  driving  wheels  by  Stephenson 


this  alteration  of  the 
materiall  J  aided  Cramptoa 
in  getUn  g  his  plan  tliecl,  for 
it  was  obrioas  that  greater 
saletjand  steadiness wonld 
be  obtsined  b;  placing  the 
wheels  behind  the  fire- 
box than  in  front  of  it. 
In  Stephenson's  old  short 
twiler  engines  the  wheels 
were  arranged  otherwise, 
■a  if  the  middle  wheels, 
fig.  5,  were  taken  ont 
•nd  placed  behind  the 
fiie-boi,  OS  ia  the  '  Lord 
of  the  Isles.'  Fig.  6  shews 
the  transverse  elevation 
of  the  boiler,  fig.  t>,  whilst 
flg.  S  shews  the  relative 
htight  of  a  boiler  orer  a 
cranked  axle  in  wheels 
8  feet  diameter.  Pig.  7 
shews  the  comparative 
hdght  of  the  boiler  of  one  of  Crampton's  engines  with  8-feet  driving-wheels.  The 
difference  in  point  of  sofetf  ia  obvions. 

It  is^  however,  evident  that  Crampton's  plan  could  also  be  applied  to  the  broad 
gange,  hnt  under  the  disadvantage,  alreadj  great  enough  for  the  narrow  gauge,  of 
increasing  the  distance  from  the  centre  line  of  progression  to  the  centre  line  of  pro- 
pnlsion  by  the  cylinders.  Innde-cjiinder  engines  have  these  centres  nearer  each 
other,  which  tends  lo  prevent  oscillation  with  a  high  centre  of  gravity,  and  the 
flinders  are  well  protected  froni  external  cold  in  the  smoke-box,  whilst  ontside- 
^tinder  engines  are  neeessarily  less  protected,  and  more  distant  from  the  centre  of 
progression.  In  a  later  patent  Ur.  Crampton  has  sought  to  obviate  these  disadvou- 
tages  and  still  retain  a  compaistively  low  centre  of  gravity,  by  introducing  a  separata 
ennk  axle,  as  in  Tievithick's  first  loccmotive  of  1803,  and  ia  two  broad-gauge 
a^nes  of  1833. 

This  phia  is  carried  out  In  the  '  Folkstone,'  where  the  cylindcre  are  placed  in  tha 

■moke-box  inside  the  frame,  and  the  machinery  of  piston-rods,  link  motion,  pomps, 

and  cranked  axle  is  placed  below  the  boiler,  ss  in  the  '  Laid  of  the  Islen.'     The 

.  eranked  oxlo  hm  no  wheels  on  it,  and  is  placed  as  low  as  is  practicable,  with  its  ends 

sonnected  to  the  driving  wheels  behind  by  side  rods,  similar  to  luggage  train  engines. 
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For  iheae  oombinations  of  looomotiye  machinery  the  Couiuul  medal  of  tlie 
Exhibition  was  avarded  to  Mr.  Crampton,  as  the  designer  of  the  'Lirerpool' 
the  *  Follutone '  locomotive  steam  engines. 

A  considerable  number  of  Crampton's  engines  are  now  employed,  TaiTing  aaif 
slightly  in  detul  from  the  example  hero  giyen,  and  a  few  also  on  the  plan  awiVq^i^^ 
in  the  *  Folkstone.'  The  fall  detailed  description  of  the  *  Lord  of  the  Isles '  xeDden 
it  nnnecessary  to  do  more  than  point  out  generally  the  similar  details  of  Crampion'f 
engines,  which  combine  the  same  inrentions  as  are  in  the  '  Lord  of  the  Iale%*  witfi 
the  differences  already  described. 

In  fig.  4  the  length  of  the  fire-box  is  shewn  by  vertical  dotted  lines;  it  is 
strongly  stayed,  and  similarly  constmcted  to  that  of  the  *  Lord  of  the  Isles,'  ezoepAiiig 
that  it  has  no  divisional  water  space  in  the  fire-box.  The  'Liverpool '  has  howefcr  m 
longitudinal  water  space  in  the  fire-box,  open  to  the  water  at  the  top^  and  diTiding  the 
fire-box  top  into  two  parts,  but  only  reaching  downwards  to  within  7  inches  of  tbs 
fire-grate,  which  is  therefore  not  divided  as  in  the  fire-box  of  the  '  Lord  of  the  Isks.' 
The  front  of  the  tubes  is  also  open  to  the  products  of  combustion,  whilst  tlie 
upper  parts  of  the  fire-box  sides  are  carved  outwards  to  increase  the  tubolar  ares  of 
the  boiler,  as  now  also  adojited  in  some  broad-gauge  engines.  From  this  deseriptuNi 
it  will  be  understood  that  the  water  partition  of  the  Liverpoors  fire-box  is  Icxngit** 
dinal  from  the  top  downwards,  whilst  it  has  been  shewn  that  the  water  partition  of 
the  '  Lord  of  the  Isles '  is  transverse  and  curved  upwards  from  the  bottom. 

The  position  of  the  cylinders  is  seen  between  the  front  and  middle  wheels  oatsids 
the  boiler,  and  well  fixed  to  the  double  frame.  The  steam  pipe  is  seen  passing  frtm 
the  regulator  chest  on  the  top  of  the  boiler  to  the  steam  chest  on  the  upper  side  of  tks 
cylinder.  When  the  regulators  are  opened  by  the  rod  seen  on  the  top  of  the  boiler, 
the  steam  passes  down  the  outside  lateral  pipes,  4}  inches  diameter,  to  the  stsam 
chest,  where  the  slide  valves  distribute  it  to  the  cylinders.  From  the  cylinders  the 
steam  escapes  by  the  oblong  circular  passages  below  the  slide  valves,  and  along  the 
pipe  leading  from  the  cylinder  to  the  smoke-box,  where  the  two  side  pipes  are  turned 
upwards  and  united  to  form  the  blast  pipe.  Immediately  over  the  blast  pipe  is  fixed 
the  chimney,  15  inches  in  diameter,  with  a  cover  fitted  on  its  top  to  check  the  draft 
on  the  fire  when  the  engine  is  not  working.  The  vertical  rod  and  handle  are 
by  which  the  damper  is  turned  off  and  on  the  chimney  as  required. 

For  want  of  this  simple  process  of  working  this  damper  a  fire-man  was  killed 
the  Great  Western  Railway,  by  his  head  being  jammed  between  the  chimney  and  tlM 
joist  of  the  shed,  as  the  engine  moved  from  rest,  whilst  he  climbed  up  to  remove  a 
loose  plate  by  hand  from  the  chimney-top. 

Behind  the  middle  wheel  is  seen  the  x>osition  of  the  piston  rod,  gtiide  ban^  and 
cross-head,  with  its  union  with  the  rod  which  connects  it  to  the  driving  wheels  on 
which  the  sheaves  of  the  eccentric  are  fixed.  Two  of  the  four  eccentrics  are  shewn  with 
their  rods  jointed  to  the  upper  and  lower  end  of  the  curved  *  link '  which  is  attsdied 
to  the  slide-valve  rod  by  a  slide  block,  moveable  inside  the  link.  As  drawn,  the 
lowest  eccentric  rod  is  in  *  full  gear '  for  working  the  slide  valve.  Behind  the  drinng 
wheel  is  seen  the  reversing  lever,  with  its  connecting  rod  leading  to  the  reversing  shaft 
arm  near  the  middle  wheel,  having  another  arm  connected  to  the  top  of  the  curvsd 
link.  By  this  hand-gear  the  driver  moves  the  link  up  and  down  the  slide-valve  rod 
block  to  regulate  the  travel  of  tho  slide  valve  and  expansive  action  of  the  steam 
to  the  duty  it  has  to  perform,  as  described  in  the  link  motion  of  the  *  Lord  of  tho 
Isles.' 

To  another  arm  on  the  same  shaft,  tlio  circular  weight  is  attached,  to  balance  the 
weight  of  the  shifting  link  and  eccentric  rods,  so  that  they  may  both  work  and  bo 
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xtreried  with  greats  ease.  When  the  'link  *  is  siupended  from  the  boiler  as  in  the 
•^Lord  of  the  Isles,'  the  suspension  rods  sustain  the  eccentric  rods  and  *  link,'  so  that 
no  balance  weight  is  required.  From  the  lower  sides  at  each  end  of  the  cylinders  are 
placed  cocks  for  allowing  the  condensed  steam  to  escape,  opened  and  shat  by  the  rod 
Men  passing  angularly  to  the  top  of  the  driTing  wheel  and  within  the  reach  of  the 
driTer. 

The  tallow  cup  for  lubricating  the  piston  and  slide  yalve  is  seen  at  the  upper 
zight-hand  comer  of  the  cylinder. 

Near  the  front  comer  of  the  fire-box  is  seen  one  of  the  blow-off  cocks,  for  allowing 
the  steam  and  hot  water  to  be  forcibly  ejected,  and  cany  down  as  much  of  the  deposit 
precipitated  by  boiling  as  possible.  The  handle  is  seen  over  the  top  of  the  link,  with 
its  rod  down  to  the  cock  key. 

Above  the  frame,  beside  the  front  wheel,  is  seen  the  water-supply  pump,  with  the 
pipe  to  the  left  which  conveys  the  water  into  the  boiler.  The  barrel  of  the  pump  is 
seen  in  dotted  lines  along  the  frame  and  in  the  same  plane  as  the  cylinder.  The 
piston  has  two  rods,  one  of  which  connects  it  to  the  driving  wheels,  and  the  other 
from  the  opposite  end  of  the  cylinder  works  the  pump.  The  piston  is  thus  supported 
from  both  ends,  which  prevents  it  from  dropping  down  to  rub  along  the  lower  side  of 
the  cylinder,  as  is  frequently  the  case  with  heavy  pistons  on  the  end  of  a  rod. 

Below  the  axle-boxes  of  the  wheels  is  seen  the  feed  pipe  leading  from  the  pump  to 
the  tender  water  tank,  and  suspended  from  the  frame  and  fire-box.  It  is  connected 
to  the  tender  feed  pipe  by  a  ball-and-socket  pipe,  partly  seen  near  the  steps  up  to  the 
foot-plate  of  the  engine.  Three  of  the  six  springs  supporting  the  engine  on  the  wheels 
sore  shewn,  two  of  them  below  and  one  above  the  frame.  They  are  about  8  feet  3 
inches  losg,  connected  by  their  ends  to  the  fr-ame,  and  by  their  centres  to  the  axle- 
boxes.  Over  each  of  the  wheels  is  a  guard  to  prevent  the  driver  from  coming  in 
contact  with  them  whilst  moving  about  on  the  engine,  and  those  over  the  driving* 
wheels  protect  the  men  on  duty  from  side  gales  or  storms.  A  hand-rail  passes  along 
from  the  driving-wheel  guard  to  the  smoke-box,  for  the  men  to  lay  hold  of  when  going 
to  the  front  of  the  engine. 

Above  the  driving-wheel  guard  is  seen  one  of  the  safety-valye  levers,  the  *  locked* 
up*  one  being  alongside  of  it. 

In  front  of  the  chimney  is  seen  the  signal-lamp  socket,  and  in  front  of  the  smoke- 
box  the  handle  for  opening  and  fastening  the  smoke-box  door.  Below  the  smoke-box 
is  seen  the  rail-clearing  guard,  strongly  bolted  to  the  frames 

SECTION  V. — ON  THE  DIMENSIONS  OP  THE  LOCOMOTIVE  ENOINK  BOILER 
IN  RELATION  TO  ITS  EVAPORATIVE  POWER.* 

**  In  the  firo-box  and  boiler  roaidcs  the  real  source  of  the  iwwer  of  the  engine." — Pambgur. 

1.  The  object  of  this  Section  is  to  determine  the  dimensions  of  a  locomotive  boiler 
requisite  to  furnish  steam  for  any  given  number  of  horses^  power ;  and,  conversely, 
the  evaporative  power  of  boilers  of  given  dimensions. 

Locomotive  boilers  generally  have  been  too  small  for  the  work  they  have  had  to 
perform  :  hence  the  tendency  to  work  them  at  a  speed  and  pressuro  greater  than  is 
safe  to  those  around  them.  Considering  the  great  extension  of  railways,  and  the 
observant  habits  of  railway  engineers,  it  is  to  be  wished  that  some  investigation  of  a 
moro  philosophical  kind  than  the  present  were  directed  to  this  subject,  and  more 
especiaUy  by  those  whose  connection  with  railways  renders  them  more  competent  to 
the  task.     No  one  can  be  more  conscious  than  the  writer  of  the  imperfection  of  the 

—  ■ IP     L     ■  ~  '' 

•  By  R  Armstronp,  C.  E.  (lato  of  Manchester). 
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present  step  towards  the  opening  up  of  sncb  an  inTesttgation  ;  bnt  he  tnisti  to  tbff 
eircnmstanoe  of  its  being  a  step  in  tbe  rigbt  direction,  and  on  gronnd  entirely  unoooK* 
^ied  by  others,  as  some  excuse  for  the  attempt. 

The  boiler  of  the  lailway  locomotiye  steam  engine  may  be  shorti  j  defined  u  a 
'  cylindrical  fire-box  boiler,*  with  nnmerons  small  tubnlar  fines,  and  '  direct  draft' 
produced  by  discharging  the  '  exhaust '  steam  through  the  chimney.  This  definitioQ 
is  intended  to  point  out^  in  a  popular  sense  only,  what  would  be  the  true  poaitiom  of 
the  Mocomotive'  amongst  the  numerous  Tarieties  of  'stationaiy*  boilers^  if  taken 
firom  its  carriage  and  set  on  brickwork. 

In  applying  new  methods  of  computation  to  such  purely  practical  matters,  it  will 
be  best  to  adopt  the  synthetical  mode  of  giving,  as  we  proceed,  the  rule  and  the  reaaasi 
for  it  at  the  same  time, — trusting  to  some  analogical  experiments  with  stationary 
fire-box  boilers,  as  a  connecting  link  between  the  perfect  stationary  and  the  pexiect 
locomotive  boilers,  to  make  our  case  complete. 

2.  The  *  egg-ended*  cylindrical  boiler  being  the  simplest  and  perhaps  the  best  of 
all  stationary  high-pressure  boilers,  and  easily  appealed  to  in  corroboration  or  eor* 
rection  of  what  we  advance,  almost  every  one  being  conversant  with  it,  it  will  be 
best  to  take  it  as  the  groundwork  for  the  data  to  be  employed,  assuming  only,  for 
our  present  purpose,  that  the  plain  cylindrical  boiler  with  fiat  ends  is  in  its  evape* 
rating  power  substantially  the  same.  This  is,  in  fact,  identical  with  the  conunon 
'  harrd  hoUer*  of  the  North  of  England  Collieries  ;  and  when  set  up  with  a  *  throngh 
draft,'  or  without  side  fines,  or  flues  of  any  kind,  as  it  frequently  is,  and  with  the 
furnace-grate  at  one  end,  of  the  same  width  as  the  boiler  itself,  it  brings  us  one  step 
nearer  to  the  condition  of  the  locomotive,  and  so  far  assists  the  comparison  we  are 
instituting. 

8.  Now  it  is  not  a  mere  matter  of  opinion,  but  the  result  of  numerous  experiments 
instituted  upon  a  large  scale  for  practical  purposes  on/y,— carried  on  under  the 
inspection  of  the  writer,  and  recorded  in  a  work  especially  devoted  to  the  subject  of 
stationary  boilers, — that  the  evaporative  power  of  a  boiler  of  this  description,  with  a 
certain  assignable  amount  of  draft  and  quality  of  fuel,  depends  upon  three  points^ 
which  are  as  follow  : 

First,  On  the  area  of  the  fire-grate,  or  the  area  of  the  heating  sur&oe  imme« 
diately  over  or  very  near  it,  exposed  to  the  direct  radiation  of  the  heat  from  tlie 
burning  fuel. 

Secondly.  On  the  whole  area  or  extent  of  heating  surface  exposed  to  the  upward 
action  of  the  fiame  and  hot  air  within  a  certain  limit. 

Thirdly,  This  limit  is,  that  with  a  furnace-grate  and  bars  of  any  ordinary  construc- 
tion, and  common  coal,  there  is  no  appreciable  loss  of  evaporative  effect,  if  the  area 
of  tbe  effective  heating  surface  only  exceeds  that  of  the  fire-grate  or  radiant  heating 
surface  immediately  over  it,  in  the  proportion  of  nine  to  one. 

Although  the  above  data  for  stationary  boilers  have  direct  relation  to  their  erapo* 
rative  i)owers  alone,  irrespective  of  their  economy,  experience  has  proved  that  the 
proportion  of  not  more  than  9  to  1,  or  a  square  yard  of  heating  surfiu^  to  a  sqiiaie 
foot  of  fire-bar,  is  also  the  most  economical ;  and  that  by  using  fuel  of  a  stronger 
heating  quality,  or  by  an  increased  draft,  which  amounts  to  nearly  the  same  things 
even  a  somewhat  less  proportion  of  heating  surface  is  sufficient  to  render  any  addition 
to  it  unadvisable  in  any  case^  as  costing  more  than  it  is  worth. 

4.  Applying  the  above  proportions  in  practice,  it  was  also  found  that  there  was  no 
difficulty  in  evaporating  a  cubic  foot  of  water  per  hour  for  each  square  foot  of  fire- 
grate, even  with  inferior  coal ;  and  that  with  the  best  coal,  and  careful  management 
in  feeding  the  fire,  a  proportion  approaching  to  half  a  square  foot  was  sufficient. 
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5.  Taking  the  evaporation  of  a  cubic  foot  of  water  per  honr  to  be  amply  snffident^ 
as  it  is,  for  each  horse-power  in  a  common  Boulton  and  Watt  engine  working  nnex- 
pansiYely,  the  power  (P)  of  any  boiler  to  snpply  such  engine  with  steam  may  be 
represented  by 

P=i(P  +  S), 

where  F  =  the  area  of  fire-grate  in  sqnare  feet,  and  S  =  the  effective  area  of  heating 
surface  in  sqnare  yards,  never  greatly  differing  in  amount  from  F,  and  never  exceeding 
it  Where,  however,  S  was  considerably  less  than  F,  though  not  less  than  }  F, — 
below  which  our  experiments  did  not  extend,  —instead  of  the  arithmetical  mean,  we 
feund  the  geometrical  mean  between  F  and  S  to  express  the  nearest  approximation  to 
the  greatest  evaporative  effect  that  could  be  produced,  or 

P=:(FS)*. 

6.  We  will  not  assert  that  it  is  impossible  to  find  a  more  correct  expression  for  the 
relation  that  subsists  between  the  areas  of  fire-grate  and  heating  surface  when  a  boiler 
is  producing  its  maximum  effect,  than  the  above  empirical  formula  presents ;  but  it 
will  not  be  easy  to  find  one  more  eligible  for  ready  application  in  practice. 

The  proportions  of  heating  surface  to  the  fire*grate  above  given  being  admitted  aa 
correct  under  the  given  circumstances  of  quality  of  fuel  and  draft,  we  may  apply 
them  in  ascertaining  the  evaporative  power  of  the  boiler  taken  as  our  first  example  ; 
namely, 

7.  The  cylindrical  Boiler  with  fiat  ends. — In  order  to  obtain  a  simple  expression 
for  the  heating  surfiice  of  this  boiler,  in  sqnare  yards,  let  L  =  length  of  the  boiler  in 
feet,  D  =  the  diameter,  and  a  =  8*1416  ;  then,  taking  the  lower  half  of  the  cylindri- 
cal boiler  to  be  entirely  exposed  to  the  fire,  flame,  and  hot  air,— exclading  the  flat 
ends,  which  are  generally  compensated  for  by  excluding  from  our  measurement  a  few 
inches  in  depth  of  side  surface,  of  about  equal  value,  which  is  commonly  covered  over 
by  the  brickwork  below  the  level  of  the  central  line  of  the  boiler,  — we  have  |  a  D  L  = 
the  area  of  the  under  surface  of  the  boiler  in  square  feet,  and 
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which,  taking  our  previous  data  of  a  square  yard  of  effective  heating  surface  as  sufficient 
for  a  horse-power,  is  also 

5-7 

8.  The  cylindi'ical  boiler  under  consideration  may  be  supposed  to  have  a  diameter 
of  6  feet,  which  will  conveniently  admit  a  fire-grate  under  it  of  5  feet  sqnare,  =  25 
square  feet  area ;  and  in  order  to  be  arranged  in  the  best  proportions  for  a  25*hor8e 
boiler,  as  before  indicated,  would  require  a  heating  surface  of  25  square  yards,  or 

5*7  P 
whence  L=—g|— =23*75  feet  for  the  length  of  the  boiler,  which  is  nearly  four 

times  the  diameter ;  but  as  it  is  expedient  to  approximate  these  examples  as  nearly  aa 
convenient  to  the  more  general  proportions  of  the  locomotive  boiler,  we  may  assume 
that  20  feet  will  be  a  preferable  length  in  this  case.  Its  heating  surface  will  then  be 
(Art.  7)S  =  DL-4-6*7  =  6  x  20-4-5*7=  20*9  square  yards ;  which,  being  less 
than  the  number  of  square  feet  in  the  area  of  the  fire-grate,  the  correct  value  of  P  is 
(by  Art.  6)  =  (F  S)i=  yjib  x  21  =  23  horse-power  nearly. 
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9.  In  pnrsuftncd  of  thia  inTestigaiion,  it  may  now  bo  suppoaed  that  for  the  piirpoie 
of  inereasing  the  heating  snrfaoe  and  conseqaent  economy  of  this  boiler,  and  for 
diminishing  the  quantity  of  water  it  contabs,  in  order  to  bring  it  nearer  the  oonditka 
of  a  locomotiye,  it  is  determined  to  put  into  it  a  cylindrical  flue  of  4  feet  diainetery 
passing  longitudinally  through  it  from  end  to  end.  Supposing  also  that  the  fire-grate 
remains  as  before,  but  that  instead  of  the  smoke  passing  direct  from  below  the  boiler 
into  the  chimney  it  takes  one  turn  through  the  inside  flue,  let  us  examine  the  amownt 
and  the  efifect  of  the  additional  heating  surfjEtce  which  is  thus  obtained. 

10.  It  has  been  found  by  repeated  experiments  with  common  square  or  nearly  red* 
angular-sectioned  flues,  that  the  top  of  the  flue  only  is  fully  efifectiye  in  generating  steam  | 
the  sides,  if  nearly  vertical,  having  veiy  little  effect,  and  the  bottom  of  the  flue  still  leai^ 
or  next  to  none  ;  and  that  in  a  circular  flue,  whatever  efliect  may  be  due  to  the  bottom 
and  sides,  it  is  amply  compensated  for  by  allowing  the  upper  semi-cylindrical  portion 
to  be  calculated  to  the  full  extent  of  its  area  as  effective  heating  surface.  And  when 
we  consider  that  the  smoke  and  hot  air  must  act  against  the  inside  or  upper  caaoKft 
surface  of  the  flue,  in  the  same  manner  as  they  would  do  against  the  outside  or  lower 
convex  surface,  supposing  the  flue  to  be  taken  out  and  fixed  up  as  an  extensioii  of  the 
boiler,  it  is  evident  that  the  effective  heating  surface  of  the  flue  cannot  be  reckoned 
at  less  than  we  have  stated  :  therefore,  in  computing  the  effective  heating  8ur£aoe  of 
all  circular  flues,  the  lower  half  must  be  entirely  excluded  as  non-effective. 

11.  From  the  above  considerations  it  appears,  that  the  expression  for  the  effective 
heating  surface  of  the  outer  shell  of  the  boiler  must  also  be  the  correct  one  for  that 
of  the  inside  flue,  or  S  =  D  L  -^  5'7  =  4  x  20  -i-  57  =  14  square  yards,  whidi, 
added  to  the  heating  surface  of  the  shell,  =  21  square  yards,  as  before  found,  gives 
35  yards  as  the  total  effective  heatlDg  surface  of  Uie  boiler  and  flue.  Such  a  large 
additional  surface  would  enable  the  boiler  to  produce  the  full  evaporative  effect  due  to 
its  2 5-hor8e  fire-grate ;  and  such  a  boiler  for  evaporating  purjioses  only  (though  not 
for  working  a  stationary  engine)  we  know  from  experience  to  be  extremely  economical 
of  fuel. 

12.  The  most  obvious  way  that  now  presents  itself  to  assimilate  the  oondition  of 
this  boiler  towards  that  of  a  locomotive,  is  to  remove  the  furnace  from  under  the 
boiler,  and  to  place  one  with  a  fire-grate  of  the  same  area  within  the  inside  flue.  This 
done,  the  evaporative  power  and  economy  of  the  boiler  will  remain  just  the  same  M 
before,  provided  the  hot  air  is  compelled  to  return  down  and  spread  itself  under  the 
boiler  bottom  before  passing  into  the  chimney.  If,  however,  we  discard  all  the  effieet 
to  be  obtained  from  applying  heat  to  the  external  surface,  and  allow  the  smoke  to 
pass  direct  from  the  inside  flue  to  the  chimney,  we  acquire  a  still  nearer  approach  to 
the  locomotive  principle,  and  our  hypothetical  boiler  at  once  becomes  the  Trevitkkk 
locomotive  hoUer,  the  great  forerunner  of  Stephenson's. 

It  is  certainly  true  that  these  proportions  of  25  square  feet  of  fire  to  14  aquaie 
yards  of  surface,  making  a  boiler,  according  to  our  views,  of  y/25  x  14  =  ISJ  horse- 
power, would  be  far  from  economical.  But  it  only  requires  to  have  a  14-horBe  fur- 
nace-grate to  make  it  a  good  14 -horse  boiler  for  various  evaporating  purpose9 ;  and 
with  a  steam  dome  and  a  firc-feediog  machine  it  would  be  equally  good  as  a  steam 
engine  boiler. 

13.  The  first  improvement  that  suggests  itself  in  the  last-named  boiler  is  to  take 
out  the  large  flue  and  to  substitute  two  smaller  ones  instead,  each  of  2 4  feet  diameter, 
thus  increasing  the  effective  heating  surface  to  (2|  x  2  x  20  -^-  5'7  =)  174  eqvaim 
yards.  This,  with  a  fire-grate  in  each  flue  corresponding  to  the  heating  surfiMX^ 
would  make  a  good  17i-hor8e  boiler,  not  very  dissimilar  in  proportions  to  some  of  the 
oldest  locomotives. 
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li.  Another  yariation  or  extension  of  the  prmciple  of  the  above  *  doMe-ftaiMCid* 
boiler  would  be  its  conversion  to  the  condition  of  the  *  circular  marine  boUer,^  by 
having  the  two  famace  or  main  flaes  made  something  less  in  diameter,  say  2  feet,  so 
as  to  allow  them  to  be  placed  lower  down  in  the  boiler  for  the  purpose  of  admitting 
four  smaller  flaes,  each  of  12  inches  diameter,  returning  from  the  smoke-box  over 
the  top  of  the  former  to  the  chimney.  The  e£fective  heating  surface  in  this  case  is 
again  increased  to  28  square  yards,  making,  with  an  adequate  area  of  fire-grate,  a 
boiler  of  about  28  horse-power. 

15.  The  next  point  of  view  in  which  to  place  our  hypothe^cal  boiler,  in  its  approxi- 
mation to  the  locomotive,  would  be  that  of  a  kind  called  the  *  Liverpool  Patent^  con- 
struction, which  became  suddenly  very  popular  soon  after  the  opening  of  the  Liverpool 
and  Manchester  Bailway :  they  were  precisely  the  same  as  the  last  mentioned,  or 
'circular  marine  boiler,*  only  that  they  were  adapted  for  land  purposes,  and  a  fire-box 
was  added.  Many  of  them  were  made  about  the  time  referred  to,  but  they  generally 
failed  for  want  of  draft.  They  were  as  nearly  as  possible  the  same  as  those  called 
'  Steven^ 8  American  Boilers,'^  of  which  some  valuable  details  were  given  in  Mr.  Weale*B 
*  Engineer's  and  Contractor's  Pocket  Book'  for  1848 ;  from  which  it  also  appears 
that  to  America  belongs  the  honour  of  first  applying  them  successfully  in  steam 
boats,  in  conjunction  with  the  fan-blast  and  anthracite  coal.  Not,  however,  being  in 
possession  of  their  actual  evaporative  power  in  practice,  we  here  give  the  dimensions 
of  one  of  a  very  similar  kind,  many  of  which  came  under  our  own  observation 
in  Lancashire,  in  1833,  certainly  some  years  antecedent  to  their  re-invention  in 
America. 

16.  This  was  a  seven-Jlued  fire-hox  hoilery  23  feet  long  in  the  cylindrical  part  by 
7  feet  diameter,  with  the  addition  of  the  fire-box  of  7  feet  wide  externally  by  7|  feet 
long,  making  a  total  length  of  80  J  feet :  the  internal  fire-box  was  6|  feet  wide  by 
7  feet  long  and  4  feet  deep.  Of  the  seven  flues  three  were  direct,  averaging  18  inches 
diameter  by  21  feet  long,  passing  from  the  fire-box  to  an  internal  *  take-up,*  or  smoke- 
box  :  from  this  smoke-box  proceeded  four  return  fines,  each  of  12  inches  diameter  by 
28  feet  long,  passing  over  the  top  of  the  other  three  flues,  and  over  the  top  of  the 
fire-box  to  the  front  of  the  boiler,  where  the  smoke  passed  out  to  the  chimney,  after 
making  one  turn  under  the  cylindrical  part  of  the  boiler.  Two  of  these  boilers  were 
worked  for  some  years  at  a  chimney  with  a  good  draft  (equalling  a  pressure  of  half 
an  inch  of  water),  evaporating  from  40  to  50  cubic  feet  of  water  per  hour  with  only 
a  moderate  consumption  of  fuel ;  which  was  a  greatly  improved  result  compared  to 
that  obtained  from  some  others,  by  the  same  makers,  vnth  a  greater  number  of 
smaller  flues,  and  consequently  worse  draft. 

17.  Reverting  to  our  hypothetical  boiler  of  20  feet  by  6,  we  shall,  by  putting  into 
it  a  dozen  direct  tube  flues,  each  of  9  inches  diameter,  and  adding  a  fire-box  of  6  feet 
by  5,  again  increase  its  heating  surface,  while  the  collective  cross  sectional  area  of  all 
the  tubes  is  nearly  doubled  ;  thei*efore,  with  the  same  chimney  or  blast,  we  know  that 
the  draft  would  not  be  diminished. 

The  efifective  evaporating  surface  of  the  flues  alone,  orSsi>(=*75x  12  =  dft) 
X  L  (=20)  ~5'7  =  31  square  yards,  with  a  fire-grate  of  30  square  feet  in  the  fire- 
box, may  be  considered  a  good  30-horse  boiler. 

18.  Having  proceeded  so  far  to  shew  the  increasing  capabilities  of  the  locomotive 
boiler,  considered  as  an  evaporating  instrument  merely,  in  its  gradual  conversion 
from  the  simple  cylindrical  stationary  boiler  to  the  direct-draft  locomotive  boiler  of 
Trevithick,  and  through  various  forms  of  construction,  to  the  multiflue  or  *  tubular 
fire-box  boiler  of  Stephenson,— computing  the  power  derivable  from  each  alteration, 
and  tracing  their  nearest  analogies  to  stationary  and  marine  boilers,  as  grounds  for 
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such  computation,  yre  now  introduce  another  element  into  the  calculation,  namely, 
the  radiant  heating  surface  of  thejire-box, 

19.  In  calculating  the  power  of  stationary  boilers,  we  have  always  considered  the 
radiant  heating  surface  as  nearly  co-extensive  with  the  area  of  the  fire-grate,  and 
therefore  the  expression  for  them  in  any  formula  for  the  power  as  nearly  the  same  : 
where,  however,  the  area  of  the  fire-grate  is  small  in  comparison  with  the  depth  of 
the  fire-box,  as  in  a  locomotive,  the  case  is  very  different ;  for  instead  of  that  part  of 
the  heating  surface  in  the  furnace  which  is  very  near  the  fire  being  immediatelj  over 
the  latter,  as  in  a  common  boiler,  the  sides  of  the  fire*box  are,  on  the  contrary^ 
mostly  vertical,  whilst  the  part  which  is  horizontally  over  the  fire,  namely,  the  top  of 
the  fire-box,  is  really  the  furthest  off.  Now  the  evaporative  value  of  different  por- 
tions of  this  surface  must  depend  in  some  measure  on  adventitious  cireumstanoes, 
which  will  vary  a  little  in  different  cases,  such  as  the  direction  given  to  the  current 
of  air  through  the  grate  ;  though  Engineers  have  generally  agreed  with  Pambonr  in 
treating  it  as  if  it  were  uniform  in  its  heating  effects,  calling  all  the  surface  ex> 
posed  to  the  direct  radiation  from  the  burning  fuel  on  the  grate,  indifferently, 
^radiant  heating  surface;^  yrhilst  the  total  surface  of  the  tubes  or  flues,  exposed 
only  to  the  hot  air  or  smoke,  has  been  called  *  communicative  heating  surface.*  As 
to  the  communicative  surface  of  the  tubes,  we  have  already  considered  one-half  of  it 
only  to  be  really  effective  in  generating  steam  (A.rt«  10),  for  reasonjs  which  will 
presently  appear, 

20.  If  we  take  a  square  iron  box  immersed  in  water,  and  keep  it  continnally  filled 
with  a  current  of  hot  air  passing  through  it,  in  sufficient  quantity  to  keep  the  water 
gently  boiling,  we  find  that  the  upper  surface,  when  horizontal,  generates  more  than 
double  the  quantity  of  steam  per  unit  of  area  generated  by  the  sides,  when  the  latter 
are  vertical, — whilst  the  bottom  generates  none  at  all.  These  facts  are  evidently 
quite  independent  of  the  action  of  the  hot  air  on  the  internal  sur^Eice  of  the  metallic 
box,  which  of  course  is  uniform,  and  arise  entirely  from  the  difficulty  there  is  in  the 
water  getting  proper  access  to,  or  coming  into  close  contact  with,  the  side  aarhce 
(except  at  a  small  portion  towards  the  bottom),  so  as  to  take  the  heat  up  with  suffi- 
cient facility  to  become  converted  into  steam.  The  minute  bubbles  of  steam,  as  they 
rise  more  or  less  rapidly  to  the  surface  of  the  water,  constitute,  in  fact,  the  condition 
of  boiling,  or  generating  steam,  as  distinguished  from  simmering,  or  merely  heating 
the  water  preparatory  to  boiling.  And  whilst  this  steam  thus  rises  freely  and  unob« 
structed,  and  therefore  rapidly,  from  the  top  of  the  box,  that  generated  near  the 
bottom  or  lower  portion  of  the  sides,  in  rising  vertically  upwards  (which  it  must  do 
generally),  is  compelled  to  pass  between  the  sur&ce  of  the  heated  iron  plate  and  the 
water,  forming  a  thin  current  or  stratum,  as  it  may  be  called,  of  steam,  which  by  its 
constant  interposition  completely  prevents  the  proper  access  of  the  water  to  the 
heating  surface  with  sufficient  rapidity  for  effective  evaporation. 

A  strong  illustration  of  the  above  general  fact  is  afforded  by  inclining  the  heated 
box  a  little  sideways,  so  that  one  of  the  sides  may  incline  a  very  few  degrees  from  the 
vertical  upwards,  whilst  the  opposite  side  declines  at  the  same  small  angle  from  the 
vertical  downwards,  when  the  very  great  difference  in  the  amount  of  cvaporaUon 
becomes  strikingly  apparent, — the  bubbles  of  steam,  as  they  are  formed,  rising  rapidly 
from  the  elevated  side,  whilst  they  hang  sluggishly  against  the  opposite  one,  and 
appear  only  to  be  driven  off  at  last  by  actually  overheating  and  injuring  the  plate.* 

21.  It  is,  moreover,   evident  that  there  must  be  a  different  evaporative  value  for 


*  This  Iivjiiry  to  boiler  plates  Inclined  In  a  wrong  position  la  not  bo  conspicuous  in  the 
fo^/xT  firobox  of  a  locomotive  as  iu  the  <«o/i  fire  I'Uwe  of  a  m.irine  boiler. 
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every  alteration  of  the  angle  of  inclination  of  the  generating  snrfaoe ;  as  a  Tariation 
of  2  or  8  degrees  makes  a  sensible  di£ference  in  the  amonnt  of  evaporation  from  the 
sides,  whilst  any  di£ference  in  the  e£fect  produced  by  the  top  is  not  to  be  perceived 
even  when  inclined  as  much  as  20  or  80  degrees  from  the  horizontal.  Sufficient, 
however,  for  our  present  purpose  is  the  knowledge  of  the  fact  now  generally  admitted, 
that  the  evaporative  value  of  the  top  sur&ces  of  fire-boxes  and  flues,  even  when 
inclined  as  much  as  45  degrees  from  the  horizontal  position,  is  to  that  of  the  vertical 
or  very  nearly  vertical  surface,  as  about  two  to  one, 

22.  Hence  arises  a  very  obvious  and  ready  rule  for  the  practical  measurement  of 
the  efifective  surface  of  all  kinds  of  flues  and  fire-boxes.  It  is  as  follows  :  When  the 
area  of  side  surface  does  not  exceed  that  of  the  top  surface  in  any  unit  of  the  length 
of  the  flue,  take  them  together  as  efifective  surface,  which  agrees  with  the  rule  already 
given  in  respect  of  circular  flues  (Art.  10) ;  but  when  the  side  surface  exceeds  the  top 
surface,  then  take  half  of  such  excess,  and  adding  it  to  twice  the  area  of  top  surface, 
call  the  combined  amount  the  effective  heating  surface. 

It  may  here  be  observed,  that  in  several  trials  with  stationary  fire-box  boilers, 
using  coals,  the  evaporation  produced  by  each  square  foot  of  efifective  radiant  surface, 
measured  in  the  above  way,  together  with  a  proportional  area  of  communicative 
surface,  was  found  to  be  accurately  equivalent  to  that  produced  by  the  same  area  of 
fire-grate  and  heating  surface  in  a  common  waggon  boiler,  a  corresponding  consump- 
tion of  fuel  being  required  in  each  case. 

23.  From  the  above  it  will  appear  that  there  is  no  need  to  make  any  reference  to 
the  area  of  the  fire-grate  in  any  calculation  of  the  power  of  a  fire-box  boiler,  so  long 
as  an  equal  consumption  of  fuel  is  efifected  by  a  greater  or  less  rate  of  combustion  or 
otherwise. 

Agreeably,  then,  to  these  conclusions,  we  may  take  each  square  foot  of  efifective 
radiant  heating  surface  in  the  furnace  of  a  fire-box  boiler  to  be  sufficient  for  each 
horse-power  when  common  coals  and  the  ordinary  draft  are  used.  And  supposing 
the  normal  working  condition  of  the  boiler  of  a  locomotive  to  be  that  in  which  little 
or  no  power  is  lost  by  the  contraction  of  the  blast  pipe, — or  when  the  exhaustion  of 
the  chimney  by  the  simple  discharge  of  the  eduction  steam  causes  an  average  draft 
through  the  furnace  equal  to  that  which  is  produced  by  a  good  chimney  for  a 
stationary  engine,  or  equal  to  the  pressure  of  half  an  inch  of  water, — the  cases  are 
sufficiently  analogous  to  authorise  us  to  use  the  same  method  of  computation  in 
both. 

24.  Equations  for  the  heating  surface  and  horse-power  of  locomotive  engine 
boilers  corresponding  to  those  already  given  (Arts.  7,  8)  for  stationary  boilers  are 
as  follow: 

Sdh  — . 

=  ^,alsoP=cVBS, 

where  d=the  collective  diameters  of  all  the  tubes  in  feet;  L=the  length  of  the 
tubes  or  of  the  cylindrical  'pari  of  the  boiler  in  feet ;  S^the  efifective  commtmicative 
heating  surface  of  all  the  tubes  in  square  yards,  never  being  less  than  1  ;  R=the 
efifective  radiant  heating  surface  of  the  fire-box  in  square  feet,  which  should  not  be 
less  than  S  :  where,  however,  B  is  less  than  S,  the  equation  for  the  power  P  is  simply 
P=cB;  the  co-efficient  c  depending  on  the  combined  efifect  of  the  blast  and  the 
quality  of  the  coke,  to  be  determined  by  experiment,  but  which  in  the  normal  state  of 
the  locomotive  may  be  considered  equal  to  unity. 

25.  The  problem  now  is  to  determine  from  some  actual  case  the  value  of  e  when  a 
locomotive  ia  exerting  its  maximum  efifect ;  for  which  purpose  we  may  take  as  an 
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example  Mr.  Stephenson's  patent  six-wheeled  engine,  aa  giTea  in  the  last  edition  of 
Tredgold  on  ihe  Steam  Engine. 

It  contains  124  tubes,  each  of  1  finch  diameter  and  7  feet  9  inches  long.  Henee 
d=  m=)  1*625  X  124  -T-  12  =  16*79  feet,  =  the  collectiye  diameten  of  mil  the 
tubes,  and  S  =  16*79  x  7*75  ~  5*7  —  22*8  square  yards,  =  the  ^ective  area  of 
tube  sur&ce. 

The  total  area  of  the  internal  surface  of  the  fire-box  is  50  square  feet,  the  top  being 
about  lOJ  and  the  side  surface  394  >  therefore  89|  —  I04  =  29,  is  the  exeeas  of  the 
side  over  the  top  surface,  of  which,  according  to  the  rule  giren  in  Art.  22,  wo  take 
half  =  144,  and  adding  it  to  twice  the  area  of  the  top,  we  have  B  =144  +  (2  x  I0|) 
=35}  square  feet  for  the  effective  radiant  surface  of  the  fire-box ;  and 


P  =  cV35-5  X  22-8  =  28-4 c. 

Now  it  appears  from  Mr.  Stephenson's  account  of  this  engine,  that  the  extent  of  its 
power,  with  steam  at  the  pressure  of  50  l&s.  per  square  inch  in  the  boiler,  was  about 
77  horse-p9wer,  the  boiler  then  evaporating  77  cubic  feet  of  water  per  hour  by  8  lbs. 
of  coke  for  each  cubic  foot.    Whence  c  =  77  --  28*4  =  2*7,  which  gives 

P  =  2-7  V^ 

for  the  horse-power  of  any  locomotive  engine  boiler  on  this  principle. 

26.  We  will  now  give  practical  examples  of  the  converse  of  the  above  operation, 
>)y  which  to  find  the  dimensions  of  a  locomotive  boiler  for  a  given  power  ;  and  as  the 
tendency  for  some  years  past  has  been  to  increased  speed  and  higher  pressure, 
consequently  giving  greater  power  under  the  same  dimensions,  we  shall  only 
err  on  the  right  side  by  adopting  3  as  a  round  number,  instead  of  2*7,  for 
the  co-efficient  in  the  expression  for  the  horse-power  of  this  engine;  whilst  it  is 
certain  that  the  progress  of  improvement  must  eventually  extend  the  valne  of 
c  to  4,  —5,  or  even  to  6. 

Example  1 . — Required  the  dimensions  of  the  tubes  and  fire-box  of  a  locomotive 
boiler  of  78  horse-power  ? 

The  first  thing  is  to  fix  upon  as  large  a  fire-grate  and  horizontal  area  of  fire-box  as 
the  gauge  of  the  rails  will  permit,  which  we  may  suppose  to  be  the  same  as  in  the 
last  example,  =»  104  square  feet,  which  will  also  be  the  area  of  the  top  sur&ce  of  the 
fire-box.  Now  we  want  as  many  square  feet  of  effective  radiant  surfiice  in  the  fire- 
box as  is  equal  to  the  given  power  divided  by  the  co-efficient  3,  or  78  •-  8  =  26 ; 
and  this  26  feet  (  =  R)  must  be  made  up  as  follows  :— 

Sqxiarc  foot  of  Sqairc  feet  of 

effective  Burfaco.  sido  surface. 

Double  the  top  surface  =  10^x2      •    •     .     =21  containing    .     •10} 

Half  the  remaining  side  surface  to  make  up  26  ==    5  requiring      .     .     10 

26  20i 

And  the  total  heating  surface  of  the  fire-box  will  therefore  consist  of  20}  square 
feet  of  side  added  to  10^  of  top  surfiice,  =  31  square  feet^  of  which  only  26  is  eon- 
sidered  effective. 

Then  we  have  only  to  take  a  corresponding  number  of  square  yards  (=  26) 
of  effective  tube  surfiice  to  complete  the  boiler.  This  may  be  done  variously ;  bnt 
supposing  it  to  be  distributed  amongst  124  tubes  of  If  inch  diameter  =  16'79  feet^ 

collectively  =  d  ;  and  since  S  =  26  =1^,    therefore   L  =  ^lS^57_x_26  ^   g.^ 

5*7  d         16*79 

feet  will  be  the  length  of  the  tubes  which  will  regulate  the  length  of  the  cylindrical 

part  of  the  boiler. 
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27.  Should  it  be  oonsidered  that  economy  of  fael  is  not  required  to  be  carried  to 
80  great  an  extent  as  the  length  of  tnbe  found  in  the  above  example  would  seem  to 
indicate,  or  that  a  leas  proportion  of  tube  to  fire-box  surfiice  than  9  to  1  is  sufficient^ 
^— and  that  for  this  or  for  any  other  reason  the  length  of  tube  adopted  in  Mr.  Stephen- 
8on*8  engine  is  preferred,  namely,  7  feet  9  inches  instead  of  8  feet  9  inches, — wo 
shall  now  see  how  much  additional  surface  will  be  required  in  the  fire-box,  in  order 
to  admit  of  the  tubes  (and  consequently  the  boiler)  thus  being  made  one  fbot  shorter 
without  any  loss  of  power. 

Example  2. — Bequired  the  dimensions  of  the  fire-box  of  a  looomotiTO  engine  of 
78  horse-power,  the  length  of  the  tubes  being  fixed  at  7  feet  9  inches  ? 

Here,  as  in  the  last  example,  it  may  be  granted  that  the  number  of  tubes  (=124) 
and  their  diameter  (1^  inch)  are  also  fixed, — because,  in  fact,  they  require  to  be 
determined  from  entirely  diflferent  considerations,  namely,  wcifjht  and  strength  of  the 
parts,  subjects  that  could  not  be  entered  upon  within  the  limits  of  this  article, 
inyolying  as  they  do  those  of  collisions  and  explosions. 

"VVo  have  d=  16*79  feet  =  the  coUectiTe  diameters  of  "all  tho  tubes,  as  before  ; 

16*79  X   7*75 
and  S  = =  22*8  square  yards,  the  same  as  in  the  first  example,  which 

with  a  fire-box  containing  a  corresponding  number  of  square  feet  of  effective  radiant 
surface,  or  R  =  22*8,  would  only  make  the  boiler  equal  to  22*8  x  3  =  68*4  (  =  P) 
horse-power. 
But  we  require  the  value  of  B  when  P  =  78. 

Therefore  (by  Art.  24)  we  have  P  =  c  VR  S. 

Whence  E  =  *—=  26'  -^  22*8  =  29*6  square  feet  for  tho  effective  radiant  surface 
S 

of  the  fire-box. 
Arranging  this  precisely  in  the  same  manner  as  in  the  last  example, — 

Square  feet  of  Square  feet  of 

effective  suifacc.  Bide  surface. 

Double  the  top  surface  lOJ  x  2     •    •     •     .      =21      containbg  .     10*5 

Half  tho'remaining  side  surface  to  make  up  29*6=    8*6  requiring     •     17*2 


29*6  27-7 

Hence  it  appears  that  tho  total  area  of  the  internal  surface  of  the  fire-box  consists 
of  27*7  square  feet  of  side  surface  +  10}  of  top  surfftoe,  making  88*2  square  feet»  of 
which  only  29*6,  or  77  per  cent.,  is  really  effective. 

And  taking  the  average  perimeter  of  the  radiant  surface  at  12  feetj  it  gives  27*7-7- 
12  =  2*3  feet  for  the  effective  depth  of  the  internal  fire-box. 

28.  The  most  direct  rules  in  words,  derived  from  a  consideration  of  the  foregcnng 
and  simplified  as  much  as  possible,  are  as  follow : — 

Rule  1. — To  find  the  dimensions  of  the  fire-hox, — Take  one-third  of  the  given  horse- 
power for  the  effective  radiant  surface  in  square  feet,  calling  it  R,  and  also  one-fourth 
of  R  for  the  top  surfiBuie  of  the  fire-box  :  then  take  five  times  the  top  surface  for  the 
mde  surface,  which,  divided  by  the  horizontal  perimeter,  gives  the  depth  of  the 
fire-box. 

Rule  2. — To  find  the  effective  tvhe  surface  and  length  of  boiler. — ^Take  one-third  of 
the  given  horse  power  for  the  effective  communicative  heating  surface  in  square  yards, 
calling  it  S.  Multiply  S  by  5  '7,  which  gives  the  longitudinal  sectional  area  of  all  the 
tubes  in  square  feet ;  and  this  area,  divided  by  tho  collective  diameters  of  all  tho 
tubes  in  feet,  ^ves  the  length  of  the  tubes,  and  the  length  of  the  cylindrical  part  of 
the  boiler  is  nearly  the  same. 
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RhI<  3.. — Tojtttd  the  horie-potca-  of  a  loeomollre  loHtr. — Multiply  lie  Dombcr  of 
»]U4re  feet  of  effectiTe  radiant  heiting  BurfnM  ia  the  fire-l)oi  by  llie  nnmlMr  of 
sqaare  jaids  of  eSectlTe  eommanieatite  beating  Buface  in  the  tabea  (this  number 
not  being  greater  than  the  former  nor  teaa  than  1),  and  eztract  the  aqukTa  root  «f 
the  product :  this  root,  mnltipiieJ  hy  the  coutant  niunber  3,  will  S'^*  the  hont- 
power  of  the  boiler  required, 

20.  Enowiog  the  vide  ext«DsiDn  of  a  little  pTBcUeol  knovledge  of  meh  nutten 
amonggt  (be  gnat  mass  of  oar  operatiTS  engineers  to  be  of  more  importanca  tbao 
greater  refinemeDts  of  calculation  confined  to  a  fe",  the  principal  roles  gireii  shore 
are  eoaTcrtcd  to  a  abape  suitable  fur  the  ilidc-tale,  especially  for  thdr  use  ;  bat  it 
shoold  be  obserred,  that  when  Hawthorn's  ilide-rale  is  naed,  the  alider  requires  to 
be  rcTeraed  aa  follows  : 

Ko,  1. 

A  I  Diameters  of  n'f  the  tubes  infected.  I  5'7=ennstan(  nnmher  or  gangs  point. 

0  I  Ijcogth  of  each  (abe  in  feet  .     =^  L.  |     &  =  tScctiTC  tnbe  aniface  in  square  yanli. 

So.  2. 

A  [  .)  the  horse-iiower  P.  |  R  —  lire-box  sarTaee  in  square  feet. 

0  ]  j  the  horee-poifcr  1'.  |  H— tuiic  aurfsce  in  squAro  yards. 


STOCKADE.— Storfiid^,  or  Sloecade,  is  the 


Slockgde 


me  giTen  toft  cioae  barricade  of 
cr,  for  iQliencbineiits  or  redoubts. 
Tlic  Pah  of  the  New  Zeabmdeis,  and 
Falanque  of  the  Turks  are  examples 
of  closed  Etocbiules ;  and  the  drawings 
to  the  article  'Petard'  give  seTeral 
forms  of  conetmctioB.  The  huricade 
may  be  cither  of  square  timber,  mus- 
ket-proof, or  of  trees  with  two  ndea 
amoolbed  off  with  ao  axe,  to  make 
them  meet,  haling  small  loophole* 
cut  at  the  junction  ;  and  the  stockade 
ought  to  be  BO  atrong  oa  to  reiiit  b«> 
mg  forccdi  eicept  by  artillery  or  by 
bags  of  gunpowder.  This  last  mode  of 
dcstniction  may  be  ptiTented  by  gii- 
iDg  the  sCocLsde  proper  mnsketiy  Bank 
defence  To  make  this  species  of  bar- 
rii^dc  Bcenre,  the  timber  should  be 
Bunk  into  the  ground  one-third  of  its 
whole  length 


One  objection  to  BlookadeB  for  intrenching  poets  and  for^Ged  places  is  th^ 
liability  to  destruction  by  artiilery  before  thEy  are  reqaired  :  this  might  be  obviated 
in  permanent  worki  aa  re^rdB  the  intrenchment  of  the  Te-eiUeriag  flaet  ofarmt  of 
the  covert  way  or  ntTelin,  or  gorge  of  a  tcork,  by  haTJog  narrow  ditches  or  dykes,  12 
or  14  inchea  wide  and  4  feet  deep,  previoualy  prepared  iu  masonry,  and  coTered  orer 
with  slabs  of  atone  until  wasted.  When  an  aasanlt  waa  apprehended,  the  timber  for 
a  stockade,  kept  on  purpose  in  store,  might  be  let  into  these  crevice^  and  well  wedged 
together, — a  work,  thus  prepared,  of  a  few  hours,  as  explained  in  the  preceding 
diagram.  Q.  Q.  L. 
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STREET  FIGHTING.^ 

ON    THE   ATTACK   AND    D£FENCE    OF   OPEN   TOWNS,   AND   STREET 

FIGHTING. 

Notwithstanding  the  Tory  frequent  snocess  attending  the  defence  of  towns  or  streets 
by  armed  bouies,  against  even  considerable  forces  of  good  troops,  and  the  tremendous 
results  occasionally  arising  from  such  resistance,  no  attempt  seems  to  have  ever 
hitherto  been  made  to  analyze  the  actual  relative  power  of  the  two  parties  attacking 
and  defending,  or  to  ascertain  whether  the  advantages  so  often  gained  by  the  latter 
are  precisely  due  to  their  real  p^wer,  or  ftiight  not  be  counteracted  under  proper  prin- 
ciples adopted  for  the  attack. 

In  an  enemy's  country  the  case  is  much  simplified  :  a  town  so  occupied  is  all  inimical 
and  under  the  most  desperate  state  of  opposition  ;  consequently  in  the  attack  there  is 
no  respect  to  person  or  property.  If  the  houses  are  combustible,  a  ready  means  of 
subduing  the  place  is  within  reach  ;  and  if  not,  it  is  forced  in  different  directions  by 
siege  operations,  as  practised  by  the  French  at  Saragossa. 

On  occasion  of  internal  dissensions  and  insurrectionary  movements,  the  case  is 
different ;  the  efforts  of  the  troops  and  of  the  well-disposed  citizens  are  greatly 
impeded  by  the  difficulty  of  distinguishing  between  friend  and  foe,  or  of  the  premises 
or  property  with  which  it  may  be  justifiable  to  interfere.  This,  and  the  very  natural 
and  proper  anxiety  to  avoid  bloodshed  and  injury  to  one's  own  countrymen,  fre- 
quently leads  to  a  habit  of  temporizing  with  the  circumstances,  and  by  this  indication 
of  timidity  and  weakness  gives  such  confidence  to  the  rebels  as  to  enable  them,  and 
perhaps  with  comparatively  insignificant  numbers,  to  gain  in  moral  effect  as  the 
others  lose  :  by  degrees  the  wavering  and  the  timid  are  led  to  join  them  ;  the  troops 
themselves  imagine  that  there  is  a  declared  power  manifested  that  is  not  to  be 
opposed,  and  thus  the  former  obtain  a  complete  ascendancy,  which  the  exertion  of 
more  firmness  and  system  at  first  would  effectually  have  prevented. 

The  most  arduous  and  difficult  task  for  a  British  soldier  is,  when  he  is  called  upon 
to  oppose  tumults  and  insurrection.  It  is  difficult  for  him  and  his  Commanding 
Officer  to  know  what  is  the  extent  of  evil,  provocation,  or  injury  that  will  justify  him 
in  acting  with  vigour ;  and  this  feeling  is  increased  by  finding  women,  children,  and 
many  men  who  do  not  appear  to  participate  in  the  violence,  mixed  up  with  his 
opponents,  until  by  degrees  he  becomes  surrounded  and  overcome  by  a  mass  which 
he  could  readily  have  subdued  if  allowed  to  act  at  the  commencement ;  or  even  if  not 
subjected  to  so  great  a  disaster,  by  this  temporizing  in  the  first  instance  the  move- 
ment gains  a  great  deal,  the  troops  in  force  are  obliged  to  act  with  determination, 
and  a  vast  number  of  lives  are  lost  that  would  have  been  spared  by  a  more  early  exer- 
tion of  energy. 

The  best  institutions  of  any  country  become  endangered  by  such  a  state  of  things  ; 
but  a  remedy  may  be  found  in  a  more  systematic  manner  of  proceeding. 

The  troops  should  never  be  brought  into  the  presence  of  the  insurrectionists  until 
fully  authorized  to  act, — the  consequence  would  be  that  the  very  appearance  of  the 
soldiers  would  be  a  warning  to  every  one  of  the  immediate  consequences  of  prolonged 
opposition,  which  would  prevent  further  conflict,  or  make  it  very  short. 

The  strength  and  organization  of  the  police  in  all  large  towns  in  England  now  will 
enable  this  principle  to  be  adopted,  while  it  could  hardly  have  been  done  formerly. 

*  By  General  Sir  John  F.  Burgoyne,  Bart,  G.  C.  B.  and  R.  £. 
TOL.  III.  P  P 
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When  the  magistrates  find  that  the  efforts  of  the  police  arc  insufficient  to  establish 
order,  the  Riot  Act  should  be  read,  and  the  troops  then,  and  not  till  then,  be  brought 
into  action  :  they  would  thus  be  awaro  of  their  authority  to  proceed  without 
hesitation,  and  with  decision  and  effect. 

In  order  to  promote  the  power  of  vigorous  action  by  the  military,  and  tc»  prevent 
the  innocent  from  suffering,  the  most  solemn  warning  should  be  issued  in  case  of 
tumult,  agiiinbt  the  presence  in  the  streets  of  women,  children,  and  persons  who  do 
rot  join  in  the  troubles,  intimating  that  the  consequences  of  any  bad  result  from 
their  being  thus  incautiously  exposed  must  rest  on  themselves.  These  are  necessary 
X^rcliminaries  to  the  consideration  of  the  means  of  attacking  an  insurrectionary  force. 

When  disturbances  are  to  be  quelled  in  a  town,  cavalry,  artillery,  and  infantry  can 
act  with  full  effect,  and  with  every  advanta^  of  organizationi  so  long  as  their  oppo- 
nents occupy  the  open  streets.  If  barricades  are  constructed  acroes  them,  the  cavalry 
become  unserviceable  ;  the  infantry,  however,  have  still  fall  force, — for  one  side  of  an 
ordinary  barricade  is  as  good  as  the  other, — and  the  infantry  can  cross  any  of  theia 
without  difficulty. 

But  when,  in  addition  to  barricades,  the  armed  populace  occupy  the  houses,  and 
fire  and  thruw  down  missiles  on  the  troops,  the  columns  of  the  infantry  also  become 
I)ar.ilyzcd  and  comparatively  helpless,  and  after  losing  many  men,  they  have  usually 
l)cen  repulsed  ; — a  discomfiture  arising  more  from  a  want  of  system  and  of  due 
preparation  against  such  a  defence,  than  from  the  inherent  power  of  the  insurgents. 

Should  the  circumstances  as  above  described  impede  the  operation  of  cavalry  or 
infantry,  they  should  be  respectively  withdrawn  from  the  direct  attack,  care  being 
iiikcn  that  this  should  not  give  any  impression  of  dtfeat^  which  may  be  done  by 
preparing  the  mind  of  the  soldier,  through  instructions  to  the  Officerajy  that  such 
would  be  the  course  of  pi-oceeding. 

When  it  is  found  that  the  insurgents  have  had  recourse  to  the  most  determined 
means  of  resistance,  by  occupying  the  interior  of  houses  in  support  of  barricades,  the 
mode  of  attack  must  be  adapted  to  the  circumstances. 

The  operation  should  be  conducted  under  due  deliberation,  nor  would  any  triumph 
be  conceded  by  a  moderate  pause. 

It  will  be  readily  ascertained  what  part  or  parts  of  the  town  are  so  occupied  as  to 
render  the  movement  of  the  troops  through  the  open  streets  unadvisablc. 

An  endeavour  should  be  made  to  isolate  those  portions  by  detachments  of  troops 
posted  at  all  the  approaches  to  them.  This  of  itself  would  throw  the  rioters  into  a 
most  uncomfortable  and  false  position  :  they  would  find  themselves  shut  up  without 
any  internal  organization  to  enable  them  to  act  to  any  useful  purpose,  or  to  make  any 
combined  forcible  effort  for  their  release  ;— or,  indeed,  if  they  could  do  so,  it  would 
have  all  the  effect  of  an  escape  instead  of  a  victory. 

Nor  would  it  be  necessary,  under  such  circumstances,  that  these  detachments 
should  be  at  all  large,  numbei's  of  them  being  supported  by  some  general  reserve.* 

Active  measures,  however,  might  at  the  same  time  be  carried  on  against  any  por- 
tions of  the  houses  that  it  may  bo  considered  advisable  to  force,  for  the  purpose  of 
confining  the  resistance  within  narrower  limits,  or  for  subduing  it  at  once  altogether 


*  At  Berlin,  General  8cbreckcnst<:ln,  in  answer  to  a  deputation  who  came  to  remonstrate 
against  bis  proceedings  to  oppose  the  i)opular  demonstrations,  is  said  to  have  stated,  that  ho 
would  toll  them  candidly,  that  in  the  event  of  timiult  or  attempt  to  mibvert  existing  iustitu- 
tiona,  his  plan  was  to  withdraw  every  soldier  from  the  town,  invest  the  gates,  patrul  round 
the  wallH,  shut  them  up  within,  and  leave  them  to  cixjoy  the  effects  of  their  mlsule  and  mis- 
condiict ;  that  ho  would  not  compromise  a  sbigle  life  by  street  combat ;  but  if  a  man  among 
them  showed  himself  armed  outside,  that  he  might  bowaro  of  the  cimsequeinoes. 
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and  these  should  be  oondacied  on  engineering  principles,  and  by  Officers  of  Engineers 
and  Sappers,  where  they  are  available. 

Although  in  towns  the  attack  of  a  mass  of  honses  is  formidable  and  almost 
impracticable  to  troops  unprepared  for  such  an  operation,  it  will  not  present  mudi 
difficulty  to  a  systematic  proceeding. 

One  great  defect  for  defence  in  a  house  or  street  is  its  want  of  a  flanking  fire, 
although  every  part  may  obtain  a  support  from  the  opposite  houses  in  the  same  street. 
If  therefore  only  one  side  of  the  street  is  occupied,  individuals  or  parties  moving 
close  along  that  side  are  in  security,  except  from  the  chance  missiles  that  may  be 
blindly  thrown  down  from  the  windows. 

Nothing  of  that  kind  could  prevent  two  or  three  Sappers,  under  cover  of  a 
partial  fire  on  the  windows,  from  passing  up  and  breaking  open  the  doors  ;  by  which 
means,  the  troops  being  admitted,  possession  of  the  entire  building  would  soon  be 
obt&ined. 

When,  however,  from  any  peculiarity  of  the  building,  or  of  others  contiguous,  or 
from  the  circumstance  of  both  sides  of  tbe  street  being  occupied  in  force,  such  a 
mode  of  proceeding  would  be  too  hazardous,  the  Sappers  might  make  an  entrance 
into  tbe  nearest  available  house  in  the  same  block  of  buildings,  and,  supported  by 
detachments  of  the  Line,  work  their  way  through  the  partition  walls,  from  one  house 
to  another ;  or  by  the  roofs  of  the  back  premises,  where  the  defenders  will  be  quite 
unprepared  to  oppose  them,  or,  if  they  made  the  attempt,  would  not  have  the  same 
advantages  as  in  front :  small  parties,  if  necessary,  keeping  up  a  fire  on  the  windows 
from  the  walls  of  the  back  yards,  or  from  the  opposite  houses,  would  efifectually  cover 
these  advances  of  the  Sappers. 

To  carry  on  such  approaches,  the  Sappers  should  be  provided  with  an  assortment 
of  crowbars,  sledge-hammers,  short  ladders,  and,  above  all,  some  bags  of  powder.* 

In  these  desultory  operations  in  the  defiles  of  streets  and  houses,  the  troops  should 
not  be  in  heavy  columns,  but  in  small  detachments  well  supported  ;  and  by  acting 
thus  in  order,  and  on  system,  the  e£fect  will  be  the  more  certain,  as  a  popular  move> 
ment  is,  necessarily,  without  subordination  or  unity  of  action,  and  peculiarly  subject 
to  panics  at  any  proceeding  dififering  from  what  had  been  anticipated. 

The  events  in  Paris,  in  June,  1848,  and  the  mode  adopted  for  the  attacks  on 
the  barricades  there,  by  an  army  of  acknowledged  skill  and  prowess,  would  seem  to 
oppose  the  soundness  of  the  principles  here  laid  down  :  we  cannot,  however,  abandon 
them,  but  must  suppose  either  that  the  Generals;  under  too  great  a  contempt  of  their 
opponents,  acted  upon  the  old  impetuous  system  of  a  direct  assault,  on  what,  under 
the  circumstances,  were  well-devised  and  most  formidable  retrenchments, — from  not 
taking  the  trouble  to  consider  whether  a  more  judicious  professional  proceeding,  and 
more  certain  in  its  result,  might  not  have  been  adopted, — or  were  impelled  by  other 
causes  with  which  we  are  not  acquainted ;  for  it  appears  almost  incredible  that  an 
immense  force  of  organized  troops,  even  numerically  superior  to  the  insurrectionists, 
should  have,  for  some  days,  to  caiTy  on  a  contest  against  them,  with  almost  doubtful 
success,  and  attended  with  such  prodigious  losses. 

We  are  consequently,  by  this  very  example,  rather  the  more  inclined  to  maintain 
that  in  the  attack  of  streets  defended  by  good  and  well-supported  barricades,  it  is 
most  injudicious  and  dangerous  thus  to  take  the  bull  by  the  horns. 

The  defence  of  towns,  either  without  fortifications,  or  independent  of  them,  is 


*  Not  less  than  6  or  0  lbs.  of  powder  wiU  be  required  to  break  into  strong  doors  well  barred- 

FP2 
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usually  only  uiidcrtakeu  by  a  populatioD,  or  by  troops  essentially  irregulars,  in  order 
to  make  up  by  numbers,  and  the  intricacies  of  position,  for  the  disadvantage  of 
inferiority  in  arms,  appointments,  and  organization,  which  renders  them  unequal  to 
cope  with  their  enemy  in  the  open  field. 

It  is  seldom  that  cffectiyc  troops  can  be  spared  for  this  service  ;  but  officers,  and 
especially  officers  of  Engineers,  may  be  required  to  regulate  such  a  defence. 

When  an  enemy's  army  is  in  a  country,  it  will  hardly  be  practicable  to  defend 
against  it  with  any  obstinacy  a  town  the  houses  of  which  are  combustible, — the 
attempt  in  such  a  case  would  bo  to  occupy  only  some  particularly  strong  public 
buildings  or  churches,  when  circumstances  n^y  shew  it  to  be  advantageous  to  do  so, 
in  order  to  command  a  bridge,  or  defile,  or  to  occupy  some  distinct  point. 

The  object  then,  however,  partakes  of  the  nature  of  the  defence  of  single  posts, 
and  not  of  streets,  or  of  a  town  generally. 

When  towns  consist  of  strong-built  large  stone  houses,  with  massive  doors,  and 
iron  bars  covering  the  lower  windows,  as  arc  common  in  the  South  of  Europe  and 
some  other  countries,  they  are  cajMiblc  of  great  defence  :  traverses  may  be  thrown 
across  the  streets,  flanked  by  the  houses ;  all  openings  to  the  front  may  be  substan- 
tially barricaded,  loopholes  prepared  in  the  most  appropriate  situations,  and  commu- 
nications made  through  the  premises  in  the  rear  for  support  or  retreat :  care  being  at 
the  same  time  taken  that  this  general  defence  cannot  be  turned, — it  is  only  to  be 
overcome  by  breaching,  and  more  or  less  of  a  siege  operation. 

The  strength  of  such  a  resource,  however,  is  not  limited  only  to  that  of  the  single 
covering  above  described  ;  but  the  preparations  may  embrace  the  successive  defence  of 
house  after  house,  or  at  least  be  so  arranged  that  every  line  penetrated  shall  give  the 
attacking  party  possession  only  of  a  certain  given  small  portion  of  the  town,  leaving 
them  not  only  the  same  difficulties  to  overcome  in  front,  but  perhaps  also  a  oontinned 
occupation  on  their  flanks. 

This  was  the  manner  in  which  the  Spanish  forces  under  Palafox,  in  1808  and  1809, 
incompetent  to  resist  in  the  field  the  superiorly  organized  French  army,  were  enabled, 
combined  with  the  population,  to  make  such  a  prolonged  defence  in  Saragossa  after 
the  fortifications  had  been  reduced. 

A  striking  instance  of  the  advantages  that  may  be  derived  from  the  preparation  of 
houses  in  streets  in  such  towns,  is  afforded  in  the  defence  of  Tarifa  by  the  British  in 
December,  1811.  A  week  or  ten  days  were  sufficient  for  the  French  to  lodge  them- 
selves within  a  few  hundred  yards -of  the  place,  and  to  open  a  practicable  breach 
in  the  old  wall,  which  was  the  only  cover.  During  that  time,  however,  the  late 
Lieut. -General  Sir  C.  F.  Smith,  then  Commanding  Engineer,  was  enabled  rapidly  to 
form  an  interior  hold  or  intrenchment  by  barricading  the  streets,  closing  all  accessible 
oi>enings  of  the  houses  to  the  front,  and  preparing  loopholes  in  the  most  advantageous 
places,  so  that  he  could  state  emphatically  that  the  place  was  then  stronger  than 
before  it  was  breached  ;  and  his  confidence  was  proved  to  bo  so  far  well  judged,  that 
the  storming  parties  were  completely  repulsed,  and  the  siege  raised. 

These,  however,  are  the  proceedings  of  regular  troops,  conducted  under  all  the 
principles  of  the  Art  of  War  ;  the  considerations  for  the  attack  and  defence  are  essen- 
tially to  be  founded  on  those  which  regulate  sieges  and  the  defence  of  fortresses. 

Lodgments  must  be  made,  and  the  further  progress  will  be  effected  by  the  mine 
and  other  operations,  which  it  is  not  the  intention  to  describe  in  this  article. 

There  is,  however,  a  consideration  to  be  given  to  the  necessity  for  the  defence  of 
towns,  or  premises  within  them,  arising  from  the  effects  of  popular  tumults  or  insur- 
rectionary movements,  totally  distinct  from  the  above. 
Very  great  results  have  been  produced  from  such  affairs,  which,  notwithtt^nding 
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tbeir  importaDcei  have,  in  many  instances,  it  is  submitted,  been  conducted  with  great 
want  of  judgment. 

It  becomes,  therefore,  a  subject  of  interest  to  consider  what  principles  can  be 
applied  to  proceedings  of  this  nature. 

It  is  not  the  part  of  any  officer  of  Her  Majesty's  Service  to  ofifer  suggestions  or 
instructions  that  would  guide  insurrectionists  as  to  the  best  mode  of  occupying  and 
making  use  of  streets  and  houses  to  resist  the  constituted  authorities. 

We  pass,  therefore,  in  our  consideration  of  the  subject  of  defence,  to  the  objects  for 
which  a  government  wUl  itself  require  protection  from  mobs  or  insurgents. 

These  will  consist  of  the  public  offices,  palaces,  and  great  leading  establishments, 
liable  to  attack,  either  for  the  purpose  of  embarrassing  the  government  or  for  plunder 
as  well  as  any  particular  posts  of  defensive  military  importance,  such  as  bridges,  or 
other  points  affording  the  command  of  great  communications. 

The  leading  principles  to  be  adopted  for  the  protection  of  these  premises  will  be, — 

I.  To  insulate  them,  or  such  masses  of  them  as  are  to  be  held,  as  much  as  possible 
from  connection  with  other  buildings. 

Where  this  cannot  be  entirely  accomplished,  means  must  be  prepared  for  securing 
an  entry,  and  for  turning  the  rebels  at  once  out  of  such  adjoining  buildings  as  they 
may  attempt  to  occupy  for  the  purpose  of  aunoyance,  and  if  they  afford  any 
advantages,  to  connect  them  with  the  defence  of  the  main  buildings. 

Premises  that  are  not  absolutely  contiguous  may  present  windows  or  roofs  capable 
of  greatly  annoying  the  defence  :  means  must  be  especially  prepared,  if  possible,  for 
driving  out  any  adverse  force  that  might  occupy  them  ;  but  if  that  cannot  be  done, 
in  consequence  of  the  difficulty  of  penetrating  through  the  intervening  space,  or  from 
any  other  reason,  the  prepared  cover  and  protection  must  be  adapted  to  reduce  that 
inconvenience  as  much  as  possible. 

II.  Block  up  substantially  all  accessible  openings  from  the  streets  that  may  not  be 
immediately  required,  and  apply  musket-proof  doors  to  those  that  must  be  maintained 
available  ;  and  if  there  may  be  a  selection,  let  these  be  in  parts  where  the  approach 
to  them  is  most  exposed  to  fire  from  the  building. 

III.  All  windows  within  tolerably  easy  reach  of  the  ground  to  be  secured  by  strong 
fixed  iron  bars  or  gratings. 

IV.  Wherever  the  parties  within  are  required  to  be  stationed  for  the  defence,  they 
should  be  covered  by  some  substance  to  act  as  a  breastwork,  that  will  resist  musket- 
shot,  having  merely  loopholes  before  them  for  their  own  use. 

This  cover  will  only  require  to  be  to  a  height  of  5  feet  10  inches  or  6  feet  above  the 
floor  on  which  they  stand,  consequently  hardly  so  high  as  the  top  of  the  lower  sash  of 
an  ordinary  window. 

Where  this  may  not  have  been  prepared,  and  it  is  necessary  to  resort  to  a  hasty 
defence,  the  upper  floor  of  the  building  may  be  occupied,  loopholing  the  floors,  and 
barricading  the  staircase  with  chairs,  tables,  &c.  At  the  sortie  of  the  French  at 
Bayonne,  in  1819,  a  Captain  Foster  with  a  few  men  occupied  the  upper  floor  of 
a  house  at  the  advanced  post,  and  defended  themselves  against  repeated  attacks 
until  the  sortie  was  over,  when  they  were  relieved. 

Even  a  blind  or  curtain  drawn  before  a  window  is  of  service,  as  the  assailants 
cannot  see  when  there  is  any  one  behind  it,  by  which  to  be  guided  when  and  where 
to  direct  their  fire,  while  those  within  can  take  their  shots  from  time  to  time,  and 
instantly  retire. 

On  the  floors  also,  above  the  level  of  the  streets,  even  without  preparation,  men 
will  not  be  seen  from  the  street  when  a  little  retired  from  the  window,  from  which 
they  can  fire  in  a  stooping  posture,  and  then  drop  behind  the  window-sill. 
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V.  Obtain  as  mucli  as  possible  on  every  side  a  defence  by  k  flanking  fire.  Thia  is 
of  the  greatest  importance — one  loophole  that  flanJi^  a  line  may  bo  worth  twenty 
direct  from  it. 

To  an  assailant  it  is  the  most  discouraging  opposition  that  can  be  aflforded  ;  every 
spot  being  seen  from  the  flanks,  there  is  less  uncertainty  and  liability  to  false  alarms 
as  to  the  operation  of  the  attack,  the  fire  will  be  deliberate,  thus  economizing  the 
ammunition,    and    finally  much  fewer  men  might  effectually  defend  premises  so 

prepared. 

Flanks  are  more  particularly  necessary  to  command  the  entrances  than  for  other 
parts,  or,  as  a  substitute,  a  machicoulis  is  the  next  best  precaution. 

It  is  to  be  observed  that  where  it  may  not  be  practicable  ti>  establish  more  than 
even  a  single  loophole,  the  fire  from  it  may  be  constant,  and  very  heavy,  by  applying 
to  it  several  men  and  muskets. 

Yi.  A  perfectly  free,  light,  ample,  and  secure  communicati(m  should  be  established 
all  through  the  premises  that  are  under  one  arrangement  within  the  enclosure,  so 
that  every  post  can  be  visited,  reinforced,  or  supplied  with  anything  noedfuL 

This  requires  little  or  no  consideration  in  the  case  of  an  ordinary  single  building, 
but  will  need  preparation  in  extensive  premises  consisting  of  a  complicated  mass  of 
buildings,  with  perhaps  open  courts,  out-houses,  &c. 

VII.  If  the  establishment  to  be  protected  is  within  a  city,  and  surrounded  by 
streets  and  houses,  it  will  be  a  primai7  consideration  how  it  is  to  be  relieved  or  witli* 
dniwn,  or  how  it  may  be  practicable  to  secure  communication  with  it  when  neces- 
sary  ;  for  posts  may  be  exceedingly  strong  for  self-defence,  and  yet  be  in  danger  of 
being  isolated  and  cut  off  by  a  formidable  insurrection. 

This  was  the  source  of  the  principal  amount  of  disaster  at  Buenos  Ayres,  in  the 
year  1807;  the  British  troops  obtained  possession  of  the  different  strong  buildings 
thought  necessary,  in  which  they  could  defend  themselves  well ;  but  the  natives 
having  occupied  the  adjoining  buildings  and  streets,  these  troops  could  neither  retire 
nor  obtain  support,  and  were  consequently  obliged  to  surrender. 

VIII.  The  nature  of  the  roofs  must  be  considered,  for  it  may  be  possible  by  tbcni 
to  obtain  many  advantages  : 

1.  As  situations  for  defence,  giving  great  command,  and  flanking  points. 

2.  Also  they  may  afford  means  of  offence  by  a  ready  and  easy  way  for  penetrating 
into  adjoining  buildings. 

3.  For  lines  of  communication. 

To  render  them  capable,  however,  of  these  services,  the  parapet  walls  most  bo  high 
enough  to  cover  the  men  behind  them. 

The  roois  may  also  require  attention  from  the  circumstance  of  their  presenting  a 
direction  from  whence  an  attack  may  be  made  on  the  garrison. 

General  Observations  and  ArrangemenU. 

The  best  precautions  the  premises  will  afford  must  be  taken  against  their  catching 
fire  :  a  free  communication  and  constant  observation,  with  tubs  or  even  jugs  of  water 
about  the  house,  will  most  probably  afford  means,  by  very  early  application,  for  extin- 
guishing any  symptoms  that  mi^ht  appear. 

Besides  the  posts  allotted  to  the  respective  parts  for  defence,  there  will,  of  course, 
be  a  reserve  selected  from  the  best  of  the  garrison  to  reinforce  or  support  any  point ; 
and  should  the  enclosure  be  penetrated,  the  entrance  would  be  only  by  a  narrow 
opening,  or  defile,  where  this  reserve  would  be  able  to  attack  the  assailants  to  great 
advantage. 

Attempts  will  hardly  be  made  to  enter  the  pivmises  by  any  other  couxBe  than  tho 
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doors  or  any  very  low  and  accessible  windows ;  it  is  therefore  to  tliem  that  the  prin- 
ciple resources  for  obstmction  and  defence  will  naturally  be  applied.  On  this  account 
even  a  short  preparation  may  afford  a  considerable  power  of  resistance. 

Bars  and  struts  may  be  applied  that  will  render  it  very  difficult  to  force  them  by 
ordinary  means. 

If  not  rifle- ball  proof,*  which  they  never  arc,  except  where  expressly  made  to  bo 
so  for  defence,  the  defenders  may  fire  direct  through  them  at  persons  attempting  to 
force  an  entrance ;  and  this  would  have  the  greater  effect,  as  it  would,  no  doubt,  be 
unexpected. 

Whenever  a  party  have  to  shut  themselves  up  for  protection,  it  is  most  desirable 
that  they  sbould  have  plenty  of  provisions  for  the  most  extreme  emergency  that  can 
arrive,  so  as  not  to  require  to  open  a  communication  to  the  exterior  solely  to  obtain 
food,  or  to  be  without  it  for  a  single  meal.  A  few  bags  of  biscuit  and  some  salt  meat 
afford  the  most  perfect  resource,  but  fresh  bread  and  meat  will  suffice  for  most  ordi- 
nary occasions. 

Whatever  provision,  however,  may  be  made  for  food,  it  is  indispensable  to  provide 
plenty  of  water  to  drink. 

A  very  important  precaution  is,  not  to  toasle  ammunition  ;  let  the  use  of  it  be  con- 
fined to  what  is  really  and  absolutely  required,  and  let  it  be  applied  only  where  it  can 
be  effective. 

Many  a  detachment  or  post  has  been  driven  to  the  greatest  extremities  for  want  of 
this  precaution,  and  even  when  the  inconvenience  has  arisen  from  a  clearly  thought- 
less VKute  during  the  early  parts  of  the  contest. 

With  regard  to  the  general  comprehensive  arrangements  for  the  protection  of 
public  establishments  in  a  city,  and  for  overcoming  insurrection,  it  should  be  borne 
in  mind  that  regular  troops  are  most  favourably  circumstanced  when  enabled  to  act 
in  masses  and  in  the  open  field,  and  consequently  have  relatively  the  least  advantage 
when  shut  up  in  separate  detachments  and  posts,— and  more  particularly  when  those 
posts  are  within  towns.  Under  the  circumstances  we  are  contemplating,  they  must 
be  very  much  so  distributed,  but  it  should  be  in  as  little  a  degree  as  possible,  con- 
sistent with  the  security  that  it  is  absolately  necessary  to  give  to  the  different 
sitaations. 

Thus  as  many  irregulars  as  possible,  public  servants,  and  well-disposed  inhabitants, 
&c.,  should  be  armed  and  organized  :  these  may  be  very  effective  behind  the  walls,  if 
supported  by  a  small  detachment  of  the  troops. 

The  regular  forces  should  be  reduced  in  proportion  to  the  less  value  of  the  premises, 
or  the  comparative  improbability  of  their  being  attacked  ;  and,  above  all,  no  dis- 
persion of  the  troops  and  means  should  be  made  among  buildings  within  a  town 
either  for  the  sake  of  obtaining  cover,  of  under  the  idea  of  having  generally  a  force 
in  each  locality. 

The  best  course  is  to  occupy  only  the  points  that  are  absolutely  necessary,  either 
on  account  of  their  own  value,  or  for  some  military  advantage ;  to  engage  in  them 
the  smallest  number  of  troops  that  is  consistent  with  prudence,  and  to  have  all  the 
rest  of  the  regalar  forces  collected  round  the  skirts  of  the  town,  or  even  at  any  distance 
within  about  a  mile,  and  well  prepared  for  penetrating  in  any  direction,  and  in  par- 
ticular to  maintain  a  certain  communication  with  each  of  the  occupied  posts. 

Great  advantage  may  frequently  be  obtained  by  studying  the  situations  of  the  public 


*  To  afford  riflo-proof  cover  under  oloso  fire  will  roquiro  a  thickness  of  6  inches  of  solid  oak, 
15  inches  of  deal,  between  8-16ths  and  i  inch  of  homogeneous  iron  plate,  or  from  12  to  15  inches 
of  earth  in  sand-bags  in  proportion  as  it  is  loose  or  very  compact  and  solid.— JSUttor. 
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and  other  premises  requiring  protection,  with  a  view,  as  mnch  as  possible,  of  combining 
several  into  one  system,  by  establishing  free  and  secure  mutual  commuuication  with 
each  other,  and  from  one  common  centre  of  reserve. 

When  so  connected,  it  may  be  possible,  in  addition  to  other  advantage!,  to  cover 
openings  for  timely  sorties  by  the  defenders  on  the  flanks  of  the  assailants. 

However  improbable  may  be  the  chance  of  the  attack  of  public  premises,  it  vrill  bo 
advisable  not  to  lose  sight  of  any  of  the  above  measures  of  precaution  and  arrangement 
that  can  be  adopted  without  inconvenience  to  the  accommodation,  disfiguring  the 
architecture,  or  bearing  the  appearance  of  apprehension. 

If  attended  to,  everything  required  might  be  easily  applied  in  the  first  oonstmotion, 
and  very  much  even  subsequently. — J.  F.  B. 


SURVEYING.* 

TRIGONOMETRICAL   SURVEY. 

By  this  term  is  understood  a  survey  founded  on  a  regular  system  of  triangulationy 
whether  the  object  of  it  may  be  the  accurate  topographical  delineation  of  a  ooontj, 
province,  kingdom,  or  of  any  extensive  portion  of  the  earth*s  surface,  or  the  more 
philosophic  purpose  of  determining  the  lengths  of  arcs  of  great  circles  of  the  earth  in 
various  latitudes,  from  which  the  figure  of  the  earth  itself  may  be  deduced. 

Grand  trigonometrical  surveys  have,  since  the  vast  importance  of  accurate  maps  in 
forwarding  practical  sciences  has  become  acknowledged,  been  undertaken  in  India, 
America,  and  almost  all  the  principal  nations  of  Europe  ;  but  though  the  principle  of 
all  such  surveys,  whatever  may  be  their  comparative  magnitude,  must  be  the  same, 
the  details  of  execution  will  necessarily  vary  with  the  circumstances  of  the  country 
to  be  surveyed.  In  this  article  some  of  the  apparatus  and  arrangements  hitherto 
adopted,  especially  in  the  Survey  of  the  United  Kingdom,  will  be  described  ;  but  it 
must  Ix)  left  to  the  Engineer  to  select  the  particular  system  he  may  think  best  suited 
to  the  survey  he  is  called  upon  to  efiect,  and  to  adopt,  modify,  or  alter  the  apparatoa 
to  suit  the  special  circumstances.  In  all  such  works  he  will  readily  perceive  that  the 
extent  of  accuracy  which  the  operation  requires  must  materially  influence  him  in  the 
selection  both  of  instruments  and  of  system. 

Selection  of  ground  for  a  hase^  and  Jirti  considerations. — The  ground  selected 
should  be  as  nearly  level  as  possible.  The  soil  should  be  firm.  The  extremities  of 
the  base  should  command  a  view  of  as  many  accessible  elevated  points  as  are  necessary 
for  the  extension  of  the  survey. 

The  ends  of  the  base  ought  to  be  marked  In  a  very  accurate  and  permanent  manner, 
which  is  best  efifectcd  by  letting  into  a  bloc^  of  stone  set  firmlj  either  in  the  earth,  or 
in  masonry,  a  metal  wire,  on  the  upper  surface  of  which  the  precise  point  may  be 
marked  by  a  puncture  or  dot,  of  fineness  commensurate  with  the  accuracy  of  the 
measurement.  Old  guns  may  be  fixed  vertically,  to  mark  by  the  axes  of  their  bores 
the  ends  of  a  base.  Wooden  pipes  arc  objectionable,  because  they  decay  in  the  ground. 
Precautions  to  secure  the  marks  from  disturbance  should  not  be  neglected,  nor  the 
means  of  readily  detecting  such  disturbance,  should  it  have  taken  place. 

A  transit  instrument,  or  a  superior  theodolite,  will  be  necessary  for  arranging  all 
the  points  of  the  base  in  one  right  line. 

Spirit-levels  are  required  to  regulate  the  heights  of  the  ends  of  the  measuring 
apparatus. 


*  By  Liuut.-Cul.  llomley,  Royal  Engiuoers. 
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Tanta  for  the  pratecttan  of  slorea  uid  theller  of  th«  paiij  should  bs  prond»d. 

A  portaUecanopjfortlieniHuiiiiiigappuatai  IB  desirable.  (SesSketcb,  Plate  II., 
from  Plate  IZ.  in  Colonel  ToUond'a  Accoant  of  Lough  Pojle  Bass.) 

CBrpeatera'  uul  intrenching  tooia,  aa  iUjio  esiili-raaimBrB  and  nutUeta,  will  probftbl; 
be  required. 

The  part;  employed  abauld  be  proportioned  to  the  magnitude  and  importance  of  tbe 
operation.  Ai  a  guide,  the  foUoiring  return  of  the  strength  of  the  party  employed 
on  the  IiODgh  Poyle  Bue  la  aapplied.  This  base  is  nearly  eight  milea  long.  The 
number  of  Officers  of  Bajineers  wuat  first  four,  afterwards  in. 

Rttumafthe  ^ftelive  Slrtngth  of  the  Parly  tmploytd  in  tht  Meaaimatnt  of  the 
Bait  Lint  on  f  Ac  Shore  of  Lough  FoyU,  cxdative  of  Ofictri. 
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Meataremeat  qf  a  base. — TLia  has  been  effectod  in  variuns  ivays,  all  gi»inE  results 
not  far  from  the  trath,  but  some  manifestly  liable  to  error  in  a  greater  degree  tlian 
others.  Rods  of  seasoned  deal  will  vary  perceptibly  in  siie  according  to  the  state  of 
the  air.  Olase  tubes,  besides  being  liable  to  alter  their  length  aecording  to  the  tern- 
peratote,  are  extremely  troublesome  to  adjust  so  that  confidence  may  be  felt  in  the 
result.  Steel  chains  cannot  be  equally  supported  at  all  poiuti,  and  when  stretched  by 
■  weight  are  liable  to  alter  their  length,  espemlly  with  the  tarjing  t^naiou  conaeqaent 
on  difference  of  temperature.  And  the  compensating  apparatus  Is  superior  only  when 
the  l»n  composing  it  are  at  exactly  tbe  same  temperature,  and  ha>e  been,  by  auitable 
ooatings  or  aur&cea,  rendered  propartioiiallj  (with  respect  to  each  other)  susceptible  m 
all  tempemlures. 

The  errors  consequent  on  change  of  length  by  temperature  In  any  ordinary  mea> 
soring  appaiatns,  such  as  glass  rodi  or  chains,  are  of  coarse  removed  by  properly 
applied  corrections ;  bat  In  the  compensating  ban  tbe  conection  is  a  mechanical 
one,  and  to  be  satisfied  a[  its  perfect  action,  the  coinddvnt  temperature  of  the 
bars  shoold  be  aa  carefully  observed  aa  in  the  other  cases,  to  deduce  the  amoant  of 
correction. 

The  compensating  bars  may  be  considered  the  moat  accnmte,  the  glass  rods  and 
steel  chains  abont  equal  as  regards  Bccnnu:;,  and  the  deal  rods  the  least  accurate. 
Yet  as,  in  certain  sltuatione,  and  lor  certain  objects,  dispatch  and  economy  juay 
demand  as  much  regard  aa  eitreme  aocuraoy,  nn  officer  will  judge  from  the  following 
comparison  how  nearly  he  may  hope  to  approach  the  truth  with  deal  rods,  glaaa  rod^ 
or  the  steel  chain. 
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The  length  of  tie  base  on  Hounslow  Heatb,  as  found 

Feet 
By  deal  rods  '.        .        .        .     27,405-7607 
By  glass  rods       ....     27,403'38 
By  the  steel  chain    .         .         .     27,402*38 

the  extreme  difference  being  3  feet  4  inches  in  a  distance  of  rather  more  than  five 
miles. 

In  using  rods  of  deal  or  glass,  care  must  be  taken — 1st,  that  they  are  tmssetl 
laterally  aud  vertically ;  2ndly,  that  they  are  laid  always  in  the  same  right  line, 
-whether  it  be  in  a  horizontal  plane  or  the  hypothenuse  of  a  right-angled  triangle  ; 
Srdly,  that  whether  they  are  brought  together  by  contact  of  the  ends  or  by  coinci- 
dence effected  by  placing  them  side  by  side,  so  that  two  fine  transverse  lines  on  either 
rod  may  be  in  one  straight  line,  the  junction  is  equal  in  all  cases ;  and  4th1y,  that  the 
temperature  of  the  rods  at  every  stage  of  the  measurement  is  registered  ;  so  that  the 
total  number  of  lengths  may  be  reduced  to  one  standard  temperature. 

In  using  a  steel  chain,  the  same  care  as  to  contact  is  necessary,  as  is  also  precaution 
against  flexure.  The  chain  must  be  stretched  always  by  the  same  power,  and  that 
power  must  be  so  proportioned  to  its  strength  that  there  shall  be  no  danger  of  the 
length  being  increased.     The  temperature  must  be  noted  in  this  case  also. 

With  the  compensating  bars,  as  used  in  the  British  Survey,  neither  contact  nor 
coincidence  could  be  adopted,  connection  being  effected  by  intervening  microscopes ; 
and  the  precautions  to  be  most  insisted  on  are,  that  each  pair  of  bars  should  be  quite 
horizontal,  and  that  the  measuring  points  should  be  always  in  one  vertical  plane. 

The  deal  rods  used  in  England  were  20  feet  long,  2  inches  deep,  and  IJ  inch  broad  ; 
the  ends  were  tipped  with  bell-metal.  The  method  of  measuring  by  coincidences  of 
the  transverse  lines  was  thought  more  accurate  than  that  by  butting  the  ends  on;: 
against  the  other ;  but  it  was  found  so  troublesome  in  practice,  that,  after  a  few 
lengths  had  been  measured,  it  was  abandoned,  and  the  other  mode  adopted.  The 
ground  on  which  they  were  used  not  being  level,  it  was  divided  into  several  parts, 
and  each  part  represented  the  base  of  a  right-angled  triangle,  the  perpendicular  of 
which  was  a  vertical  line.  The  lines  actually  measured  were  the  hypothenuses  of 
these  triangles  (each  80  rods  long),  and  their  bases,  whose  sum  made  up  the  base  of 
the  survey,  were  found  by  computation,  the  height  of  the  perpendiculars  having  been 
ascertained  by  the  spirit-level.  The  rods  were  supported  on  trestles  from  2  to  8  feet 
above  the  ground  :  a  plumb-line  marked  the  extremity  of  each  day's  work.  The 
plummet  vibrated  in  a  bi*ass  cup  of  water  placed  in  a  hole  in  the  ground ;  it  was 
fenced  round  for  the  night,  and  a  watchman  guarded  the  ground  till  operations  vere 
resumed. 

The  steel  chain  was  100  feet  long,  each  link  a  parallelepiped,  half  an  inch  square, 
and  2}  feet  long  ;  there  were,  therefore,  40  links.  In  measuring,  it  was  placed  on 
coffers,  which  were  supported  by  posts  driven  into  the  ground.  A  weight  of  56  lbs. 
at  one  end,  and  a  screw  at  the  other,  stretched  and  adjusted  the  chain.  A  moveable 
scale,  supported  on  a  post,  but  entirely  independent  of  the  rest  of  the  apparatus,  was 
made  to  mark  accurately  the  end  of  each  100  feet  measured,  and  the  commencement 
of  the  100  feet  about  to  be  measured,  so  that  one  chain  was  sufficient  for  the  work. 
Nevertheless,  as  the  end  of  a  100-feet  chain  might  sometimes  fall  in  a  ditch  or  other 
irregular  ground,  a  second  chain  of  50  feet  long,  and  laid  off  from  the  same  standazxl 
as  the  100-feet  chain,  was  kept  ready  for  such  a  contingency. 

The  expansion  of  a  foot  of  the  glass  tube  and  of  a  foot  of  the  steel  for  trery  d^ree 
of  the  thermometer  was  ascertained  by  a  microscopic  pyrometer. 
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The  oomponsatmg  bars  lued^in  Ireland  measared  eaoh  a  diatanoe  of  exactly 
10  feet  between  the  compenaating  points.  The  following  will  explain  their  oon- 
atrnction* :— ^ 

"  Let  a  a'f  h  h\  be  two  bars  of  brass  and  iron  joined  together  at  their  centres  by  a 
steel  bar,  p  q,  but  free  to  expand  from  and  contract  towards  their  centres,  inde- 
pendently  of  each  other  ;  a  ti,  a'  n',  axe  flat  steel  tongues  at  the  extremities  of  these 
bars,  moTing  freely  on  conical  brass  pivots,  allowing  them  to  be  inclined  at  small 
angles  with  the  lines  perpendicalar  to  a  a',  b  b'.  (Fig.  1,  Plate  III.  Longh  Foyle 
Base.) 

'^  At  the  temperature  of  62"  Fahrenheit,  the  bars  are  assumed  to  be  precisely  of 
the  same  length,  and  the  tongoes  consequently  at  right  angles  to  a  a',  6  &'. 

"Imagine  these  bars  to  receive  an  increase  of  temperature  and  length,  and,  from 

the  inequality  in  their  expansions,  the  brass  to  become  e  </,  and  the  iron  d  cf,  the 

position  of  the  tongues  now  being  cdn,  cf  d'  n',  it  will  then  be  apparent  that  if  the 

points  n'  n'  be  so  determined  that 

ae  b  d        :  :  an  :  bn, 

exDansion  distance  of  the  distance  of  tho 

Expansion  of  the  brass  :      -  ?,     .         :  :         compensated         :       compensated 

point  from  the  brass     point  from  the  iron, 

the  positions  of  the  points  n  n!  can  only  vary  within  very  narrow  limits  for  any 
differences  of  temperature  arising  from  atmospheric  changes." 

In  arranging  these  bars  for  measurement,  triple  microscopes,  also  constructed  on  a 
compensating  principle,  measured  an  equal  interval  between  the  points  of  every  two 
adjacent  pairs  of  bat's,  and  thus  all  danger  of  disturbance  by  contacts  was  avoided. 

The  following  are  the  reductions  and  reduced  lengths  of  Genei'al  Boy's  base, 

measured  with  glass  rods ; — 

Feet. 

Hypothenusal  length  of  the  base  as  measured  by  1369 '925521  glass 
rods  of  20  feet  each  +  4*31  feet,  being  the  distance  between  the  last 
rod  and  the  centre  of  the  north-west  pipe 27, 402 '8204 

Beduction  of  the  hypothenuses  to  be  subtracted 0*0714 

Apparent  length  of  the  base  reduced  to  level  of  south-east  extremity  .    27, 402 '7490 
Add  the  difference  between  the  expansion  of  the  glass  above,  and  con- 
traction of  it  below,  62'      0-3489 

Add  also  the  equation  for  6°  difference  of  temperature  of  the  standard 
brass  scale  and  the  glass  rods,  between  62°  and  68**,  the  tempera- 
ture at  which  the  rods  were  laid  off 0'9864 

Length  of  the  base,  in  temperature  62**,  reduced  to  the  level  of  the 
lower  extremity 27,404*0843 

Beduction  from  the  height  of  the  lower  end  of  the  base  above  the 
mean  level  of  the  sea,  supposed  to  be  54  feet 0*0706 

True  length  of  the  base  reduced  to  the  mean  level  of  the  sea       .        .    27,404'0137t 

A  base  may  be  tested  by  dividing  it  into  two  parts  and  using  one  part  as  a 
base  from  which  the  other  part  may  be  found  trigonometrically.  After  being 
tested  in  this  way,  a  base  may  be  prolonged  by  the  same  means  with  the  greatest 
accuracy. 

*  Beo  also  page  599. 

t  The  length  of  the  base,  as  found  by  the  glass  rods,  differs  from  that  given  in  page  578, 
because  it  is  there  reduced  to  the  standard  from  which  the  steel  chain  was  laid  off. 
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ThiB  method  of  throwing  oat  perpendiculars  at  the  end  of  a  meaaared  line^  and 
then  extending  it  thus  by  triangulation  in  successively 
augmenting  lengths,  has  been  adopted  by  preference  in  ^'Tn 

some  cases  to  an  actual  measurement,  and  wherever  y'     i     *\ 

it  is  only  possible  to  secure  a  very  small  portion  of         y''  j  \^ 

good    ground,   it  deserves    such    preference.      It  was     ,y  \  '*v 

adopted  in  the  Irish  survey  in  order  to  extend  the     \  /y\  / 

measured  base  to  a  favourable  point  for  observation,         \        /    |    \        / 
over  a  tract  of  sand-hills.     By  such  an  arrangement  \/       |       \^''' 

very  great  care  may  be  bestowed  on  the  measurement 
of  a  small  base,  without  incurring  the  great  expense 
of  a  more  protracted  measurement,  and  for  minor 
surveys,  therefore,  it  is  a  most  valuable  method. 

Grand  Triangulation — Elevations  and  Bepressiont — Ohaei^vations  of  the  PoU-Simr. 

It  has  always  been  a  maxim  in  England,  among  those  who  have  conducted  oar 
grand  trigonometrical  operations,  that  reductions  in  the  office  should  be  avoided  bj 
every  means  that  science  and  art  afford  for  perfecting  the  field  operations.  The 
time  and  labour  expended  by  us  in  the  field  are  therefore  considerable ;  but  it  !• 
hoped  that  the  precision  of  our  measurements  and  observations  is  considerable  also. 
The  circle  of  repetition,  so  generally  used  by  the  French,  has  not  been  adopted  by 
our  engineers;  and  our  instruments  are  less  portable  and  less  expeditious,  bat 
capable  of  being  accurately  adjusted  to  the  plane  of  the  horizon,  and  the  vertical 
plane,  and  of  being  placed  exactly  over  the  station.  The  principle  of  these  instm- 
ments  is  of  the  same  nature  as  that  of  the  theodolite  in  general  use  ;  but  their  form  and 
construction  are  peculiar,  and  designed  to  secure  the  utmost  precision.  The  largect^ 
or  Ramsden*s  great  theodolites,  made  for  the  Eoyal  Society  and  for  the  Ordnance^ 
have  a  horizontal  circle  of  three  feet  diameter,  connected  by  strong  radii  with  a 
hollow  conical  axis  two  feet  high,  which  is  a  socket  for  an  interior  axis  rising  from 
the  base  of  the  instrument.  The  exterior  axis  carries  two  arms  for  the  support  of  a 
powerful  telescope.  The  reading  is  effected  by  means  of  microscopes  which  are 
attached  to  the  base  of  the  instrument.  Their  number  was  originally  two,  placed 
at  180"  interval ;  but  it  has  been  increased  to  four  in  the  Ordnance  Survey  insbn- 
mcnt,  tbe  additional  microscopes  being  so  placed  that,  together  with  one  of  the 
original  microscopes,  they  divide  the  circle  into  three  equal  parts  or  into  diviaons 
of  120",  and  it  has  been  customary  to  record  the  mean  of  the  two  opposite  micro- 
scopes marked  a  b,  but  to  use  for  the  calculations  the  mean  of  the  three  A  o  D  only  ;  • 
the  object  being  the  more  effectual  correction  of  errors  from  eccentricity.     In  the 


*  On  tbc  azimutb  circle  of  tbo  LirjfO  tbO'Kiolito  used  oi»  the  tnani^'ii- 
lution  of  tbo  OrdnaDco  Survey,  the  orig^iiial  veniiers  were  only  at  the 
two  opposite  pointa  a  and  u,  the  mean  of  tbo  readingH  at  which  was, 
of  course,  always  taken.  SubKe<iuently,  tlie  verniers  at  c  and  n  were 
added,  each  of  them  equidistant  120*  from  a,  and  alfio  from  each 
other.  It  has  since  been  sometimes  the  custom,  first  to  take  the 
mean  of  a  and  h,  and  afterwards  the  mean  of  a  r  and  D,  and  to  con- 
sider the  mean  between  these  two  valuations  as  the  true  roadinj?  of 
the  angle  :  this  method  has.  however,  been  olyectod  to  as  being  in- 
correct in  principle,  an  undtjo  importance  lx:lng  given  to  the  rca-lin j 
of  the  vernier  a,  and  also  in  a  smaller  degree  to  b.  The  inthioncc 
assigned  to  each  vernier  is,  in  fact  ;vs  follows  : — a  .  5  ;  «  .  3  ;  c  and  n, 
2  each.  A  theodolite  of  the  same  si/.e  and  constniction  has  since 
been  made  with  four  equidistant  veniiers, — OutUut  of  the  Mtthod  of 
conducting  a  Triyononulrical  ^'un-.y.    i?y  Colonel  Fromt,  R.E. 
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instrnment  belonging  to  the  Royal  Society  four  additional  miorosoopes  vera  placed, 
BO  that  the  circle  is  divided  by  them  into  six  equal  parts  or  divisions  of  60  degrees  ; 
and  the  mean  of  the  six  is  then  taken  as  including  in  itself  each  case  of  correction. 

The  microscopes  are  micrometers,  the  minutes  being  shewn  by  a  divided  scale,  and 
the  seconds  by  a  graduated  circular  rim  attached  to  the  screw-head,  which  moves 
the  bisecting  wire  of  the  microscope.  It  is  of  coarse  necessary,  before  commencing 
observations,  to  adjust  the  zero  of  the  scale  and  that  of  the  micrometer  screw-head  to 
each  other,  and  also  to  adjust  the  several  microscopes  to  each  other  ;  which  is  readily 
done  by  causing  the  bisecting  wire  of  any  one  microscope  when  over  the  zero  of  the 
scale  (the  index  of  the  graduated  micrometer  rim  being  also  at  zero)  to  bisect  a  dot 
of  the  circle,  say  0* — 60** — 120**,  or  any  other,  and  then  carefully  adjusting  every 
other  microscope  to  the  dot  corresponding  to  its  relative  position. 

The  vertical  circle  is  fitted  to  the  transverse  axis  of  the  telescope,  and  its  divisions 
read  by  a  microscope  on  an  index  fixed  to  the  arms  which  support  the  telescope.  The 
telescope  can  be  inverted  in  its  supports  or  Y's.  The  parts  of  the  instrument  are 
capable  of  the  most  delicate  adjustment,  and  no  skill  nor  expense  has  been  spared 
that  could  contribute  to  their  efficiency. 

Each  instrument,  when  not  in  use,  can  be  enclosed  in  a  wooden  case,  and  trarels 
in  a  spring  waggon  constructed  to  receive  it  and  its  stores.  It  is  carried  by  hand,  on 
a  cradle,  up  hills  impracticable  for  wheeled  vehicles,  and  hoisted  by  mechanical 
power  to  the  tops  of  buildings. 

An  instrument  1 8  inches  in  diameter,  and  of  a  construction  similar  to  that  of  the 
three-feet  instrument,  has  been  used  in  situations  to  which  the  greater  instruments 
cannot  be  conveyed. 

An  altitude  and  azimuth  instrument,  di£fering  in  construction  from  the  great 
theodolite  of  Bamsden,  was  made  by  Messrs.  Troughton  and  Simms  for  the  Survey  ot 
Ireland.  The  horizontal  circle  of  Uiis  instrument  is  two  feet  in  diameter,  and  fixed, 
whilst  the  reading  microscopes  are  moveable,  being  attached  to  arms  projecting  from 
the  moving  axis  ;  whereas  in  Ramsden*s  theodolite  the  microscopes  are  fixed  and  the 
divided  circle  is  moveable.  In  Bamsden's  instruments  the  brass  cone  to  which  the 
circle  is  attached,  as  well  as  the  apparatus  for  caiTying  the  Y's  of  the  telescope, 
moves  round  a  long  vertical  steel  axis,  s«  that  the  telescope  cannot  be  reversed  with- 
out being  lifted  out  of  the  Y's  :  in  Troughton's  the  axis  is  very  short,  and  tho 
telescope  is  supported  by  pilhtrs  rising  from  the  axis,  so  that  it  can  be  reversed 
without  removal.  This  important  difference  of  principle,  whilst  it  facilitates  the 
application  of  the  instrument  to  the  determination  of  vertical  angles,  renders  the 
preservation  of  its  level  uncertain  ;  and  although  it  has  been  so  modified  as  to  give, 
in  skilful  hands,  results  equal  to  those  of  the  three-feet  theodolite,  it  is  still  considered 
an  instrument  of  very  difficult  use.  It  was  furnished  originally  with  a  repeating- 
table  on  Pond's  construction.  It  may  be  stated  that  in  Colonel  Yolland*s  opinion 
neither  of  these  instruments  is  equal  to  the  requirements  and  resources  of  modem 
science — an  opinion  shared  by  at  least  one  of  his  predecessors,  who  had  a  long 
experience  of  the  use  of  the  three-feet  theodolite  ;  and  it  is  to  be  hoped  therefore  that 
an  opportunity  will  be  afforded  during  the  progress  of  the  survey  to  Ck)lonel  Yolland 
to  bring  forward  an  improved  construction,  so  that  the  British  survey  may  take  the 
lead  in  the  instrument  for  measuring  angles,  as  it  has  done  in  the  apparatus  for 
measuring  a  base. 

Instruments  whose  circles  are  divided  from  0°  to  860°  are,  cateris paribus,  much 
to  be  preferred  to  those  whose  circles  are  divided  from  0°  both  ways  to  180°. 

In  all  situations  where  the  instrument  may  be  set  up,  the  following  are  rules  to  be 
itrictly  attended  to : 
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1.  That  the  centre  of  the  instrument  be  placed  vertically  over  the  centre  of  the 
Btation,  80  that  the  two  centres  may  be  in  the  same  rertical  line. 

2.  That  the  instrument  be  insulated  from  all  parts  of  the  observatory. 
8.  That  the  footing  of  the  instrument  be  perfectly  secure  and  constant. 

On  buildings,  or  artificial  stations,  these  effects  must  be  secured  by  means  adapted 
to  the  particular  circumstances  of  each  case ;  but  on  open  or  natural  stations  the 
instrument  must  be  supported  on  wooden  posts,  firmly  tied  together,  and  either 
resting  on  a  rock,  or  driven  into  a  substratum  not  liable  to  transmit' vibrations  from 
any  lateral  shock.  The  frame-work  and  floor  of  the  observatory  must  be  entirely 
separated  from  the  supports  of  the  instrument,*  so  that  the  latter  may  be  perfectly 
insulated,  and  secured  from  the  influence  of  the  vibrations  of  the  floor.  In  rock  the 
transmission  of  vibrations  is  so  very  imperfect,  that,  though  the  supports  of  the  floor 
and  those  of  the  instrument  are  kept  distinct,  they  may  all  rest  upon  the  rock  ;  but 
in  soft  ground  it  would  be  frequently  necessary  to  sink  a  shaft  in  order  to  secure  ft 
non-vibratory  stratum  for  the  support  of  the  instrument,  the  observatory  resting  on 
the  natural  surface. 

The  portable  observatories  are  furnished  with  strong  guy-ropes  to  support  them  in 
the  exposed  situations  where  they  are  commonly  set  up. 

A  party  of  ten  or  twelve  men  accompanies  the  instrument ;  and  these  must 
be  accommodated  in  tents  or  portable  huts,  and  carry  a  camp  equipage  sufficient  for 
their  wants  at  remote  and  exposed  stations.     Plate  I.  is  a  sketch  of  an  encampment. 

In  any  series  of  obserrations  the  telescope  should  be  always  directed  on  the  objects 
by  the  same  person  ;  and  each  microscope  should  be  read  by  the  same  i>er8on, 
because  of  the  difference  in  men*s  visions. 

At  every  observatory  station,  an  object  near  at  hand,  and  likely  to  be  ^aible  in  all 
states  of  the  atmosphere,  should  be  selected  as  a  referring  point,  and  observed  in  each 
series  of  observations.  Between  two  successive  sets  of  observations  the  position  of 
the  horizontal  circle  should  be  changed,  so  that  the  bearings  of  the  several  objects 
should  be  read  on  difl'erent  parts  of  the  circle,  and  errors  of  division  be,  as  mnch  as 
possible,  neutralized.  It  is  not  necessary  to  set  the  zero  of  the  circle  to  any  one 
object,  nor  to  adjust  it  to  the  index  of  the  vernier  or  zero  of  the  microscope  ;  as  the 
observation,  in  every  set,  of  the  referring  point,  enables  the  bearings  of  all  other 
objects  to  be  referred  to  it  as  a  zero  point,  by  the  subtraction  from  the  respective 
bearings  of  an  angular  quantity,  namely,  the  bearing  of  that  referring  point  in  that 
]mrticular  series. 

It  is  proper  also  to  invert  the  telescope  in  its  Y's  occasionally,  so  that  the  successive 
series  may  be  taken  with  the  telescope  in  t!ic  one  or  in  the  other  position,  alternately,  — 
as  well  to  compensate  fur  errors  of  colli mation  as  to  guard  against  an  unequal  wear 
of  the  axis. 

A  long  scries,  including  principal  stations  and  minor  objects,  is  liable  to  interrup- 
tion or  vitiation  by  sudden  or  partial  atmospheric  changes,  or  by  the  instrument 
falling  out  of  level.  On  the  other  hand,  the  general  accuracy  of  the  whole  work  is 
advanced  by  having  as  large  a  number  of  points  as  possible  observed  under  the  same 
circumstances,  which  can  hardly  be  the  case  if  they  are  observed  in  different  series; 
as  the  parts  of  the  circle  on  which  the  bearings  are  read,  the  temperature,  and  state 
of  the  atmosphere,  will  probably  be  changed,  and  there  may  be  a  different  observer. 

An  officer  must  therefore  be  guided  in  the  arrangement  of  his  series  of  observations 
by  the  time  at  his  disposal  for  the  completion  of  the  station,  considered  in  connection 
with  the  season  of  the  year  and  the  prevailing  weather. 

*  Bee  article  '  Obeervatory,'  voL  ii. 
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The  nearer  stations  will  be  often  visible  when  the  more  remote  are  hidden  by 
vapours,  therefore  the  observations  to  the  former  will  exceed  in  number  those  to  the 
latter.  It  will  be  hereafter  seen  how  the  number  of  observations  to  any  two  objects 
affects  the  value  of  the  contained  angle  for  calculation. 

Any  principal  station  ought  to  be  observed  not  less  than  three  times  from  any  one 
station  of  the  instrument. 

The  depressions  and  elevations  are  found  by  setting  the  telescope  horizontal  by  its 
level,  and  at  the  same  time  adjusting  the  index  so  that  it  shall  read  zero  ;  or,  if  it  be 
preferred,  the  exact  reading  of  the  index,  when  the  telescope  is  level,  may  be  registered, 
and  the  error,  if  any,  allowed  for.  Then  by  directing  the  telescope  on  the  base  or 
some  appointed  part  of  the  object,  the  angle  contained  between  it  and  the  plane  of 
the  horizon  is  measured  on  the  vertical  circle,  and  read  by  the  microscope  at  the 
index. 

It  has  been  the  custom  to  measure  firat  the  horizontal  bearing  of  an  object,  and 
afterwards  its  elevation  or  depression. 

To  find  the  direction  of  the  meridian  at  any  station,  the  angles  contained  between 
any  fixed  terrestrial  object  and  the  greatest  apparent  eastern  and  western  elongations 
of  the  pole  or  other  circumpolar  star  may  be  observed.  The  mean  of  these  observa- 
tlons  is  the  angle  contained  between  the  pole  and  that  object.  The  most  convenient 
object  from  which  to  measure  the  direction  of  the  meridian  will  be  the  refeiTing 
object  before  mentioned. 

As  some  of  the  observations  have  to  be  effected  by  night,  it  is  necessary  on  such 
occasions  to  illuminate  the  wires  of  the  telescope  and  also  the  referring  object.  To 
admit  of  the  illumination  of  the  wires,  the  transverse  axis  of  the  telescope  is  made 
hollow,  and  has  an  elliptical  illuminator  in  the  centre ;  its  end  is  covered  with  glass, 
so  that  the  light  of  a  lamp  placed  for  that  purpose  on  a  stand  enters  and  is  thrown 
on  the  wires.  The  referring  object  can  be  easily  constructed  so  as  to  have  a  lamp 
fitted  to  it  for  nocturnal  observations.  The  times  of  the  greatest  elongations  of  the 
pole-star*  must  be  calculated  from  astronomical  data,  and  the  observer  must  ascertain 
the  right  moment  by  means  of  a  chronometer  or  good  watch. 

The  true  meridian  may  also  be  determined  by  observing  Polaris  or  some  other 
convenient  star  frequently  when  near  its  maximum  elongation,  in  successive  bearings, 
the  times  of  observation  being  accurately  noted,  and  then  by  calculation  deducing 
the  true  bearing  of  the  star  when  on  its  meridian.  With  the  rei)eating  circle  this  is 
the  necessary  arrangement.  These  methods  are  intended  to  secure  a  degree  of 
accuracy  in  the  azimuths  corresponding  to  that  obtained  in  the  distances  between 
objects  ;  as  without  such  accuracy  latitudes  and  longitudes  could  not  be  determined 
geodetically  with  sufficient  precision.  For  more  ordinary  purposes,  when  the  object 
is  merely  to  determine  with  a  moderate  approach  to  accuracy  the  variation  of  the 
needle,  or  place  the  meridian  on  a  map  or  plan,  equal  altitudes  of  the  sun  may  bo 
nsed.f 

All  observations  should  be  recorded  in  ink ;  and  if  the  observer  have  any  reason  to 
doubt  the  accuracy  of  an  observed  bearing  or  series  of  bearings,  he  should  record  his 
opinion  at  the  time. 

The  date,  name  of  the  observer,  and  state  of  the  atmosphere,  should  be  recorded 
with  every  series. 

Corrections  in  the  record- book  should  be  made  by  scoring  out  with  the  pen  the 


*  ThlB,  of  course,  la  not  applicable  in  Southern  latitudes.-— JETc^itor. 

t  Allowance  being  made  for  the  sim's  change  of  declination  during  the  interval.    Equal 
altitudes  of  a  $tar  require  no  such  correction.— ^difor. 
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incorrect  word  or  figure,  and  writing  the  correct  one  oyer  it.    Bnurarefl  with  a  kaih 
should  nerer  be  permitted. 

The  ftocoracj  of  the  resnlts  of  triangnUtion  mnst  mainly  depend  on  the  care  with 
'vs-hich  the  stations  for  obserTation  are  preserved  and  identified,  and  on  the  stability 
secured  for  the  instrument.     When  the  points  for  observation  have  been  adeetod, 
they  should   be  marked  with  an  accuracy  corresponding  to  that  expected  in  the 
observations  from  and  to  them.     In  treating  of  the  measurement  of  a  base,  the  mofe 
delicate  modes  of  marking  the  centre  of  a  station  have  been  pointed  out,  but  it  hai 
been  usually  considered  sufficient  to  mark  the  centres  of  ordinary  stationa  bj  a 
jnmper-hole  in  the  rock  or  in  a  hirge  stone  buried  about  two  feet  under  the  snrfiMe. 
On  the  British  Survey  the  object  to  be  observed  is  either  a  pole  or  a  staff,  the  lower 
portion  of  which  is  surrounded  by  a  conical  pile  of  sods  or  of  stones,  or  the  simple 
])ile  itself.     In  either  case,  the  strict  verticality  of  the  object  mnst  be  carefuUy  insoi^ 
During  the  earlier  years  of  the  Survey  a  pole  was  placed  in  every  pile,  to  aaeiBt  the 
eye  in  the  bisection  ;  but  of  late  years  it  has  been  considered  sufiicient  to  beild 
carefully  the  pile  concentric  with  the  station,  as  the  pole  was  thought  to  take  the 
wind  and  draw  out  of  the  perpendicular,  and  tend  to  shake  down  the  pile.     On  the 
hills  of  Scotland  it  would  have  cost  some  labour  and  expense  to  convey  poles  to  the 
hill-tops,  and  in  the  lower  grounds  the  peasantry  are  tempted  to  destroy  the  pile  for 
the  purpose  of  appropriating  the  wood.     The  piles  vary  in  height  aooording  to 
the  distance  from  which  they  are  to  be  observed,  from  12  to  18  feet,  with  a  diameter 
of  base  sufficient  to  give  stability.     The  poles  or  staves  have  varied  from  24  to  30  feek 
When  a  building  is  the  point  to  be  obsei'ved,  some  definite  and  readily  reeogniable 
part  should  be  selected,  and  if  there  be  none  snch,  a  pole  or  other  object  shonld  he 
raised  upon  or  fixed  to  it,  as  the  observation  of  the  apparent  centres  of  large  buildings 
is  a  very  rude  process  and  leads  to  much  inaccuracy.    In  addition  to  these  ordinaxj 
modes   of  marking  stations,  which  will,  of  course,  be  modified  by  every  ingenious 
Engineer  so  as  to  meet  the  requirements  and  resources  of  the  country  he  may  be  in, 
it  is  frequently  necessary  to  use  more  refined  methods  of  exhibiting  to  a  distant 
observer  the  point  to  be  observed,  and  this  more  especially  in  countries  where  a  hasy 
or  misty  condition  of  the  atmospliere  prevails.     A  tin  cone  or  sphere  has  been 
observed  as  a  very  brilliant  object,  but  as  it  exhibits  varying  phases  it  is  objectionable  ; 
and  this  objection  applies  even  to  stone  piles  when  not  provided  with  central  poles, 
as  they  arc  often  partially  and  brightly  illumined,  and  arc  then  liablo  to  be  obeenred 
incorrectly,  the  apparent  not  being  the  true  centre.     Metallic  plates  have  been  fixed 
to  a  pole  and  arranged  in  angles  corresponding  to  the  varying  altitudes  of  the  sun  ; 
but  this,  though  an  ingenious,  is  a  very  troublesome,  method  of  insuring  a  refleetion 
of  light  in  a  definite  direction.     The  Drummond  light,  or  the  intense  light  evolved  bj 
lime  when  brought  to  a  state  of  high  ignition  by  the  action  of  the  oxy-hydrogen  blow- 
pipe, was  used  once  on  the  Irish  Survey  ;  and  judging  from  its  brilliancy  on  that 
occasion,  it  cannot  be  doubted  that  for  any  particular  and  very  distant  object  where 
a  night  signal  is  desirable,  the  Drummond  light  may  be  used  with  effect  and  for  any 
distance  ;  'but  the  skill  and  attention  necessary  to  prepare  the  oxygen  gas  and  la 
w  atch  over  the  lamp  and  reflection  will  prevent  its  use  on  lofty  mountains  or  in 
ordinary  circumstances.     The  Heliostat,  or  Heliotrope,  is  the  instrument  which,  from 
the  facility  of  its  application,  has  been  most  approved  by  modem  Geodesisls.     There 
arc  several  forms  of  this  instrument,  such  as  that  of  Qaus,  used  on  the  continent^  aad 
that  of  the  late  Captain  Drummond,  used  on  the  British  Survey.     The  object  of  saeh 
instruments  is  to  insure  the  reflection  of  the  sun's  rays  in  some  definite  direction  bj 
a  mirror,  the  movement  of  which  is  adjusted  to  the  motion  of  the  sun.     In  QaaiTs 
Heliotrope  the  mirror  is  smaU,  and  when  the  observer  looks  through  a  teleeoopt 
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which  forms  part  of  the  instrament,  at  the  station  to  which  the  reflection  is  to  be 
made,  he  sees  (if  he  has  rightlj  suljosted  the  instrument)  a  reflected  image  of  the  sun 
before  him,  and  knows  that  its  rays  are  then  reflected  from  the  mirror  in  the  right 
direction.  In  the  original  Heliostat  of  Captain  Drummond  also  there  was  a  tolerably 
good  telescope  for  determining  the  line  of  direction  ;  and  the  mirror,  which  varied  in 
size  from  8  to  12  inches  square,  was  adjusted  by  machinery  connected  with  a  small 
telescope,  with  which  the  observer  followed  the  motions  of  the  sun.  This,  though 
ingenious  in  construction,  was  troublesome  in  use,  and  was  replaced  by  a  very  simple 
arrangement,  also  devised  by  Captain  Drummond.  The  line  of  direction  being  first 
determined  approximately  and  then  marked  by  means  of  a  small  theodolite  or  other 
instrument  on  the  ground,  a  small  brass  ring  is  placed  about  50  or  60  feet  in  front  of 
the  mirror,  being  adjusted  as  to  height  to  the  degree  of  depression  or  elevation  which 
may  be  required.  The  operation  is  now  perfectly  simple,  as  the  person  in  charge  of 
the  Heliostat  merely  moves  the  mirror  horizontally  and  vertically  until  he  observes 
the  ring  before  him  illumined  by  the  rays  reflected  from  its  surface,  as  it  is  then  mani- 
fest that  the  reflection  is  made  in  the  required  direction.  As  this  very  simple 
arrangement  has  been  found  effectual  with  distances  exceeding  100  miles,  it  appears 
to  require  no  further  recommendation  for  the  greater  distances,  and  as  small  circular 
mirrors  of  4  inches  diameter  are  amply  sufficient  for  distances  of  30  or  40  miles,  they 
can  be  readily  applied  in  low  situations,  where  it  is  often  extremely  difficult  to  discern 
an  opaque  object.  In  the  Survey  of  Ireland  they  were  extensively  applied  in  this 
manner,  being  packed  in  a  leathern  case  slung  over  the  back  of  a  soldier  who  went 
from  one  station  to  another,  and  thus  enabled  the  observer  at  a  station  to  include 
in  his  observations  many  of  those  difficult  minor  objects  in  the  low  country  around 
him  which  would  perhaps,  without  this  aid,  have  baffled  his  efforts  to  see  them. 
A  common  mechanic  may  construct  one  of  these  simple  heliostats,  and  they  may 
therefore  be  applied  under  almost  any  circumstances,  as  was  done  by  Mr.  M*Clear  at 
the  Cape,  who  used  a  simple  chamber  looking-glass  fixed  in  by  swivels  to  a  double 
frame. 

When  the  instrument  leaves  a  station,  the  posts  on  which  its  feet  rested  are  left  in 
the  ground,  as  well  as  the  centre  stone.  The  description  of  each  station,  with  its 
distances  from  permanent  objects,  should  be  recorded  at  the  time  of  its  selection,  to 
})reveut  the  possibility  of  its  being  lost. 

It  is  moat  desirable  that,  in  the  grand  triangulation,  all  three  angles  of  each  triangle 
should  be  observed. 

As  a  guide  in  the  selection  of  stations,  it  should  be  remembered  that  the  conditions 
which  aflbrd  the  greatest  probability  of  the  smallest  errors  are  these  : 

1st.  That  the  angle  opposite  to  the  measured  side  be  less  than  a  right  angle  ;  and 
2ndly,  That  the  angles  adjacent  to  that  side  be  nearly  equal.  These  conditions  will 
be  best  fulfilled,  on  the  average  of  a  series,  by  making  the  triangle  as  nearly  as 
possible  equilateral. 

The  Secondary  Triangulation  will  not  require  a  lengthened  notice,  as  it  is  simply 
the  breaking  up  of  the  grand  triangulation  into  smaller  triangles,  and  these  again 
into  still  smaller  triangles  having  sides  not  exceeding  two  miles  in  length,  and  is 
founded  on  the  same  principles.  The  angles  are  taken  with  instruments  of  12,  10, 
and  7  inches  diameter.  The  stations  are  marked  either  with  small  piles  of  earth  or 
stone,  or  by  poles.  The  minor  stations  being  necessarily  in  fields,  villages,  gardens, 
&c.,  where  they  are  liable  to  be  disturbed  or  defaced,  it  is  desirable  that  a  district 
should  be  speedily  completed,  and  the  detail  sui-vey  commenced  as  soon  as  the 
distances  can  be  computed.  Therefore  many  instruments  should  be  simultaneously 
employed  at  this  secondary  triangulation. 
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It  ifl  not  always  necessary  to  erect  an  obserratory ;  bnt  to  shelter  the  instmnMntt 
and  obeerrer  when  an  obserratory  is  dispensed  with,  one  of  the  assistants  canief  a 
large  chaise  nmbrella,  or  any  other  description  of  simple  screen.* 

Sector  Ob$erPcUions, — For  purposes  lo  be  hereafter  mentioned,  it  !•  reqniflite  ta 
measure  the  zenith  distances  of  known  stars  at  certain  of  the  trigonometrical  stations. 
This  is  effected  with  an  instrument  called  the  *  Zenith  Sector  :  Mt  is  of  Tarions  oon- 
structlons,  which  it  is  not  necessary  here  to  detail,  but  the  general  principle  is  as 
follows.  Two  strong  bars  or  pillars  are  joined  at  one  point  only,  which  is  the 
centre  of  the  instrument.  One  of  them  is  immoveable  and  vertical,  the  other  has  a 
motion  in  a  vertical  plane  round  the  centre,  limited  according  to  the  lengths  of  the 
arcs  to  be  measured.  The  moveable  bar  carries  a  telescope,  to  be  directed  on  ib« 
object  whose  zenith  distance  is  required.  The  angle  contained  between  the  YwUoftl 
line  through  the  centre  of  the  instrument  and  the  axis  of  the  telescope  direoted  on 
the  star  is  the  zenith  distance,  which  must  be  measured  on  the  arc  of  a  metal  oirele 
attached  to  either  the  fixed  or  the  moveable  pillar. 

The  construction  of  the  sector  now  in  use  on  the  Ordnance  Survey  is  quite  new. 
The  vertical  bar  is  famished  with  two  concentric  graduated  arcs,  one  above  and  one 
below  the  centre,  and  the  axis  of  motion  of  the  telescope  is  at  the  middle  of  ita 
length.  At  the  eye  end,  cast  in  the  same  piece  with  the  tube  of  the  telescope,  one 
on  cither  side  of  it,  and  looking  towards  the  lower  arc,  are  two  microscopes,  and  the 
same  at  the  field  end.  The  mean  of  four  readings  is  therefore  obtainable  for  the 
bearing  of  the  axis  of  the  telescope  &r  shewn  on  the  arcs.  The  whole  instrument 
can  be  suddenly  turned  round  180*^  in  azimuth  by  means  of  a  stop  ;  and  it  must  be 
so  tamed  between  every  pair  of  observations  of  the  same  stur.  It  stands  in  a  sort  of 
tray,  in  which  are  strong  screws  for  adjusting  it  in  the  plane  of  the  meridian  ;  and 
the  vertical  bar  has  three  levels  behind  it :  a  clamp  and  tangent  screw  arrest  and 
regulate  the  motion  of  the  telescope,  and  a  micrometer  wire  in  the  focus  of  the 
telescope  is  moveable  by  a  screw  over  the  field. 

Suppose  the  instmment  set  up  and  adjusted  to  the  plane  of  the  meridian,  and  that 
it  is  intended  to  measure  the  zenith  distance  of  a  star ;  two  persons  must  take  pari 
in  the  operation.  The  direction  of  the  star  when  on  the  meridian  beiog  approzi- 
raately  known,  the  telescope  is  set  accordingly,  and  clamped  before  the  time  of 
culmination,  and  the  four  microscopes  read  off  and  registered,  as  also  the  inclination, 
if  any,  of  the  levels.  Then  wlien  the  star  appears  on  the  field  of  the  glass,  it  la 
bisected  with  the  micrometer  wire  before  it  quite  reaches  the  meridian,  and  the  time 
noted  :  thus  the  bearing  of  the  line  from  the  eye  of  the  observer  through  the  wire  to 
the  star  is  already  registered.  The  instmment  is  then  reversed  by  the  stop,  and 
the  levels  again  read  by  one  person,  while  the  other  again  bisects  the  star,  bnt  this 
time  with  the  tangent  screw,  the  micrometer  wire  remaining  as  at  the  first  obaerra* 
tion ;  and  the  time  is  again  noted.  The  four  microscopes  are  then  read  again ; 
and  the  difference  of  the  two  readings  is,  of  course,  double  the  zenith  distance  of  the 
star. 

Computation  of  Distances^  Altitudef^  LaiUvdes^  and  Longitudes. — The  mean  Talne 
of  each  of  the  angles  of  a  triangle  having  been  found  from  the  observation  book,  tiieir 
sum  ought,  strictly  speaking,  to  equal  180**  +  the  spherical  excess.  To  compute  the 
spherical  excess,  f  Let  A,  B,  C  denote  the  angles  of  a  spherical  triangle,  r  the  radius 
of  the  sphere  expressed  in  feet,  x  =  3'14159  the  ratio  of  the  circumference  to  the 


•  To  shelter  tho  iustrumont?  and  also  ob^cr\'crs  from  tho  weather,  portable  Abeervatorles  are 
used,  as  doscrn)M  in  tho  article  'Obsjrvatory,  Portable* — EUtor. 
t  Rule  by  Mr.  Airy,  Astronomer  Royal. 
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diameter,  and  S  the  nnml}er  of  square  feet  in  the  sarface  or  area  of  the  triangle  : 

then,  by  trigonometry, 

„      A  +  B  +  C-180\ 
S  = rsT^s r3  IT. 


S  X  180' 
r^  IT 


lU 


180' 

Let  E  denote  the  spherical  excess  =  A  +  B  +  0  —  180",   then  E  = 

„      S  X  648000" 
degrees,  or  E  =  5 expressed  in  seconds. 

In  any  triangle  which  can  be  measured  on  the  surface  of  the  eartb,  S  is  very  small 
in  comparison  of  r^,  and  therefore  E  is  a  very  small  quantity.  (In  practice  it  seldom 
exceeds  four  or  five  seconds,  though  in  some  of  the  large  triangles  observed  in  the  west 
of  Scotland,  whose  sides  exceed  100  miles,  it  amounted  to  thirty  or  forty  seconds.) 
Hence  an  approximate  value  of  S  will  enable  us  to  compute  E  with  sufficient  pre- 
cision. For  this  purpose,  therefore,  the  triangle  may  be  regarded  as  a  plane  one  ;  and 
on  denoting  by  a,  6,  c,  the  number  of  feet  in  the  sides  respectively  opposite  to  A,  B,  C, 
we  shall  have  for  the  area,  S  =  J  a  6  sin.  G.  Substituting  this  in  the  formula  for  the 
spherical  excess,  we  get,  in  seconds, 

ah  sin.  C  x  648000 
■"  ~  2  r^  IT  ^^* 

In  order  to  compute  the  spherical  excess  of  any  triangle,  it  is  necessary  to  know 
the  value  of  r,  the  radius  of  curvdture  of  the  spherical  surface.  Now,  the  curvature 
of  the  arc  joining  any  two  stations  on  a  spheroid  varies  with  the  latitudes  of  the 
stations,  and  also  with  the  direction  of  the  arc  in  question  in  respect  of  the  meridian ; 
but  for  the  present  purpose  it  will,  in  general,  be  sufficient  to  assume  the  value  of  r, 
which  corresponds  to  the  curvature  of  the  meridian  at  the  mean  latitude  of  the 
stations,  and  even  to  suppose  it  constant  for  a  whole  series  of  triangles  contained 
between  two  parallels  of  latitude  not  distant  more  than  a  few  degrees.  If,  however, 
the  triangles  are  very  large,  it  may  be  necessary  to  compute  more  accurately ;  and  in 
such  cases  the  nearest  approximation  to  the  true  spherical  excess  will  be  found  by 
computing,  for  the  mean  latitude  of  the  three  stations,  the  curvature  of  the  meridian 
and  of  the  circle  perpendicular  to  the  meridian, 
and  taking  the  mean  of  the  two  for  the  value 
of  r;  or,  which  is  nearly  the  same  thing,  by 
computing  the  radius  of  the  vertical  circle 
which  outs  the  meridian  at  an  angle  of  45^  at 
that  mean  latitude. 

To  find  the  radius  of  the  meridian. 

Let  A  L  F  be  the  arc  of  the  meridian  passing 
through  the  station  L,  A  C  the  semi-diameter  of 
the  equator,  C  F  the  semi-axis,  L  M  the  normal 
at  L,  meeting  F  C  produced  in  N.     Assume  a  — 
OF,  6  =  A C,  and  e  =  the  elliptidty,  or  such 

that  b  —  a  {1  +  e)y  and  let  I  be  the  latitude  of  L,  and  R  the  radius  of  curvature  of 
the  meridian  at  L  ;  then 

R  =  a(l  — e+3«sin.2Q (2). 

Next,  let  B'  be  the  radius  of  curvature  of  the  arc  perpendicular  to  the  meridian  at  L; 
then  E'  =  L  N,  the  normal  extended  to  its  intersection  with  the  polar  axis.  Now 
let  n  =  L  M,  the  normal  at  L  ;  then,  by  conic  sections,  Bf  :  n  :  :h^  :  a!^ ;  whence 
R'  =  (1  +  c)'  n.  But  n  =  a(l  —  e  coBr  1} ;  therefore,  rejecting  terms  containing  the 
square  of  e,  as  insignificant,  we  find 

R'  =  a(l  +e  +  esin.2/) (3). 

qq2 
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To  find  the  carv&tare  of  the  oblique  cirole,  let  r  be  the  radias  of  ourratare  «l  ihB 
point  L  of  &  section  of  the  spheroid  containing  L  N,  and  making  with  the  meridiaa 
angle  »  0 ;  we  have  the  following  expression  found  by  Eoler  : 

RR' 

R8in.3fl  +  R'cos.2fl' 

This  last  expression  may  be  put  under  a  form  more   convenient  for  calcnlation. 

Dividing  both  terms  by  R',  substituting  1  —  sin.' fl  for  co8.20,    and  converting  the 

result  into  a  series,  all  the  terms  of  which  after  the  second  may  be  neglected,  we  get 

R'~R 
r=R(l+ — Tw— 8ln.-6) (4). 

Since  in  any  circle  the  length  of  a  degree  is  proportional  to  the  radius  (it  is  found 
by  dividing  the  radius  by  the  constant  number  57*29578),  if  we  make  M  =  the  length 
in  feet  of  a  degree  of  the  meridian  at  L,  P=the  length  of  a  degree  of  the  perpendi- 
cular arc,  and  D  =  the  degree  of  an  arc  which  makes  with  the  meridian  an  angle  ^  B^ 

we  shall  have  also 

P— M 
D  =  M  (1  +—p-  -  sin.20) (5), 

which  is  the  expression  usually  given,  and  by  means  of  which  the  length  of  the 
oblique  degree  is  found  in  terms  of  the  degrees  of  the  meridian  and  perpendicular. 

Having  computed  the  spherical  excess  B  from  approximate  values  of  the  leogthi  of 
the  sides  (obtained  by  supposing  the  triangle  a  plane  one),  the  sum  of  the  three 
observed  angles  should  be  —  180°  +  E.  But  as  every  observation  is  attended  with 
some  degree  of  uncertainty,  the  probability  is  infinitely  small  that  the  sum  will  be 
precisely  equal  to  this  quantity  in  any  case.  The  difference  (which  in  general  will 
amount  to  some  seconds)  is  the  error  of  the  observed  angles  ;  and  the  next  quefliian 
to  be  considered  is,  how  should  the  error  be  apportioned  among  the  three  anglei^  so 
that  the  probability  of  the  result  being  true  may  be  greater  than  if  any  other  mode 
were  adopted  ?  If  no  reason  exists  for  supposing  that  one  angle  has  been  determined 
more  accurately  than  another,  the  error  should,  of  course,  be  equally  divided  among 
the  three  angles ;  but  in  practice  this  is  seldom  the  case,  for  it  will  usually  happen 
that  one  or  other  of  the  angles  has  been  determined  by  a  greater  number  of  obeerra- 
tions,  or  by  observations  made  under  more  favourable  circumstances  than  the  othert, 
and  consequently  the  three  determinations  are  not  affected  with  the  same  probable 
errors.  In  the  earlier  period  of  the  Ordnance  Survey,  the  apportionment  of  the 
error  appears  to  have  been  made  in  a  manner  entirely  arbitrary,  or  at  least  aooording 
to  the  observer's  judgment  of  the  relative  goodness  of  the  observations  ;  but  this 
objectionable  practice  is  now  abandoned,  and  a  uniform  method,  founded  on  the 
theory  of  chances,  adopted.  Suppose  several  observations  to  have  been  made  of  the 
same  angle,  and  that  the  seconds  of  reading  are  /,  /',  /",  &c.,  and  let  m  be  the  average 
or  arithmetical  mean  of  the  whole  ;  then  m  —  /,  m  —  l\  m  —  /",  &c.,  are  the  errors  of 
the  individual  observations,  and  the  weight  of  the  determination,  or  of  the  average  m^ 
is  equal  to  the  square  of  the  number  of  observations  divided  by  twice  the  sum  of  the 
squares  of  the  errors.  In  this  manner  the  weigid  is  found  for  each  angle,  and  the 
error  of  the  triangle,  that  is,  the  difference  between  the  sum  of  the  three  angles  (each 
being  the  average  of  the  observed  values)  and  180° +  B,  is  divided  into  three  parts 
respectively  proportioned  to  the  reciprocal  of  the  weights,  which  parts  form  the  cor- 
rections to  be  added  to  or  subtracted  from  the  angles  to  which  they  respectiTely 
correspond.  We  have  then  three  corrected  spherical  angles,  the  sum  of  which  is 
exactly  180  +K.'  

*  The  text  from  tho  itstcri.sk  in  pupre  /iSG  to  this  U  cxtmct«tl  fn»m  the  article  'TrigotUK 
metrical  Survey,'  in  tho  EiicyclopoRdia  MctropoUt;aia.  ]>y  tho  Af»tn»noincr  Royal. 
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Having  got  thus  far,  let  us  pause  to  consider  an 
example  of  what  has  been  laid  down,  taken  from 
the  records  of  the  Ordnance  Survey. 

In  the  triangle  a*,  y,  2, — x  is  the  well-known  hill, 
Ben  Lomond,  in  Stirlingshire ;  y^  Cairns  Mulr  on 
Dough,  in  Kirkcudbright ;  and  c,  Knocklayd,  in  the 
county  Antrim,  Ireland.  The  side  3  has  been 
found,  by  previous  computation,  352,037*02  feet; 
and  the  angles  as  observed  are 

(1st  time    66''     43'     29" -97 
X    ^  2nd  time     56      43     27  '04^6= 
( 3rd  time     56     •  43     28  "72 

y       Once  only  79      42     28  '69 

i  Ist  time     43      34      38  '36 
^    i  2nd  time     43      34      35  '43 

Sum  of  all  the  angles 


Mean. 

43'    28"-58 

•69 
•89 

•16 


79 

42     28 

180 

34     36 
0     34 

The  spherical  excess  must  now  be  computed  by  the  rule  already  given,  as  follows  : 
Having  the  three  angles  and  one  side  (it  being  remembered  that  for  this  purpose 

we  calculate  only  approximately  and  consider  the  triangle  a  plane  one)  we  obtain,  by 

ordinary  trigonometrical  formuhe, 

X  =  426,960-0  feet,     y  =  502,470*0  feet. 

The  mean  latitude  of  the  triangle  is  55''  40',  which  will  be  represented  by  I  in  the 
before-given  formulae  (2,  3,  and  4),  and  the  quantities  a  and  e  are  assumed  from 
astronomical  data. 

a  =  half  the  polar  axis  =  20,852,394  feet, 
&  -  a  1 


e  = 


a 


=  •003322. 


~  301  •0-26 

Hence  by  formuloe  2,  3,  and  4, 

R  =  20,924,824,     R'  =  20,968,900,     and  >•  =  20,946,814. 
Having  thus  the  value  of  ?*,  we  may  apply  formula  1,  which,  using  logarithms, 
becomes  ' 

Log.  E  =  log.  X  -r  log.  y  +  log.  sin.  z  4-  0*37116 
=  1-54108.     So  that 
E  =  34" -760. 

Deducting  this  quantity  from  the  sum  of  the  three  angles  as  found  above,  viz., 
180"  0'  34''a6,  we  have  the  remainder  179"  59'  59"'40,  which  falls  short  of  180"  by 
0"'60,  which  is  therefore  the  error  of  the  triangle. 

To  apportion  this  error  by  the  rule  already  given,  — the  angle  x  has  been  three 
times  observed,  and  its  mean  value  is  56"  43'  28" '58  ;  deducting  each  observation 
from  tills  mean,  we  get  the  several  errors  +  1*39,  —  1^54,  +  0'14,  and  their  squares 
1^9321,  2^3716,  and  0-196  :  the  sum  of  the  squares  =  4-3233.  Then  the  square  of 
the  number  of  observations  divided  by  twice  the  square  of  the  sum  of  the  errors 
=  9  -^  8-6466  =  1-041,  the  weir/kt,  the  reciprocal  of  which  is  '961. 

The  angle  y  is  but  once  observed,  and  the  weight  is  assumed  as  '1,  the  reciprocal 
of  which  is  10. 

Proceeding  with  the  angle  z  as  *.vith  the  angle  x,  we  get  its  weight  =  '4660,  and 
the  reciprocal  thereof  2-146. 

We  must  now  divide  the  error  (0"*60)  of  the  triangle  in  the  proportion  of  the 
reciprocals  of  the  weights  ;  and  thus  the  error  of  x  becomes  +  0''-04,  of  y,  +  0"'46, 
and  of  z,  +0'''10  ;  and  the  corrected  angles  become 
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X 

=  56« 

43' 

28" 

•62 

y 

=  79 

42 

29 

•15 

z 

=  43 

84 

36 

•99 

and  their  sum  180        0     34  •76,  that  is  to  say  180^  +  £. 

Haying  now  the  three  corrected  spherical  angles  and  one  spherical  side,  we  maj 
compute  the  remaining  sides  by  three  different  methods,  viz. 

1.  By  the  formals  for  spherical  trigonometry. 

2.  By  finding  the  chord  of  the  given  side  or  arc,  and  dedacing  from  the  spherical 
angles  the  angles  formed  by  the  chords ;  then  computing  the  two  unknown  chords 
by  plane  trigonometry,  and  converting  them  into  parts  of  tlie  circle. 

3.  By  Legendre's  method,  which  is  as  follows  :  From  each  of  the  angles  (corrected 
as  above)  of  the  triangle  deduct  Jrd  of  the  spherical  excess ;  then  the  sines  of  the 
angles  so  diminished  will  be  proportional  to  the  lengths  of  the  opposite  sides  (azoi^ 
not  chords). 

The  second  method  was  for  a  long  time  used  in  the  calculations  of  the  Ordnance 
Survey ;  but  it  has  of  late  been  superseded  by  Legendre^s  simpler  method.  Lei  us 
proceed  with  our  example  accordingly. 

One-third  of  the  spherical  excess  we  soon  find  to  be  11^*5 86,  which,  deducted  from 
each  of  the  corrected  angles,  leaves 

a;  -  J  E  =  56"  43'  17"-04 
y-JE  =  79  42  17*56 
z  -  J  E  =  43      84     25  -40 

The  side  z  already  known  =  350,057*62,  and  with  these  data,  by  the  proportion  of 
the  sides  to  the  sines  of  their  opposite  angles,  we  get 

a;  =  426,974-06  feet, 
^  =  602,504-42  feet, 
and  the  triangle  is  solved. 

^Vhen  the  heights  of  stations  are  required  with  extreme  accuracy,  there  is  no  leas 
laborious  method  than  that  of  ascertaining  them  with  reference  to  a  datum  point 
by  means  of  the  spirit-level,  because  the  amount  of  refraction  at  any  given  time  and 
place  is  so  uncertain,  that  results  obtained  through  angles  of  elevation  or  depression 
will  be  only  approximations  to  the  truth.  Many  reasons  may,  however,  make  it  de- 
sirable to  obtain  these  approximations,  and  the  following  is  the  method. 

At  present  it  is  the  practice  to  take  depressions  and  elevations  to  the  base  of  the 
pile,  otherwise  a  correction  would  have  been  necej^sary  for  the  height  to  which  the 
telescope  was  directed  above  the  station.  But  as  the  centre  of  the  instrument  must 
always  be,  from  its  construction,  four  or  five  feet  above  the  station,  a  reduction  to  the 
centre  is  unavoidable.  The  reciprocal  angles  from  any  two  stations  A  and  B  haTing 
been  thus  reduced  by  the  common  rule,*  and  the  distance  A  B  being  known  from 
the  triangulation  in  feet  and  seconds,  we  estimate  the  refraction  by  the  following 
formulaj : 

Let  d  =  the  observed  depression  at  a, 

<•  =         >»  >»  »»  ^1 

C  =  arc  A  1\  in  fccconJs, 

r  =  the  mean  refraction, 

<p  =  the  difference  of  altitude  between  A  and  B  in  seconds, 

<p'  =  same  difference  in  feet  j 


♦  Given  in  all  book;^  on  the  aijplication  of  trigonometry  to  the  finding  of  heights  and 
di.itanccrt. 
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theiir«l{C  -(d  +  d')} 
^  =  40  -  (d  +  r) 
4>'  =  A  B  (in  feet)  x  ^  sin.  1". 

If  one  of  the  stations  is  elevated,  then  d  or  d',  as  it  may  be,  must  be  taken  negatively. 

Before  the  latitudes  and  longitudes  of  the  stations  can  be  computed  from  the  geo- 
detical  observations,  it  is  necessary  that  the  latitude  of  at  least  one  station,  and  the 
inclination  to  the  meridian  of  one  side,  should  be  determined  by  astronomical  means. 
These  obtained,  the  following  rule  given  by  the  Astronomer  Royal,  and  now  extracted 
from  Colonel  Tolland's  (R.E.)  account  of  the  measurement  cf  the  Lough  Foyle  base, 
suffices  to  find  the  latitudes,  longitudes,  and  azimuths  for  a  series  of  stations. 

Let  P  be  the  pole  of  a  fictitious  sphere,  A  P  and  B  P  the  co- 
latitudes  of  the  two  stations,  B  6  an  arc  of  a  great  circle  perpen- 
dicular to  the  meridian  A  P,  B  h^  an  arc  of  parallel,  A  B  the 
distance  in  feet  between  the  two  stations,  and  P  A  B  the  azimuthal 
bearing  at  A  of  the  station  B  ;  then  the  several  steps  of  the 
formulas  are : 

1st.  Convert  A  B  into  seconds  of  arc,  using  any  approximate 
radius;*  then  solve  A  B  6  as  a  spherical  triangle  right* angled  at 
b,  by  spherical  trigonometry,  having  the  side  A  B  and  the  angle 
at  A  given. 

2nd.  Apply  the  arc  A  6  so  found,  with  the  proper  sign,  to  the 
oo-latitude  of  the  station  A,  for  the  resulting  co-latitude  of  the 
point  6. 

8rd.  Solve  the  triangle  P  6  B  right-angled  at  6,  by  spherical 
trigonometry,  having  P  6  and  h  B  given,  from  which  will  result 
the  co-latitude  P  B  of  the  station  B  or  (^  and  the  difference  of 
longitude  =  the  angle  A  P  B  on  the  fictitious  sphere. 

4th.  Take  the  difference  A  6^,  expressed  in  seconds,  in  the  latitudes  of  the  stations 
A  and  B  or  6^,  and  convert  it  into  feet  by  the  approximate  radius  previously  used, 
and  then  convert  the  distance  in  feet  so  found  into  seconds  of  the  earth's  surface  on 
the  meridian,  t  which  will  give  the  true  difference  of  latitude  between  those  two  points 
on  the  assumed  figure  of  the  earth. 


*  Colonel  Yolland  remarks,  "  It  was  found  that  tho  normal,  or  r.wiiua  of  curvature  perpcu- 
dicular  to  tho  meridian  for  the  latitude  of  tho  given  station,  must  be  used  in  the  detormination 
of  that  of  tho  second  station,  and  the  normal  for  the  latitude  of  tho  second  in  tho  determina- 
tion of  that  of  the  third,  and  so  on,  instead  of  using  any  ojtproximatt  radios.  It  was  also  seen 
that,  in  addition  to  obtaining  accurate  results,  the  calculations  might  be  materially  abridged 
by  using  the  normal,  as  it  then  became  unnecessary  to  convert  the  difference  of  longitude  on 
the  assimied  or  fictitious  sphere,  to  the  corresponding  diflferonco  on  the  sjjheroid,  in  conse- 
quence of  tho  difference  of  tho  logarithms  of  the  nonuiils  of  the  stations  A  and  B  on  tho 
spheroid  being  nearly  identical  with  the  difference  of  the  logarithms  of  the  cosines  of  tho 
latitude  of  B  on  the  fictitious  sphere  and  on  tho  spheroid,  and  hence  that  the  angle  P,  as  found 
in  the  third  step,  gave  at  once  the  difference  of  longitude,  without  working  out  the  length  of 
the  arc  of  parallel  B  6i ;  thus  saving  tho  labour  of  taking  o»it  all  the  logarithms  and  natural 
numbers  required  for  the  fifth  step  of  tho  process,  which,  when  great  jvccuraoy  is  required,  is 
a  most  tedious  and  troublesome  computation.  But  this  step  cannot  l)o  omitted  if  any  other 
approximatt  radiv^  be  substituted  instead  of  tho  normal  for  the  Latitude  of  the  station  A." 

t  The  length  of  the  radius,  in  any  circle,  is  eqmd  to  the  length  of  67  •2957795  degrees  mea- 
sured on  the  circumference  of  that  circle ;  hence  the  radius  of  curvature  bomg  known,  tho 
length  of  the  degree  can  be  found.  It  will  facilitate  computations  if  before  commencing  them 
Tables  bo  prepared  of  tho  Arithmetical  Complements  of  the  Logarithms  of  the  number  of  feet 
in  a  second — 1st,  on  tho  meridian  ;  2nd,  on  tho  perixsndicular  circle ;  and  Srd,  on  the  circlo 
inclined  45'  to  tho  meridian — for  every  10'  of  latitude  within  the  compass  of  tho  Survey. 
Tables  of  this  kind  have  boon  computed  at  the  Ordnance  Map  OflBco,  for  the  latitudas  in  Great 
Britain  and  Ireland. 
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5th.  Then  compute  Bb^  in  seconds  =P  x  sin.  6P,  and  convert  this  value  into  feet 
with  the  assumed  ai^proximiite  radius,  and  again  into  seconds  of  longitude,  by  using 
the  spheroidal  radius  of  parallel  for  the  latitude  of  B  or  6^ ;  in  other  words,  convert 
the  length  of  B  b^  from  feet  to  seconds  of  longitude,  by  dividing  by  the  radius  of 
curvature  perpendicular  to  the  meridian  for  the  latitude  of  B  x  the  cos.  of  the  latitude 

of  B  X  sin.  1 '. 

Cos^PAj-rB 
PAB+PBA  2  APB 

6th.     Tang.  ^  =Cos.rA^P"B'    ^''^'  "Y"' 

2 
from  which  P  A  B  +  P  B  A  are  obtained,  and  by  subtracting  the  given  angle,   P  A  B, 
the  required  azimuth  of  the  first  station  at  the  second  is  found  =  PBA. 

It  is  in  the  verification  of  the  results  obtained  by  the  above  formula)  that  the  zenith 
distances  obtained  by  the  sector  are  useil. 

When  the  length  of  an  arc  of  a  great  circle  is  to  be  measured  on  the  earth's  sur- 
face, the  amplitude  of  the  celestial  arc  of  meridian  is  obtained  by  means  of  the  sector. 
The  line  selected  for  the  terrestrial  measurement  should  be  such  as  to  give  no  cause 
to  apprehend  inaccuracy  through  irregular  local  attraction.  A  series  of  principal  tri- 
angles is  carried  along  the  line  so  selected,  and  it  is  advisable  to  verify  the  work  by 
measuring  as  a  base  a  side  of  one  of  the  terminal  triangles.  The  triangles  having  been 
computed,  and  the  bearing  of  their  sides  from  the  meridian  or  its  parallel  being  known, 
the  distances  on  the  meridian  may  be  found  by  right-angled  spherical  trigonometry', 

and  the  sum  of  these  distances  is  the  }       "S  ^    [  ^f  ^jjg  required  meridional  arc. 

(  measure  )  * 

By  a  similar  process,  the  length  of  the  arc  of  a  gi'eat  circle  perpendicular  to  the 
meridian  may  be  obtained,  and  from  it  the  length  of  the  degree  of  longitude  at  any 
latitude  on  the  measured  arc* 

The  computaiioii  of  distances  for  the  detail  survey  from  the  secondary  triangu- 
lation, — If  the  grand  triangulation  have  been  properly  executed,  the  sides  of  the 
great  triangles  will  furm  so  many  checks  on  the  minor  distances  to  be  computed  from 
the  secondary  triangulation,  that  the  risk  of  error  will  be  very  small  indeed ;  and, 
should  an  error  occur,  it  cannot  cause  moro  inaccuracy  than  tlie  misplacement  of  one 
or  two  i»oints.  In  theory,  the  ruks  which  have  been  mentioned  as  applied  for  the 
coinpuUition  of  the  greater  triangles  are  equally  applicable  to  that  of  the  less;  but  aa 
the  dibtancos  become  shorter,  it  will  be  found  that  the  necessity  for  taking  into  con- 
sideration the  figure  of  the  earth  becomes  less  apparent,  and  when  the  triangles  at 
length  become  very  small,  the  spherical  excess  is  scarcely  appreciable,  and  they  may 
be  solved  by  plane  trigonometry.  The  api>ortionment  of  the  error  of  observation 
among  the  three  angles  shmld,  however,  always  be  made  according  to  the  rule  above 
given,  whether  the  triangles  bo  Lirge  or  small. 

Perambulation  and  notation  of  jmblic  boundaries. — Before  commencing  the  detail 
survey  of  a  district,  it  is  necessary  to  ascertain  and  shew  on  a  skeleton  map  the  exact 
line  of  such  public  boundaries  as  are  to  be  delineated  on  the  finished  plan,  in  order 
that  the  person  in  charge  of  the  surveying  party  may  take  care  that  all  parts  of  it, 
whether  indicated  by  easily  recognisable  objects,  such  as  hedges,  walls,  streams,  i;o., 
or  following  a  line  undefined  on  the  ground,  shall  be  precisely  surveyed,  and  that  the 
correctness  of  the  map  shall  not  afterwards  be  disputed. 

The  perambulator  should   be  instructed   by  a  person  well  ac(|uaintcd  with  the 


*  Tho  lenprth  of  the  de^frcc  «»f  longitiKlo  is  fu\in<i  by  multiplying  the  defcTco  of  the  iwrpen- 
dicular  circle  l«y  thy  cosine  «tf  the  lutltu-l 
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boondaiy  to  be  noted ;  and  this  person  should  be  appointed  by  the  local  aathorities, 
or  delegated  by  the  persons  most  interested  in  the  just  definition  of  the  boundary ; 
and  when  there  are  conflicting  interests  separated  by  the  boundary,  each  interest 
ouglit  to  be  represented  by  one  or  more  persons. 

The  perambulation  is  commenced  at  some  remarkable  or  well-defined  point ;  and 
a  series  of  straight  lines  passing  as  near  as  possible  to  the  actual  boundary  and 
parallel  to  its  general  direction,  measui'ed  with  the  chain,  and  offsets  taken  from  them 
to  all  the  curves  and  angles  of  the  boundary.  When  a  trigonometrical  station,  or 
some  remarkable  object  sure  to  be  accurately  fixed,  is  within  reasonable  distance  of 
the  chained  lines,  it  is  expedient  to  take  an  offset  to  it. 

The  boundary  remark-book  is  kept  much  in  the  same  manner  as  an  ordinary  content 
field-book.  The  names  of  proprietors  on  either  side  of  the  boundary  are  shown  in  it, 
and  remarks  setting  forth  all  customary  or  legal  rights  touching  the  ground  over  which 
it  runs  should  be  entered.     These  remarks  should  be  full  and  precise. 

In  general,  county  or  parish  maps  can  be  procured,  from  which  to  construct  the 
skeleton  map,  and  in  such  cases  only  the  measurement  should  be  conducted  as  above 
described.  But  where  no  moderately  good  map  is  available,  the  perambulator  must 
traverse  the  boundary  with  the  theodolite  ;  and  the  skeleton  map  will  be  made 
entirely  from  his  work. 

When  there  is  a  disagreement  as  to  the  right  direction  of  the  boundary  line, 
which  disagreement  cannot  be  adjusted  on  the  ground  by  the  umpires  or  meresmen, 
the  perambuhitor  will  ascertain  the  lines  according  to  each  claim,  and  note  them  in 
his  book ;  and  he  will,  further,  draw  up  a  report  of  the  claims  and  arguments  on  both 
sides,  and  of  the  names  of  such  witnesses  as  can  speak  to  the  matter,  in  order  that 
the  proper  survey  officer  may — if  he  shall  fail  in  inducing  the  parties  interested  to 
bring  their  differences  to  issue — be  enabled  to  collect  information  whereby  to  decide 
the  fair  line  for  the  purposes  of  the  survey. 

The  skeleton  map  exhibits  simply  the  line  of  boundary,  and  the  objects  distant  a 
few  feet  on  each  side  of  it.  The  ordinary  distances  and  notes  from  the  boundary 
remark-book  are  shewn  on  it  by  figures  and  abbreviations,  and  particular  remarks  are 
either  written  on  some  part  of  the  map  near  to  the  portions  of  boundary  to  which 
they  refer,  or  detailed  on  a  separate  paper,  and  referred  to  their  proper  positions  by  a 
mark  or  letter.  The  scale  for  these  maps,  as  used  on  the  Ordnance  Survey  of  Great 
Britain  (it  is  found  very  convenient),  is  12  chains  to  the  inch. 

Detail  Survey. — On  entering  on  the  survey  of  a  district,  the  superintendent  of 
surveyors  is  supplied  with  a  rough  diagram  of  the  points  fixed  by  the  secondary 
triangulation  (but  shewing  no  distances  nor  angles),  and  with  the  boundary  sketch  (or 
skeleton)  maps  belonging  to  his  work. 

He  arranges  his  triangles  for  survey  with  a  view  to  local  convenience,  taking  care, 
however,  that  their  angles  are  not  extremely  obtuse  nor  acute,  and  that  their  sides 
are  not  very  much  disproportioned.  Having  done  this,  he  allots  a  triangle  to  each 
surveyor  of  his  party.  The  surveyors  in  any  two  adjacent  triangles  arrange  between 
them  which  shall  measure  their  common  line.  Each  then  proceeds  to  measure  the 
sides  of  his  triangle,  and  then  divides  and  measures  the  interior  by  such  lines  as 
are  best  calculated  for  obtaining  quickly  and  accurately  the  detail  within  it.  For 
the  scale  of  six  inches  to  a  mile,  on  which  the  maps  of  the  Ordnance  Survey  are 
now  drawn,  no  sketching  whatever  is  allowed,  neither  is  the  direction  of  any  line 
allowed  to  depend  on  an  angular  bearing,  but  every  line  is  adequately  checked  by 
other  lines. 

It  was  for  a  long  time  the  practice  to  level  the  sides  of  the  triangles,  then  to  chain 
to  the  surface  of  the  ground,  and  reduce  the  measured  length  to  the  horizon.     Bat  of 
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Ute  it  has  been  found  equally  oorreot  and  more  expeditions  to  dispense  with  tbe 
leyelling,  and  to  cause  the  snryeyor  to  stratoh  bis  chain  always,  as  near  as  be  eaa 
judge,  parallel  to  the  plane  of  the  horiion ;  and  then  to  find,  by  a  plummet  let  £aU 
from  any  of  its  diyisions,  the  distance  on  the  inclined  surface.  Thus  the  field-book 
requires  no  correction. 

A  chain's  length  should  be  laid  o£f  from  a  standard  at  some  eonyenient  place  where 
the  party  assemble  before  going  to  work,  and  every  chain  tried,  and  corrected,  if 
necessary,  in  the  morning  before  it  is  used.  The  adjustments  of  the  theodolites  and 
levels  should,  in  like  manner,  be  tested  every  day  before  they  are  used. 

Every  surveyor  dates  his  day's  work  in  the  field-book,  and  at  some  convenient  spot 
on  every  page  collects  the  total  length  of  lines  and  ofiets  contained  in  it.  The 
amount  is  carried  over  and  added  to  that  of  the  next  page,  and  so  on,  to  the  end  of 
the  day's  work. 

All  erasures  in  the  field-book  with  a  knife  are  forbidden. 

No  work  is  allowed  to  be  entered  in  pencil. 

For  the  six-inch  to  a  mile  scale  no  offset  may  amount  to  a  chain  in  length,  and  for 
other  scales  the  limitation  shoald  be  proportional. 

The  average  daily  progress  of  a  good  surveyor  in  England,  surveying  for  the  six-inbh 
to  a  mile  scale,  is — 

With  one  Chain-man. 

Close  large  village about    5  acres. 

Villages  and  surrounding  fields,  ke »»     1^      n 

Close  country,  gentlemen's  houses  and  demesnes,  &c.         .        >»     20      „ 
Medium  country,  ordinary  fields,  and  scattered  farms  .     .     30  to  82      „ 
Open    moorland  with  roads,   streams,   boundaries,   car- 
tracks,  &c.    {No  fields.) 55      ,, 

Traverse  surveying,  and  the  determination  of  distances  by  the  small  instruments^ 
are  never  resorted  to  when  the  triangular  and  actual  measurement  can  possibly  be 
applied. 

The  system  here  described  can  be  carried  out  in  the  survey  of  a  large  town.  The 
directions  of  all  the  lines  are  ascertained  by  an  instrument,  and  marked  on  the  walla 
and  pavements  for  the  guidance  of  the  surveyor.  This  should  be  done  by  the  non- 
ooramissioned  officer  in  charge  or  some  trustworthy  person.  Where  the  direct  line 
is  impracticable,  the  surveyor  measures  on  a  parallel  line.  If  to  be  laid  down  on  a 
large  scale,  such  a  survey  will  require  very  great  care.  Liverpool  was  surveyed  in  this 
way  for  the  scale  of  five  feet  to  the  mile.  Different  officei-s  may  prefer  different 
modes.  Manchester,  for  instance,  was  divided  into  blocks  of  houses,  so  that  the 
bounding  lines  of  each  block  mi^ht  fall  in  a  street  or  alley,  and  thus  be  com- 
paratively convenient  to  measure. 

The  division  of  the  survey  into  sheets  or  plans  and  the  means  of  preserving  coincidence 
of  the  common  lines. — As  a  boundary  line  for  a  plan  or  division  of  the  map,  a  series 
of  sides  of  secondary  triangles  is  preferable  to  a  townland  or  parish  boundary ; 
because  any  two  sheets  have  thus  for  their  common  boundary  straight  lines,  and 
moreover,  the  extremities  of  these  lines  are  trigonometrical  points,  which  can  be  hud 
down  with  equal  exactno^s  on  both  sheets.  The  detail  of  the  country  on  the  two 
sides  of  these  common  lines  will  thus  be  plotted  either  by  different  persons  or  at 
different  times ;  and  to  insure  exact  coincidence  of  all  the  points,  the  line,  with  a 
small  extent  of  the  detail  on  one  side  of  it,  is  first  traced  from  one  of  the  plana,  and 
the  trace  is  then  applied  to  the  same  line  on  the  other  plan  ;  if  any  disagreement  be 
perceived,  the  cause  is  immediately  sought  for  in  the  field-books  and  plotting,  and 
adjusted.    Supposing  the  common  line  to  separate  not  only  two  plans,  bat  likewise 
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the  work  of  two  different  officers,  atationed  in  different  places,  the  trace  with  the 
work  of  one  of  them  shewn,  Bt^  in  blue,  may  easily  be  transmitted  to  the  other,  who 
will  trace  his  side  in  red  or  some  other  colour  :  the  smallest  difference  thns  becomes 
apparent.  The  arrangement  here  described  has  reference  only  to  the  constrticlion  of 
the  maps  ;  of  course  when  they  are  printed,  it  will  be  on  sheets  containing  each  an 
equal  area. 

The  search  after  names,  arid  determination  of  their  orthography. — According  to 
the  scale  of  the  map,  it  must  be  determined,  before  beginning  to  draw,  of  what  objects 
it  will  be  practicable,  consistently  with  a  due  regard  to  clearness,  to  insert  the 
names.  An  uniform  rule  must  of  course  be  followed  throughout  the  work.  The 
perambulators  and  surreyors  should  be  ordered  to  collect  as  many  local  names  as  they 
can  without  hindrance  to  their  other  duties,  and  to  forward  with  their  field-books  a 
list  of  the  names  and  a  brief  description  of  the  spaces  or  objects  to  which  they  belong. 
These  lists  serve  as  guides  to  the  persons  sent  expressly  to  ascertain  correct  names 
and  orthographies.  Land-owners,  clergymen,  and  such  other  persons  as  from  pro- 
fessional opportunities  or  antiquarian  or  local  knowledge  are  competent  to  give 
opinions  on  these  points,  will  be  requested  to  write  and  sign  what  they  consider 
necessary  touching  the  orthography,  derivation,  and  application  of  names.  From 
records  such  as  these,  a  choice  of  the  mode  of  spelling  will,  in  most  instances,  be  easily 
made ;  but  in  some  cases  it  will  be  necessary  to  refer  to  men  who  have  studied  the 
ancient  and  provincial  dialects  of  the  districts  in  which  the  names  occur.*  Besides 
the  objects  which  belong  to  the  present  l^^e,  it  is  highly  desirable  to  shew,  on 
a  general  map,  remains  and  sites,  also  battle-fields, — spots  where  Interesting  events 
have  occurred,  &c. 

The  plotting  of  distances,  and  detail  on  paper, — The  trigonometrical  points  should 
be  laid  down  on  the  sheet  to  be  plotted,  by  a  non-commissioned  officer  or  superior 
draftsman,  who  will  see  that  each  point  is  in  its  exact  position  with  relation  to  all 
the  other  iK>ints  on  the  sheet.  The  plotting  will  need  very  little  description,  as  so  far 
from  being  more  difficult  than  in  ordinary  surveys,  it  will  be  found,  by  reason  of  the 
trigonometrical  system  according  to  which  the  survey  is  made,  the  easiest  possible. 
There  is  no  need  of  the  protractor — all  the  lines  fit  into  their  places  and  check  each 
other,  and  the  detail  is  laid  down  very  simply. 

The  plotter  should  be  required  to  bring  to  the  notice  of  the  superintendent  all 
errors  in  the  field-book,  and  all  cases  where  the  surveyor  has  departed  from  the 
regulations,  in  the  too  great  lengths  of  his  offsets,  in  not  sufficiently  checking  his  lines, 
in  making  erasures  in  his  book  with  a  knife,  &c. 

The  examination  on  the  ground. — After  the  detail  of  a  plan  has  been  plotted  in 
pencil,  it  is  traced  off  in  portions  convenient  for  a  sketching  portfolio,  and  given  to 
field  sk etchers,  or  examiners,  to  be  taken  to  the  field  and  rigorously  examined,  and, 
if  necessary,  corrected.  The  examiner  should  always  have  a  chain  and  offset-staff 
with  him.  He,  besides  ascertaining  the  accuracy  of  the- trace,  shews  on  it  the  detail 
in  its  proper  characters,  and  gives  full  information  to  the  draftsman,  who  is  to  pen  in 
and  ornament  the  plan. 

T/te  drawing,  lettering,  and  ornamenting. — These,  like  the  plotting,  are  operations 
so  well  understood,  that  it  is  unnecessary  to  say  much  here  concerning  them,  except 
as  regards  the  system,  according  to  which,  in  extensive  operations,  they  ought  to  be 
regulated.     The  features  of  the  ground,  on  the  Ordnance  Map,  used  till  very  lately 


•  The  writer  would  lay  stress  on  the  propriety  of  employing,  for  tho  colloctiou  of  ortho- 
graphies, men  fitted  by  education  and  intelligence  for  tho  duty :  the  attempt  to  do  the  work 
iiuchanieally,  by  employing  illiterate  persons  guided  by  fixed  rules,  will  bo  found  very  imsatis- 
factory,  and,  in  the  end,  far  from  economical. 
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to  be  shewn  by  portraiture  on  the  '  light  and  shade '  principle,  very  skilfully  executed, 
and  giving  the  maps  a  beautiful  appearance.  This  mode  has,  however,  now  been 
changed  for  the  exhibition  of  the  levels,  by  means  of  horizontal  contours  at  25  feet 
vertical  intervals — a  style  less  appreciable  by  the  eye,  but  having  the  advantage  of 
giving  the  accurate  altitudes  and  slopes  of  the  country,  whereby  the  practicability,  or 
proper  direction  of  roads,  canals,  railways,  &c.,  may  be  readily  decided  on  ;  and  thus 
forming  a  most  important  and  valuable  aid  in  the  projection  of  public  works.  Certain 
symbols  (see  '  Topographical  Hieroglyphics,*  vol  i.  part  2)  should  be  adopted  for  the 
representation  of  objects  of  frequent  occurrence.  The  systematic  use  of  the  different 
print  hands,  in  the  names,  may  be  made  a  means  of  indicating  to  some  extent  the 
nature  of  the  object.  Thus  the  names  of  counties,  ridings,  hundreds,  parishes,  town- 
ships, &c.,  should  be  written  always  in  uniform  characters ;  churches,  gentlemen's 
seats,  demesnes,  antiquities,  works  of  art,  &c.,  the  same  ;  and  ranges  of  hills,  single 
features,  &c.,  each  kind  in  appropriate  type.  The  ornamenting  should  be  arranged 
with  a  similar  view  ;  and  roads,  woods,  sands,  ravines,  parks,  pleasure-grounds,  &c., 
be  all  uniformly  represented. 

Contouring  is  already  described  in  vol.  i.,  and  Levelling  in  voL  ii. 

The  computation  of  areas. — When  the  areas  of  the  public  divisions  of  a  country  are 
required  from  a  trigonometrical  survey,  it  will  be  advisable  to  ascertain  them  in  two 
different  ways — first,  by  computing  the  areas  of  the  triangles  whose  sides  most  nearly 
coincide  with  the  areas  of  such  divisions,  and  adding  or  deducting  the  irr^olar 
figures  which  may  be  interposed  between  the  boundary  and  the  sides  of  the  recti- 
linear figures.  This  computation  ought  to  be  made  in  duplicate  ;  and,  to  prevent  the 
risk  of  collusion,  it  is  better  that  the  two  persons  who  make  it  do  not  reside  in  the 
same  town.  Their  computations  can  afterwards  be  compared,  step  by  step,  and 
disagreements  be  investigated  and  adjusted.  The  other  way  is  by  measuring  with  a 
computing  scale  or  other  instrument  the  different  areas  on  the  plan  or  map.  This 
mode  is  of  course  less  accurate  than  the  former,  but  it  forms  an  excellent  check,  and 
should  not  be  omitted. 

Engraving,  printingj  and  publication. — On  the  Ordnance  Survey  of  Great  Britain 
the  maps  are  engraved  and  printed  under  the  superintendence  of  the  Director. 
Ingenious  machines  have  been  invented  for  laying  down  the  trigonometrical  points  on 
copper,  and  for  mling  the  lines  of  even  shades  such  as  are  used  for  buildings. 
The  last  improvement  in  these  was  made  by  Colonel  Yolland,  R.£.  It  is  unnecessary 
in  this  place  to  give  a  description  of  these  operations.  For  the  sale  of  the  maps, 
agents  are  selected  by  the  Ordnance  in  the  metropolis  and  principal  towns,  to  whom 
25  per  cent,  profit  is  allowed  on  the  price  paid  by  the  public.  The  maps  hitherto 
published  on  the  scale  of  1  inch  to  a  mile  have  been  of  different  sizes  in  different 
parts  of  the  kingdom  ;  and  it  is  obvious  that  the  quantity  of  labour  spent  in  this 
preparation  cannot  be  the  same  for  all,  even  if  there  were  no  variation  in  size. 
They  were,  therefore,  originally  published  each  at  a  cost  proportioned  to  t!ie  expense 
of  preparing  it.  Since,  however,  the  art  of  electrotype  has  become  available  for 
the  renewal  of  the  plates,  it  has  been  determined  that  28.  the  sheet,  or  6d.  the 
quarter-sheet,  shall  be  the  price  for  all  the  work.  It  is  moreover  determined  that 
the  sheets  on  this  scale  shall  henceforth  contain  a  fixed  area  of  864  square  miles. 

The  sheets  on  the  scale  of  6  inches  to  the  mile  contain  each  24  square  miles,  and 
are  published  at  the  price  of  58.  each,  but  it  is  believed  that  a  reduction  of  this  price 
is  contemplated. 
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FORCE   AND    ORGANIZATION    OF   THE    ORDNANCE   SURVEY    OF 

GREAT    BRITAIN    AND    IRELAND. 

The  force  employed  on  the  Ordnance  Survey  of  Great  Biiiain  and  Ireland  is  partly 
military  and  partly  civil.  The  Ordnance  Map  Office,  or  office  of  the  chief  officer, 
which  is  the  head -quarters  of  the  Department,  is  stationary,  and  at  present  fixed  at 
Southampton.  Besides  the  business  belongiDg  to  the  general  superintendence,  and 
the  diagrams  and  computations  of  the  trigonometrical  department,  the  engraving  and 
printing  for  Great  Britain  are  executed  here  ;  and  here,  too,  are  the  principal  stores 
of  the  Survey.  While  the  survey  of  Ireland  was  in  progress,  there  was  a  head-quarter 
office  in  Dublin  ;  and  though  Southampton  is  now  the  head-quarters  for  both  islands, 
the  engraving  and  printing  of  the  Irish  plans  are  still  executed  in  Dublin,  and  the 
documents  and  plates  of  the  Irish  Survey  are  there  preserved  in  a  fire-proof  building. 
The  Officers  in  the  field  hire  temporary  offices  in  towns  convenient  for  their  work. 
Each  Officer  constructs  in  his  own  office  the  maps  of  the  country  surveyed  by  his  field 
parties,  and,  when  they  are  finished,  transmits  them  with  the  field-books,  sketch 
maps,  and  all  documents  connected  with  them,  to  head-quarters  to  be  engraved. 
Thus  there  is  a  field  and  an  office  force  attached  to  each  division. 

Direction, — An  Officer  of  the  Eoyal  Engineers,  receiving  his  appointment  and 
instructions  from  the  War  Department,  through  the  Inspector-General  of  Fortifications, 
conducts  the  Ordnance  Survey  with  the  official  style  of  Director.  He  regulates  the 
whole  of  the  operations  connected  with  the  undertaking,  from  the  measurement  of 
the  base  to  the  completion  and  publication  of  the  maps.  He  commands  the  military 
companies  employed  on  this  service,  and  controls  the  civil  branch  in  all  matters 
affecting  the  work.  He  demands  from  the  Inspector-General  the  number  of  Officers 
required  to  assist  him,  according  to  the  duties  in  progress  and  the  proficiency  of  the 
non-commissioned  officers  and  other  assistants.  The  interior  economy  of  his  depart- 
ment is  ordered  entirely  by  his  discretion,  his  expenditure  being  limited  by  an  annual 
parliamentary  grant. 

The  Organization  is  throughout  according  to  a  military  principle,  and  though  the 
assistance  of  civilians  is  largely  made  available,  it  is  simply  to  serve,  so  to  speak,  as 
muscles  for  the  military  skeleton.  No  branch  of  the  duty,  however  inferior,  is  per- 
formed entirely  by  civilians  or  without  the  supervision  of  some  responsible  soldier  ; 
and  the  conduct  of  all  the  operations  is  within  the  control  of  the  Mutiny  Act  and 
Articles  of  War. 

Assistant  Officers  have  charges  assigned  to  them  in  the  different  departments  of 
the  Survey — 

One  or  more  being  employed  to  assist  the  Director  ; 

One,  at  the  least,  to  direct  the  trigonometrical  operations  ; 

One  for  the  boundary  department ; 

One  for  contour  levelling  ; 

One  for  each  division  of  the  detail  survey. 

Their  number  is  by  no  means  constant,  but  is  regulated  by  the  extent  of  ground 
under  survey,  and  by  the  degree  of  proficiency  of  the  non-commissioned  officers.  For 
instance,  till  very  lately,  one  Officer,  if  not  two  Officers,  was  always  present  with  each 
great  instrument ;  now,  the  non-commissioned  officers  are  so  well  instructed  that  they 
can  observe  as  correctly  as  their  superiors,  and  the  constant  presence  of  an  Officer  ia 
no  longer  necessary. 
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The  miUtary  force  \b  divided  into  sectioni,  each  of  a  ttrengUi  laffieient  for  the 
entire  direction  and  snpervisinn,  and  for  the  partial  execution  of  the  datj  allotted  to 
it.  The  Captain  and  Subaltema  of  a  company  are  very  seldom  stationed  in  the  same 
place,  and  the  strength  of  the  detachment  with  each  Officer  is  proportioned  not  to  hii 
rank,  but  to  the  exigencies  of  the  service  on  which  he  is  employed. 

The  non-commissioned  officers  onght  to  be  most  carefully  selected,  and  employed 
with  regard  to  the  direction  of  their  respective  talents. 

The  responsible  offices  are  all  filled  by  soldiers,  no  civilian  being  responsible  for 
more  than  his  individual  labour. 

Each  soldier  employed  on  the  survey  is  allowed  working  pay  at  a  rate  fixed  by  the 
Director,  according  to  his  acquirements  and  industry  ;  and  for  the  satisfactory  per- 
formance of  duties  requiring  management  and  industry — such,  for  instance,  as 
reflecting  with  the  heliostat,  piling  hills  with  judgment,  &c.,  it  is  customary  to  allow 
special  rewards. 

It  is  advisable  that  the  soldiers  should  be  instructed  in  the  duties  of  as  many 
branches  of  the  work  as  possible,  that  they  may  be  available  whenever  the  serrioe 
may  most  require  them. 

The  civil  branch  works  entirely  under  the  direction  of  the  military  ;  and,  speaking 
comparatively,  its  duties  may  be  styled  mechanical.  The  labours  of  the  civilians  are 
constantly  overlooked,  and  their  duties  assigned  daily.  It  is  expedient,  moreover,  to 
guard  against  collusion,  that  each  civil  a-osistant  should  comprehend  only  bis  own 
particular  duty,  be  it  surveying,  plotting,  drawing,  or  other  service.  This  policy  is 
rendered  necessary  by  the  extremely  slight  ties  by  which  civilians  are  bound  to  the 
service.  They  receive  their  wages  weekly,  and  although  it  is  expected  that  they  giro 
a  month's  notice  before  quitting  their  employment,  there  is  no  power  to  prevent  their 
doing  so  at  any  minute  when  they  may  be  so  inclined. 

Accounts. — Each  Officer  is  furnished  monthly  with  an  imprest  to  meet  the  probable 
expenses  of  his  division  or  party.  He  distributes  the  pay  of  the  civilians  and  the 
working  pay  of  the  militar}',  and  makes  the  disbursements  necessary  for  the  contin- 
gent requirements  of  his  division,  taking  proper  vouchers,  and  quoting  in  each  case 
an  authority  for  his  expenditure. 

Every  division  having  commonly  several  small  detachments  in  the  field,  the  pay- 
ment of  each  detachment  is  necessarily  mode  through  the  non-commissioned  officer 
in  charge  of  it. 

Once  in  a  quarter  each  Officer  submits  his  accounts  to  the  Director,  who,  haring 
examined  and  approved  of  them,  forwards  them  to  the  Surveyor-General  of  the 
Ordnance. 

Chain  of  rerpomihility. — Every  party,  however  small,  is  under  the  charge  of  either 
a  non-commissioned  officer  or  private  of  the  Royal  Sappers  and  Miners,  who  ia 
responsible  that  the  work  is  carried  on  according  to  orders,  and  that  every  precaution 
to  prevent  negligence  or  deception  is  taken. 

In  the  office,  likewise,  a  noncommissioncil  officer  superintends  each  department  of 
the  work. 

These  report,  either  directly  or  through  a  senior  non-commifsioned  officer,  to  the 
Officer  of  Engineers  in  charge,  and,  according  to  the  latest  arrangement,  each  Officer 
reports  immediately  to  the  Director. 


BUEYEYINO.  599 

DHORIPTIOH  OF  OOMPEVSATIOIT  BAB8  (FAGB  570).* 

Plate  III.  Fig.  1. — Diagram  shewing  the  principle  of  the  compensation  bar. 

a  a'f  Brass  bar. 

b  h'f  Iron  bar. 

p  qy  Steel  connecting  bar. 

c  </,  Brass  bar    ),,,,.,      ^  ^         -  ^^o        o 

,  '  ,  >  at  the  higher  temperature  of  62   +  n  . 

day  Iron  bar      ) 

^Jr       1  f  **  '^6  lower  temperature  of  02'  —  n*. 

//,  Iron  bar      ) 

a  6  71  ) 

, ,,  ,  >  Position  of  the  steel  tongues  at  the  temperature  of  62°. 
a  0  n  ) 

c  d  It  i 
.  ,,  ,  >  The  same  at  the  temperature  of  62"  +  w". 

£  f  n    ) 

,  -,  ;  >  The  same  at  the  temperature  of  62°  —  n**. 
ejn) 

n  )  ^        .        .. 
,  >  The  points  of  intersection,  or  compensation. 

Fig.  2. — Plan  of  the  compensation  bar,  lying  in  its  deal  box,  supported  upon  brass 
rollers,  fixed  into  the  bottom  of  the  box  at  one-fourth  and  three-fourths  of  its 
length  ;  the  parts  being  free  to  expand  from  or  contract  to  the  centre  :  the  brass 
nozzles,  which  protect  the  projecting  pirt  of  the  tongues,  arc  also  shewn  in  this 
figure  ;  likewise  the  longitudinal  spirit-level  and  scale,  and  the  small  brass  cross- 
pieces  for  steadying  the  bars  by  preventing  any  sudden  jar  from  striking  them 
against  the  lid  of  the  box. 

a  a'y  b  b'y  the  compensation  bars, 
efgh,  the  deal  box. 
rr'f  rollers. 

0  o',  protecting  brass  nozzles, 
m  m'y  cross  steadying  pieces. 

8  tfy  two  strong  iron  cylinders,  uniting  the  brass  and  iron  bars  at  the  centre. 
ty  vertical  brass  stay,  screwed  to  the  bottom  of  the  box,  to  prevent  longi- 
tudinal motion. 
ly  longitudinal  leveL 

X  Xy  shewing  the  mode  of  attaching  the  level  to  the  brass  bar. 
Fig.  3.  — Mode  of  fixing  the  brass  and  iron  bars  together  at  the  centre,  and  of  pre- 
venting any  longitudinal  motion  of  the  bars  in  the  box  :  the  longitudinal  scale 
and  level  shewn  on  the  left.     (The  whole  on  a  larger  scale  than  in  fig.  2.) 
Fig.  i. — Side  elevation  of  the  bar,  resting  upon  its  roller  in  the  bottom  of  the  box, 

and  shewing  the  brass  cross-piece  between  it  and  the  lid. 
Fig.  5. — Side  elevation  of  the  bar  in  the  middle,  where  the  brass  and  iron  are  screwed 

together,  and  shewing  the  vertical  brass  stay. 
Fig.  6. — Plan  of  the  steel  tongue  on  which  the  compensation  point  is  marked,  and 
which  moves  freely  upon  two  conical  brass  pivots,  with  steel  sockets,  through 
the  middle  of  the  brass  and  iron  bars,  near  their  extremities. 
Fig.  7. — Oblique  end  view  of  the  tongue,  pivots,  and  brass  and  iron  bars. 
Fig.  8. — Elevation  of  the  pivot,  seen  from  the  side  of  the  brass  bar,  shewing  the  rear 

or  root  of  the  tongue. 
Plato  IV.  Fig.  9  represents  one  of  the  compensation  bars  in  its  box,  as  used  in  the 
measurement  of  the  base,  resting  upon  two  brass  levelling  tripods  or  camels, 


•  From  an  account  of  the  moasiirom3nt  of  the  Lon^h  Foyle  Baso,  Ijy  Colonel  Yollnnd,  R.E. 
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each  having  a  lateral  or  cross  motion,  and  one  having  alao  a  longitudinal 
motion ;  each  tripod  rests  upon  a  trestle  or  three-legged  wooden  stool,  whioh 
stands  npon  a  triangular  deal  Xrame,  supported  horizontally  apon  the  heada  of 
three  stout  pickets,  of  length  proportioned  to  the  nature  of  the  soil  into  which 
they  are  driven.  At  each  end  of  the  bar  in  the  figure  (which  may  therefore  be 
considered  as  the  first  bar  in  a  set)  a  compensation  microscope  i»  placed,  resting 
in  grooves  upon  a  brass  three-armed  stand,  screwed  to  the  end  of  the  box  con- 
taining tlie  compensation  bar.  Under  each  of  the  centre  microscopes  is  shewn 
a  register,  technically  called  a  'point-carrier.*  These  point-carriers  are  of 
various  constructions,  principally  made  of  cast  iron,  and  of  a  triangular  form 
at  the  base  :  in  the  middle  is  a  brass  cylinder,  sliding  vertically  through  a  tube 
and  rings,  with  clamps  to  fix  at  any  height  the  adjustable  plate  or  disc  which 
it  carries  at  top,  and  on  which  is  engraved  a  fine  dot  on  a  silver  pin  :  this  dot  is 
finally  brought  to  exact  bisectiuu  under  the  microscoiie  by  means  of  three 
screws  which  move  the  disc  horizontally  in  any  direction.  On  the  top  of  the 
bar- box  is  shewn  the  end  of  the  cross-level,  and  also  the  shutter  of  the 
glass  window  through  which  the  longitudinal  level  is  observed  during  the 
measurement. 

L  L,  Brass  levelling  tripods.  M  M,  Compensation  microscopes. 

T  T,  Wooden  trestles.  Y  Y,  Registers,  or  point-carrieis. 

B  B,  Triangular  deal  frames.  w.    Shutter  of  the  l-Ioss  window 

P  P,  Wooden  pickets.  over  tho  longitudinal  leveL 

C  C,  Clamping  plates,  v.    Cross-level. 

SWIMMING.* — It  is  scarcely  necessary  to  prove  that  this  art  is  useful  to 
a  soldier  ;  but  we  may  mention  the  brilliant  feat  of  Captain  G-ningret,  at  TordesiUas, 
in  November,  1812,  who  swam  across  the  rapid  Duero,  with  60  gallant  Frenchmen, 
pushing  in  front  of  them  a  small  raft  bearing  their  arms  and  clothing,  and  after 
storming  a  tower  defended  by  the  Brunswickers,  opened  a  communication  over  the 
bridge  :  from  this  it  will  be  evident  that  if  soldiers  are  able  to  swim,  they  can 
rapidly  effect  the  passage  of  a  river,  which  may  be  of  vital  importance,  and  would  be 
impossible  otherwise ;  and  when  it  is  cunsidered  how  often  British  troops  are  exposed 
to  drowning  by  shipwreck  or  by  the  upsetting  of  boats,  it  appears  advisable  to  give 
them  every  facility  for  acquiring  the  art,  particularly  as  the  practice  of  it  tends  so 
much  to  promote  cleanliness  and  health. 

Ah  the  human  body  is  lighter  than  water,  there  arc  but  few  men  who  cannot  be 
taught  to  swim  ;  and  if  an  instructor  were  apjjointed  in  each  regiment,  a  large  number 
of  soldiers  might  soon  learn  :  they  could  go  through  the  motions  even  in  a  room 
by  resting  the  breast  upon  a  board  suspended  from  a  beam,  or  in  a  bath,  supported 
by  a  strap  passed  under  the  armpits ;  and  if  arrangements  be  made  for  rescuing  thooe 
who  may  get  out  of  their  depth,  they  could  practise  safely  at  most  stations. 

To  sicim  on  the  breaitf,  or  in  the  ordinary  way,  it  is  necessary  to  imitate  the 
motions  of  the  frog ;  each  stroke  is  made  by  first  bringing  the  palms  of  the  hands 
nearly  together  before  the  chest  and  throwing  them  forward  with  the  fingers  pointing 
to  the  front,  then  separating  the  hands  so  as  to  make  a  stroke  outwards  with  the 
fingers  extended  close  together,  and  finally  bringing  them  in  front  of  the  chest  again 
to  make  another  stroke  as  before,  at  the  Fame  time  kicking  out  behind,  so  as  to  make 
a  steady  simultaneous  effort  with  both  legs  and  arms,  and  keeping  the  head  back  ao 
as  to  enable  the  swimmer  to  breathe  freely. 


■    \W  C"l"n<'l  \l  i)il»ri;'iro,  U.K. 


^ 


4 


Iff 


•a 

] 


<**  = 


SWIMMING.  601 

In  swimming  long  distancea  it  is  advantageous  to  rest  the  limbs  by  swimming  on 
the  back  or  side  :  in  the  former  case  it  is  only  necessary  to  kick  out  with  the  legs, 
and  in  swimming  on  the  right  side  a  circular  stroke  is  made  with  the  right  hand  in 
front  and  with  the  left  close  to  the  side, — and  the  contrary  in  swimmbg  on  the  left 
side  :  also  rapid  progress  may  be  made  by  throwing  forward  each  arm  alternately, 
letting  the  hands  fidl  edgewise  into  the  water,  and  taming  upon  each  side  in  succes* 
sion  as  a  stroke  is  made. 

In  order  to  dive,  the  head  must  be  turned  down,  and  the  legs  being  thrown  up,  the 
body  will  smk,  and  can  be  propelled  in  any  direction  as  in  swimming  on  the  surface  : 
the  eyes  being  kept  open  and  objects  distinctly  seen  under  water,  persons  who  hare 
sunk  can  be  searched  for  and  pulled  up,  care  been  taken  to  avoid  their  grasp ;  and 
if  they  have  presence  of  mind,  they  can,  on  reaching  the  surface,  suppoi-t  themselves 
behind  the  swimmer  by  resting  their  hands  on  his  hips  whilst  he  advances  towards 
the  shore. 

If  letters,  clothes,  ammunition,  the  locks  of  muskets,  &c.,  are  required  to  be  con- 
veyed, it  will  be  best  to  secure  them  on  the  head  ;  but  the  proper  buoyancy  will  be 
best  preserved  by  carrying  things  under  water  attached  to  the  back. 

Though  cramp  is  much  feared,  it  seldom  attacks  people  except  when  the  water  is 
cold,  or  when  they  have  been  a  long  time  in  it,  and  it  generally  goes  off  by  lying  on 
the  back  and  stretching  out  the  heel. 

Smmmhvg  vfUh  a  line  is  often  required,  when  vessels  are  wrecked  (as  boats  are 
often  useless),  to  establish  the  means  of  escape,  and  also  when  it  is  necessary  to  cross 
rivers  in  advancing  through  an  enemy's  country,  or  in  traversing  a  wilderness  :  this  is 
rendered  difficult  by  the  weight  of  the  rope  causing  it  to  sink,  when  the  effect  of  the 
current  upon  it  is  increased,  and  it  is  liable  to  be  entangled  among  rocks  or  seaweed  ; 
and  as  one  man  cannot  support  more  than  50  yards  of  small  rope,  the  swimmers 
must  not  be  placed  at  greater  intervals  apart ;  and  they  should,  when  crossing  a  cur- 
rent, hold  the  rope  with  the  hand  on  the  side  opposite  to  that  from  whence  it  flows, 
or,  to  give  both  arms  perfect  freedom,  the  rope  might  be  hooked  to  a  belt  supported 
by  the  shoulders,  and  arranged  so  that  it  may  be  easily  detached  :  it  should  of  course 
be  carried  as  much  as  possible  with  the  stream,  and  care  must  be  taken  to  pay  it  out 
wi^h  judgment. 

To  support  the  line,  floats  of  cork  or  slips  of  light  wood  may  be  lashed  to  it,  taking 
care  that  they  are  of  such  a  form  as  will  oppose  least  resistance  to  its  progress  ;  this 
result  would  be  best  attained  by  making  the  line  itself  buoyant,  or  by  substituting  for 
it  an  inflated  tube  of  small  diameter,  formed  of  canvas,  rendered  air-tight :  if  only  a 
small  portion  of  this  could  be  obtained,  it  should  be  attached  to  that  end  of  the  rope 
intended  to  reach  the  shore,  for  there  the  chance  of  a  heavy  line  becoming  entangled 
is  the  greatest,  and  by  wrapping  a  few  turns  of  such  a  tube  round  the  body  of  each 
person  who  could  not  swim,  or  round  mail-bags  or  other  valuable  packages,  they 
could  generally  be  floated  ashore  if  guided  by  swimmers,  as  in  cases  of  wreck  the 
wind  usually  blows  strongly  towards  the  shore ;  also  the  boats  might  be  rendered 
more  buoyant  by  attaching  it  under  their  thwarts. 

If  the  distance  from  the  wreck  to  the  shore  is  great,  swimmers  might  perhaps 
derive  aid  from  a  small  raft  consisting  of  at  least  three  short  spars  firmly  lashed 
together,  and  having  numerous  ropes  attached  so  that  the  men  might  take  a  torn  with 
them  round  their  waist,  to  prevent  their  being  washed  off ;  and  this  might  be  steered 
by  hoisting  a  small  but  strong  sail,  but  it  would  probably  be  stranded  on  outlying  rocks 
or  sand-banks,  and  the  swimmers  can  then  only  advance  unaided,  or  supported  by 
corks,  or  light  air-tight  cases  attached  by  straps  passing  under  their  armpits  (for 
which  purpose  common  square  air-cushions  strapped  over  the  chesty  and  thus  present^ 
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iug  only  a  tKin  edge  to  the  front,  have  been  fonnd  conyenient)  :  as  tliey  approach  the 
shore,  if  they  cannot  find  an  inlet  among  the  rocks,  they  most  make  for  a  smooth 
beach,  if  possible,  and  the  moment  they  find  they  can  obtain  a  footing  they  should  run 
on  quickly,  so  as  to  get  out  of  reach  of  the  succeeding  wave  :  a  close*fitting  flannel 
dress  would  not  much  impede  them  in  swimming,  and  would  be  found  iisefid  to  pro- 
teot  them  from  the  effects  of  cramp,  and  of  the  wind  on  land  ;  and  a  light  pair  of 
shoes,  which  might  be  carried  at  the  waist,  would  enable  them  to  be  of  more  service 
among  rocks  or  flints. 

By  means  of  the  small  line  which  is  first  taken  ashore,  a  stronger  one  may  be  hauled 
thither,  and  by  passing  it  through  blocks  a  constant  communication  may  be  esta- 
blished  :  in  this  manner  great  numbers  of  persons  have  been  rescued  firom  drowning. 


T. 

TACTICS  OF  THE  THREE  ARMS. 

ON  THE  COMBINATIONS   OF  THE    THREE  ARMS    IN  THE  COMPOSITION, 
FORMATIONS,  AND  MOVEMENTS  OF  ARMIES.* 

"  PLiCor  loR  differentos  armcs  selon  Ic  terrain,  Bolou  lo  but  qai'on  so  propose,  ot  colui  que  lV>u 
jjcut  supposor  a  Teniicmi ;  combiner  leur  action  simultonA)  d'ai>r^  lea  quality  propres  u 
chAcune  d'elles,  en  ayant  soin  de  les  fairo  soutcnir  r^iproquemcnt ;  voiU  tout  co  que  I'art 
IHJut  consciller ;  c'cst  cL-uis  I'otudo  dea  gucrrc8,  ot  surtout  dons  la  pratique,  qu'un  officicr 
sup^ricur  poiirra  acqu^rir  cea  notions,  ainsi  que  lo  coup  d'ceil  qui  inspire  leur  applicatiou 
opporttmo." — Jomiiii,  PrM^  de  VAHde  la  Gurrre^  chap.  vU.  art.  47. 

Relations  subsisting  between  the  Combinations  of  the  Three  Arms  and  the  Results  and 

fundamental  Conditions  of  Warfare, 

The  result  of  a  battle  is  very  materially  affected  by  three  things,  which  are  in  a 
great  measure  under  control  of  the  Generals  who  command,  and  exercise  an  influence 
which,  if  not  independent  of  the  courage  of  the  troops  engaged,  is  at  least  distinct 
from  the  influence  which  courage  exercises  in  deciding  the  issue  of  the  shock  of  armies. 

These  things  are — 

Ist,  The  choice  of  the  field  of  battle. 

2nd,  The  disposition  of  the  principal  masses  composing  an  army  relatively  to  those 
of  the  enemy,  and  the  manoi^uvres  executed  by  them  during  the  battle. 

8rd,  The  manner  of  developing  the  different  species  of  destructive  forces  made  use 
of  in  warfare,  through  the  agency  of  the  cavalry,  infantry,  and  artillery. 

To  a  certain  extent,  the  consideration  of  any  one  of  these  three  things  necessarily 
involves  that  of  the  other  two,  not  merely  from  the  necessity  of  viewing  them  together 
as  concurrent  causes  concerned  in  the  production  of  a  given  effect,  but  more  especially 
from  the  ultimate  connection  and  mutual  relations  subsisting  between  them. 

Thus  it  is  obvious  that  the  relative  importance  of  the  three  arms,  and  the  order  of 
their  distribution  in  the  arrangement  of  an  army,  must  be  essentially  modified  by  the 
nature  of  the  locality  on  which  the  army  is  to  combat.  Among  rocks  and  thickets 
infantry  is  the  best  species  of  force  which  can  act  effectively ;  on  open  plains  cavalry 
may  be  considered  the  predominant  arm ;  and  in  the  defence  of  defiles  and  the  attack 
of  posts  artillery  has  the  princii>al  part  to  perform. f 


•  By  Colonel  Robertson,  of  Her  Majesty's  8th  Regiment. 

t  The  formation  of  troops  and  tboir  preliminary  dispositions  depend  much  more  ou  the 
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Omitting,  however,  all  considerations  both  of  partieular  localities  and  of  particular 
orders  of  battle,  certain  general  principles  may  be  laid  down  for  the  combinations  of 
the  three  arms,  solely  founded  on  the  relations  which  sabsist  between  the  distinguish* 
iDg  peculiarities  in  the  mode  of  deyelopment  of  their  destructire  forces,  and  the  fun- 
damoital  conditions  of  offensive  and  defensive  warfare. 

Restf  or  the  ability  to  maintain  a  position,  is  the  essential  condition  of  defensive 
combinations. 

MoHoUf  or  the  ability  to  advance,  is  the  essential  condition  of  offensive  combinations. 

In  treating  of  the  combinations  of  the  three  arms,  the  first  thing  to  be  done  is, 
therefore,  to  consider  how  the  development  of  the  destructive  power  inherent  in  each 
is  affiDcted  when  subjected  to  one  or  other  of  these  conditions. 

In  modem  warfiure  there  are  four  distinct  methods  employed  for  effecting  the 
destruction  or  defeat  of  an  enemy,  viz. 

Ist,  The  charge  of  cavalry. 

2nd,  The  charge  of  infantry. 

3rd,  The  fire  of  infantry. 

4th,  The  fire  of  artillery . 

Of  the  Charge  of  Troops. 

In  estimating  the  effect  of  a  charge  on  the  combinations  of  the  three  arms  and  of 
the  circumstances  in  which  a  charge  is  applicable,  it  is  necessary  to  consider  the 
obetades  by  which  the  chargmg  body  may  be  opposed,  and  the  results  which  it  is 
-capable  of  obtaining. 

The  obstacles  by  which  a  charge  may  be  obstructed  are— 

Local  impediments,   whether   artificial  or  natural,  such  as  fortified  posts,  in- 
trenchments,   abattis,   inundations,  enclosures,  rivers,  thickets,  swampy   or  rugged 
ground.    These  impediments  may  either  be  such  as  to  render  a  charge  altogether* 
impossible,  or  they  may  be  such  as  merely  to  increase  the  risk  and  difficulty  attending 
its  execution. 

The  particular  consideration  of  this  class  of  obstacles  on  military  operations  is 
treated  under  the  subjects  of  Fortification  and  the  choice  of  Positions.* 

The  fire  of  artillery  and  musketry  is  another  obstacle  which  offers  a  formidable 
obstruction  to  the  charge  of  every  species  of  troops.  The  effect  of  fire  In  opposing 
a  charge  depends  partly  on  Its  intensity  and  partly  on  Its  duration,  that  is,  on  the 
length  of  time  during  which  the  charging  body  Is  exposed  to  Its  action.  This  length 
of  time  is  determined  by  the  range  of  the  projectiles  and  by  the  distance  and  rate  of 
motion  of  the  charging  body  :  as  these  vary,  so  does  the  effect  of  this  obstacle.  The 
protection  of  fire  cannot  be  always  successful  against  a  sudden  rush  ;  but  a  feeble  fire 
may  suffice  to  stop  the  advance  of  troops,  If  the  distance  they  have  to  traverse  be 
considerable  and  their  rate  of  progression  slow. 

A  natural  obstacle,  by  Impeding  the  advance  of  an  attacking  force,  may  so  greatly 
increase  the  effects  of  the  fire  by  which  it  is  opposed  as  to  render  a  charge  impracti- 
cable, though  neither  the  magnitude  of  the  obstacle  nor  the  intensity  of  the  fire 
might  have  been  singly  sufficient  to  stop  the  onset  of  resolute  men. 


nature  of  the  ground  than  on  any  other  consideration  whatever.  The  strength  of  a  position 
compensates  for  numerical  weakness. 

Defiles  in  front  of  an  army  render  superfluous  a  portion  of  the  means  of  defence,  and  increase 
the  difficulties  of  developing  the  means  of  attack.  As  regards  details,  the  slightest  considera* 
tion,  and  frequently  instinct  alone,  is  sufficient  to  render  evident  those  modifications  which 
the  formations  consecrated  by  usage  must  undergo  in  order  to  adapt  them  to  particular 
localities. — Mamionlf  Siprit  des  Institutions  Militaira,  part  iii.  chap.  8. 

•  See  '  Fortification,  Field/  and  '  Position,  Retrenched.' 
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The  nature  of  the  result  to  be  deriyed  from  a  successful  charge  depends  on  the- 
reUtion  which  subsists  between  the  force  that  attacks  and  that  against  which  the- 
attack  is  directed. 

(1.)  When  both  forces  are  of  the  same  kind,  if  the  troops  composing  each  be  equal 
in  numbers,  strength,  courage,  and  equipment,  the  result  of  a  collision  must  neoessa* 
rily  be  uncertain,  and  will  very  probably  be  indecisive. 

If  the  force  attacked  be  inferior  in  any  of  these  points,  it  may,  by  retiring,  always 
avoid  a  collision,  and  escape  without  sustainiog  any  serious  loss. 

When,  therefore,  the  contending  forces  are  of  the  same  kind,  all  that  can  generally 
be  effected  by  a  charge  is  to  drive  the  enemy  from  a  position. 

The  result  of  a  successful  charge  is  in  this  case  limited  to  the  gain  of  a  position  ; 
the  destruction  of  the  troops  defending  it^  if  effected  at  all,  must  be  accomplished  by 
other  means. 

The  expediency  of  charges  of  this  class  must  in  each  particular  case  be  principally 
determined  by  a  consideration  of  the  relative  numbers  and  comparative  quality  and 
efficiency  of  the  opposing  forces. 

(2).  When  the  attackmg  force  possesses  in  close  combat  a  natural  physical  sape- 
riority  over  the  force  attacked,  the  utter  destruction  of  the  enemy  may  be  calculated 
on  as  the  probable  result  of  a  successful  charge.  The  certainty  of  this  result,  and  con- 
sequently the  expediency  of  charges  of  this  class,  depends  entirely  on  the  possibilltj 
of  bringing  the  charging  body  into  contact  with  the  object  of  its  attack  without  its 
suffering  a  greater  loss  than  will  be  repaid  by  the  destruction  of  the  enemy. 

In  each  particular  case  this  will  be  determined  by  a  consideration  of  the  descrip- 
tion of  natural  obstacles  to  be  surmounted,  and  of  the  intensity  of  the  fire  to  be 
encountered. 

Of  (he  Charfje  of  Cavah^j, 

Rest  is  incompatible  with  the  action  of  cavalry ;  that  is  to  say,  a  body  of  cavalrj, 
when  assailed,  must  either  advance  or  retire  ;  by  simply  remaining  firm,  it  cannot 
either  maintain  a  position  or  inflict  any  injury  on  an  enemy. 

Marmont  says,  **  Close  combat  and  hand-to-hand  struggles  are  the  objects  of  the 
institution  of  cavalry. 

'^  It  ought  to  thrust  home  the  sword*s  point  on  the  enemy,  to  crush  and  overwhelm 

his  ranks  by  its  shock,  to  annihilate  his  shattered  forces  by  a  swift  pursuit. 

b^prit  do8  Iiwti-      **  ^°  pursue  the  enemy  is  its  habitual  office ;  for  it  is  rare  that  a  collision  takes 

tutiona  iUli;        place  at  the  instant  of  meeting  :  the  less  confident  of  the  two  parties  stops  and  be- 
taires,  port  u.  .       ,      ,*./,.,.  ,.m 

Hoct  IL  takes  itself  to  flight."* 

Unless  it  be  possible  to  bring  cavalry  into  absolute  contact  with  an  enemy,  it  can- 
not be  made  available  for  its  destruction. 

The  ability  to  advance  is  therefore  the  essential  condition  on  which  depends  the 
development  of  its  destructive  power. 

Charges  of  cavalry  may  be  resorted  to  in  order  to  effect  three  different  objects  : 

1.  To  drive  another  body  of  cavalry  from  the  field. 

2.  To  destroy  infantry, 

3.  To  seize  hattci'ies  of  artillery. 


*  The  principal  uses  of  cavalry  are — to  prepare  the  way  for  victory,  to  render  it  complete  by 
the  capture  of  prisoners  and  trophies,  to  ptirsuc  the  enemy,  rapidly  to  succour  a  menaced 
point,  to  complete  the  overthrow  of  infantry  previously  shaken,  and  finally,  to  cover  the  retreat 
of  inftmtry  and  artillery. 

The  reasons  are  therefore  apparent  why  an  array  deficient  in  cavalry  rordy  obtains  any 
sigmU  success,  and  why  it  experiences  s\ich  difficulties  in  its  retreats.— Jcrmini,  PrMt  de  VAr 
d(  la  Ouerrtf  diap.  vii  art.  45. 
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(1.)  A  body  of  cavalry  may  by  a  charge  compel  another  of  inferior  force  to  fly  from 
tlie  field,  and  this  result  will  probably  be  obtained  without  a  collision  taking  place, 
— consequently,  without  any  risk  or  loss  being  incurred  by  the  chaige. 

In  order  to  cover  the  advance  or  retreat  of  infantry,  it  is  sometimes  expedient  for 
one  body  of  cavalry  to  charge  another  of  equal  or  even  superior  force.  When  this 
happens,  a  collision  ensues,  the  result  of  which  must  depend  on  the  courage  and 
strength  of  the  respective  combatants.  The  expediency  of  risking  a  contest  of  this 
sort  depends  on  the  importance  of  the  object  to  be  obtained  by  preserving  the  infantry 
from  attack.  It  is  sometimes  essential  to  the  plans  of  a  General  to  risk  the  sacrifice 
of  his  cavalry  for  the  preservation  of  his  infiuitry. 

(2.)  The  success  of  a  charge  of  cavalry  against  a  body  of  infantry  hinges  on  the 
'possibility  of  the  cavalry  breaking  the  ranks  of  the  infantry.  - 

If  by  its  fire  and  by  its  bayonets  the  infantry  cannot  resist  the  charge,  its  destruC' 
tion  is  inevitable :  retreat  will  not  secure  its  preservation. 

Without  venturing  to  affirm  that  it  is  physically  impossible  for  cavalry  to  break  an 
infantry  square,  experience  certainly  authorizes  the  assertion,  that  the  result  of  a 
charge  of  cavalry  against  infantry  in  good  order,  and  occupying  a  fixed  position,  is 
very  likely  to  prove  a  failure.* 

To  insure  signal  results  from  a  charge,  infantry  should  be  attacked  either  when 
their  ranks  are  in  some  degree  broken  and  disordered,  or  when  engaged  in  the  execu- 
tion'of  a  movement,  and  unable  to  assume  a  formation  of  defence. 

When  in&ntry  are  regularly  formed  for  the  defence  of  a  fixed  position,  previous  to 
a  charge  of  cavalry,  a  fire  of  musketry  and  artillery  should  be  employed  to  break  their 
formation  and  diminish  the  intensity  of  their  fire. 

It  was  thus  that  Napoleon  conducted  his  attack  on  the  Prussian  army  at  Jena.  At 
Borodino  also  the  fire  of  infiintry  and  guns  prepared  the  way  for  the  successful  eflforts 
of  the  French  cavalry. 

In  resisting  an  attack,  or  opposing  a  pursuing  force,  opportunities  frequently  occur 
for  cavalry  to  charge  successfuUy  without  the  co-operation  of  the  other  arms.  Thus 
at  Marengo,  the  pursuing  columns  of  the  Austrians  were  overthrown,  and  the  tide  of 
victory  turned  by  a  sudden  and  vigorous  charge  of  French  cavalry,  t 

On  account  of  the  inability  of  infantry  in  movement  to  resist  the  attack  of  cavalry, 
it  may  perhaps  be  concluded  that  the  opportunities  for  the  effective  employment  of 
cavalry  against  infantry  are  greater  when  the  cavalry  is  employed  in  defensive  com- 
binations against  a  force  moving  to  the  attack,  than  when  it  is  employed  in  offensive 
combinationB  against  a  force  occupying  a  fixed  position. 

(3.)  When  it  is  necessary  to  seize  a  battery  by  a  charge,  cavalry,  if  the  ground  be 
favourable  for  its  action,  is  the  species  of  force  best  adapted  to  execute  this  service. 

Though  the  bulk  of  a  body  of  cavalry  considerably  exceeds  that  of  a  body  of  infantry, 
yet  the  rate  of  motion  of  cavalry  is  so  much  greater  than  that  of  infantry,  that  in  tra- 
versmg  equal  spaces  the  former  will  suffer  much  less  than  the  latter. 

At  the  battle  of  Jena,  the  capture  of  a  battery  was  the  object  of  a  brilliant  charge 
of  a  portion  of  the  French  cavalry. 

When  cavalry  are  employed  to  carry  a  battery,  a  body  of  infantry  should  follow 
closely  for  the  purpose  of  securing  the  guns. 


•  It  is  admitted  that  a  general  attack  of  cavalry  against  a  lino  of  infantry,  in  good  order  and 
at  a  certain  distance,  cannot  be  successfully  attempted  unless  supported  by  infantry  and  a 
Tcry  numerous  artillery.  We  have  seen  how  severely  the  French  cavalry  suffered  in  conse- 
quence of  their  acting  contrary  tx)  this  •  rule  at  Waterloo,  and  at  Kunersdorf  the  cavalry  of 
Frederic  experienced  the  same  fate. 

t  The  Austrian  cavalry  having  left  the  field.^Sditort. 
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Of  the  Charge  of  InfarUry. 

A  charge  of  infantry  may  gain  a  battle,  bat  it  cannot  destroy  an  army. 

The  object  of  a  charge  of  infantry  is  either  to  capture  guns  or  to  dislodge  another 
body  of  in&ntry  from  a  position. 

(1).  When  the  capture  of  guns  is  the  object  of  the  charge,  success  depends  on  the 
charging  body  perseyering  in  its  advance  until  it  reaches  the  battery.  If  this  can  be 
effected,  an  absolute  result  will  be  obtained.  The  risk  of  failure  will  be  in  proportion, 
to  the  distance  of  the  battery  and  the  number  of  guns  of  which  it  is  composed. 

No  extraordinary  effort  is  required  for  infSuitry  to  seize  a  few  detached  guns  ;  but 
when  the  fire  of  many  guns  is  concentrated  to  oppose  its  attack,  the  havoc  created  is 
so  dreadful  that  the  most  courageous  in&ntry  frequently  fails  in  the  attempt  to  carry 
a  powerful  battery. 

At  the  battle  of  Leipsic,  on  the  afternoon  of  the  third  day,  the  Allies  concentrated 
on  the  French  army  the  fire  of  800  guns,  disposed  in  a  semicircle  of  two  miles  in 
extent.  For  four  hours  the  French  troops  sustained,  without  flinching,  this  tremen- 
dous cannonade.  During  that  period,  columns  of  infantry  repeatedly  rushed  forward 
to  carry  the  batteries  ;  but,  as  soon  as  they  arrived  within  range  of  grape,  they  were 
swept  away,  and  their  shattered  remnants  driven  back  in  confusion. 

<2.)  When  one  body  of  infantry  charges  another,  excepting  in  affairs  of  posts,  a^ 
collision  seldom  or  never  takes  place.* 

The  immediate  result  of  a  charge  of  infantry  is  simply  to  cause  the  enemy  to 
abandon  a  position.  Nor  can  this  result  be  obtained,  even  by  the  aid  of  great  numeri- 
cal superiority,  without  the  attacking  force  sustaining  a  severe  loss  from  the  fire  of 
their  opponents.  In  this  respect  the  attack  of  infantry  on  in&ntry  differs  materially 
from  that  of  cavalry  on  cavalry. 

Of  Fire  in  General, 

Although  motion  is  totally  incompatible  with  the  action  of  artillery,  and  very 
unfavourable  to  the  development  of  an  effective  fire  of  musketry,  yet  both  species  of 
fire  are  available  as  well  for  the  purposes  of  attack  as  for  those  of  defence. 

That  terrible  iron  shower  which  shatters  the  ranks  of  an  attacking  column  and 
forbids  it  to  approach  a  position,  is  equally  efficacious  when  employed  to  sweep  away 
the  battalions  which  defend  it,  and  to  compel  them  to  fly  from  its  far-reaching 
fury. 

In  con»ideriDg  the  effect  of  fire  as  a  means  of  offence,  it  is,  however,  important  to 
remark,  that  the  troops  against  whom  it  is  employed  may  by  retreating  neutralise  its 
power  as  a  destructive  agent. 

The  assailants  may  indeed  pursue,  but  it  is  not  possible  at  the  same  time  to  march 
and  to  fire  with  effect. 

Hence,  while  the  retreat  may  be  uninterrupted,  the  pursuit  must  consist  of  alter- 
nate advances  and  halts,  and  the  pursuers  will  necessarily  be  distanced  before  they  are 
able  to  effect  the  complete  destruction  of  the  beaten  force.  It  may  therefore  be  laid 
down  as  a  general  rule,  that  in  offensive  operations  great  and  decisive  results  cannot 


•  In  sictvuil  warfare  I  have  never  seen  combats  of  infantry  otborwiao  conducted  thxm  by 
1)att;ilious  deployed  bcforcbiiud,  who  comnioneod  firing  at  first  rojfularly  by  companies,  after- 
wartbi  indei>cndently  by  lilca,  or  ol»e  by  coUimns  marching  boldly  ogainBt  the  enemy,  who 
either  gave  way  without  awaiting  the  shock  of  the  columns,  or  repulsed  them  before  the 
moment  of  contact ;  it  might  bo  by  the  effect  of  their  fire  :  it  might  be  by  their  firm  demeanour, 
or  finally  it  might  bo  by  rushing  forward  to  meet  their  assailants.  Scarcely  anywhere  but  in 
villages  or  defiles  have  I  seen  actual  conflicts  between  columns  of  infantry,  the  heads  of  which 
s'}  niggled  by  the  pui^h  of  bayonets ;  never  in  the  field  of  battle  have  I  seen  anything  like  this. 
— /oi/iini,  Pr^U  dt  VArt  dc  la  Gfurrt^  chap.  vii.  art  44. 
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be  obtained  without  the  aid  of  cavalry,  and  that  troops,  if  assailed  only  by  infantry 

and  artillery,  may  usually  effect  a  retreat.* 

The  cases  which  present  exceptions  to  this  rule  are  those  in  which  it  is  possible  to 

concentrate  a  powerful  fire  on  a  mass  of  men  entangled  in  a  defile  or  other  situation 

where  they  cannot  escape  from  its  effects.     Thus,  at  Rivoli,  an  army  was  precipitated 

into  a  defile  and  destroyed  by  musketry  ;  and  more  recently  some  batteries  of  horse 

artillery  made  fiightful  havoc  among  the  masses  of  the  Sikh  army  while  endea- 

Touring  to  escape  across  the  Sutlej,  after  being  driyen  from  their  intrenchments  at 

Sobraon. 

Of  iht  Fire  of  Infantry. 

The  destructive  effect  of  fire  is  modified  by  two  classes  of  circumstances, — by  those 
circumstances  which  affect  the  &cility  of  its  concentrated  application,  and  by  those 
which  affect  the  intensity  of  the  force  of  the  projectiles  and  the  extent  of  their 
range. 

The  momentum  of  a  musket-bullet  is  vastly  inferior  to  that  of  a  cannon-bali,  but 
the  destructive  power  of  musketry  is  capable  of  greater  concentration  than  that  of 
artillery.  The  fire  of  a  line  of  infantry  within  the  limits  of  its  range  is  therefore  more 
formidable  than  that  of  a  battery  of  the  same  extent  of  front. 

In  defensive  combinations,  the  position  of  the  infantry  being  fixed,  its  fire  is  steady 
and  uninterrupted.    In  these  combinations  the  power  of  musketry  acts  under  the 
r  mini  Precis     Conditions  most  favourable  to  its  effective  development. 

le  I'Art  de  la  It  is  available  at  all  times  and  in  every  locality,  and  ought  to  be  regarded  as  the 

irtf^'      ^  ^^  ^^^^  certain  and  universally  efficacious  means  for  checking  the  advance  of  an  enemy 
and  repelling  his  attack. 

Motion  being  incompatible  with  the  maintenance  of  a  steady  fire,  musketry  cannot 
be  so  effectively  employed  for  the  purposes  of  attack  as  for  those  of  defence. 

A  cloud  of  light  troops  should,  however,  always  accompany  those  of  a  column ;  the 
fire  of  the  skirmishers  will  weaken  and  distract  that  of  the  troops  defending  the 
position  attacked,  and  will  materially  contribute  to  the  success  of  the  operation. 

If  the  troops  defending  a  position  have  suffered  no  serious  loss  from  the  fire  of 
artillery,  and  can  only  be  assailed  in  front,  the  fire  of  skirmishers  will  be  too  feeble  to 
cover  effectually  the  charge  of  infantry  ;  in  such  cases,  previous  to  endeavouring  to 
close  with  the  enemy,  it  may  sometimes  f  be  advisable  for  the  advancing  iufiuitry  to 
deploy,  and,  as  it  advances,  occasionally  to  halt,  and  endeavour  to  shake  the  enemy's 
line  by  a  fully  developed  fire  of  musketry. 

Fire  of  Artilleri/, 

The  efficiency  of  the  fire  of  artillery  is  in  proportion  to  the  number  of  guns,  the  fire 
of  which  can  be  concentrated  on  a  given  point. 

The  facility  of  concentrating  guns  is  therefore  an  indispensable  condition  to  the 
effective  employment  of  this  species  of  fire. 

In  defensive  combinations,  the  artillery  of  an  army  must  generally  be  distributed 
over  a  great  extent  of  ground,  and  at  critical  moments  the  fire  of  powerful  batteries 
cannot  always  be  made  available  at  those  points  where  the  most  vigorous  efforts  are 
required  to  repulse  the  attack  of  the  enemy.  At  any  particular  point,  however,  the 
fire  of  artillery  doubles  the  strength  of  a  position,  not  merely  (as  Jomiui  observes)  on 

*  In  1813  the  Russians  were  beaten  at  Lutzen  and  Bautzen  by  the  infantry  alone.  In  a 
moral  point  of  view  these  victories  were  of  great  importance,  but  no  real  material  advantage 
resulted  from  them.  A  flying  enemy  can  always  rally,  unless  a  blow  is  rapidly  struck 
in  the  first  moment  of  disorder.— itfanno»<,  E*prit  d<s  InUitvtions  MilUaires^  part  ii  chap.  i. 
sect.  2. 

tNo  British  troops  ought  to  be  in  column  within  canister-shot.^£(/i/or«. 
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Acconnt  of  the  great  distance  at  which  its  mischioTous  effects  begin  to  be  felt,  and  the 
discouraging  influence  thereby  exerted  on  troops  inarching  to  the  attack  while  they 
Are  afar  off,  bnt  also  on  account  of  the  havoc  which,  when  they  approach  within  the 
range  of  grape,  is  inflicted  on  them  by  the  fire  of  this  arm. 

In  offensive  combinations,  artillery  should  be  as  mnch  as  possible  concentrated,  and 
the  fire  of  formidable  batteries  brought  to  bear  on  those  points  where  it  is  desired 
that  the  greatest  impression  should  be  made. 

The  fire  of  infantry,  which  is  the  great  staple  of  defence,  and  which  is  available 
against  every  other  species  of  attack,  cannot  reach  a  distant  battery. 

When,  therefore,  a  position  is  assailed  by  artillery,  as  soon  as  the  guns  defending  it 
are  silenced,  the  sole  means  of  opposing  active  resistance  to  this  species  of  attack,  by 
troops  subjected  to  the  conditions  of  defence,  is  destroyed  ; — either  the  position  must 
be  abandoned,  the  troops  defending  it  must  assume  the  offendve,  or  they  must 
passively  submit  to  the  havoc  caused  by  the  fire  of  their  assailants*  batteries. 

Whenever  powerful  batteries  are  concentrated  on  a  given  point  in  order  to  over- 
whelm  an  enemy  by  the  superiority  of  their  fire,  Marmont  says  that  artillery  becomes 
the  principal  arm  of  attack  ;  and  whether  the  batteries  employed  be  weak  or  powerful, 
it  need  scarcely  be  noted  that  in  the  attack  of  fortified  posts  artillery  has  always  the 
principal  part  to  perform. 

I  Combination  of  the  Three  Arms  in  (he  Composition  and  Organization  of  an 

Army, 

Tr4da  de  I'Art  Jomini  says,  it  may  be  admitted  as  a  general  rule,  that  one-sixth  part  of  the  force 
de  la  Ouorrc,  of  an  army  in  the  field  should  be  composed  of  cavalry.  This  may  be  regarded  as  a 
maximum.  Three  pieces  of  artillery  to  a  thousand  men  is  by  the  same  writer  fixed 
Pp&rts,  chap.  vii.  ^  ^  maximum,  which  experience  teaches  need  never  be  exceeded.*  When  the 
infantry  and  cavalry  are  courageous  and  well  disciplined,  a  smaller  proportion  of 
artillery  will  suffice,  and  in  most  circumstances  good  troops  will  not  require  more 
than  two  guns  to  a  thousand  men. —  Vide  Aide-Mdmoire,  article  *  Artillery,' 

In  this  organization  of  an  army,  the  range  of  artillery  forms  the  most  natural  and 
proper  basis  for  the  primary  combinations  of  the  three  arms. 

In  these  primary  combinations  the  number  of  guns  and  the  strength  of  the  cavalry 
are  arbitrary,  f  but  the  strength  of  the  infantry  should  be  so  proportioned  to  the  range 
of  the  guns,  that  the  front  of  the  infantry  when  deployed  shall  not  exceed  double  the 
effective  range  of  the  guns. 

•  The  effective  strength  of  the  infantry  boing  represented  by  unity,  that  of  the  cavalry 
shotild  be  i  in  a  war  carried  on  in  a  champaiij^n  country  such  as  Belgium  or  Germany ;  ^  in  a 
country  like  Spain,  and  only  J_  in  a  country  like  Italy. 

In  1832  the  ratio  of  the  dinercnt  arms  in  the  French  army  was — Infantry  =  1 ;  Cavalry  = 

11  1  1 

77  ;  Artillery  =  g ;  Sappers  and  Miners  (gtfnie)=-  gr;  Waggon  train  (^uipagea)="^.    {Laitufg 

Aide-Mimoirf,  chap.  xii.  section  1. 

In  the  estimate  for  1802-3,  the  naimljers  of  the  different  arms  in  the  British  army  gave  the 

following  ratio— 

Infantiy  (Colonial  corps) =1 

1 
Cavalry  (Military  Train  included) =   rr^r 

1 
Ai-tillcry —    TU" 

1 
Kngincers =   oo-a 

\  In  the  corps  d'arm6e  organized  by  Na]>oleon  at  the  camp  at  Boulogne,  the  cavaby  was 
altogether  withdrawn  from  the  divisions.  This  system,  though  the  Emperor  adhered  to  it  in 
his  subsequent  campaigns,  is  not  approved  of  by  Marmont. — Vide  Etprit  dn  Hutiiutions 
Militairts,  part  iii.  chap  i. ;  see  also  Jominif  PrMt  d<  VArt  de  la  Guerre^  chap.  vii.  art.  48. 
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By  adding  to  an  assemblage  of  mixed  diriBions,  organized  in  this  way,  two  resenres^ 
the  one  composed  exclasively  of  £fftillery,  the  other  of  a  mass  of  caralry,  supported  by 
a  few  horse  batteries,  a  force  will  be  constitnted  in  which  the  three  arms  are  combined 
in  a  way  which  is  adapted  to  the  exigencies  both  of  defensiye  and  offensire  warfitre. 

In  the  mixed  divisions  the  three  arms  mutually  support  one  another,  and  are  so 
<combined  as  to  facilitate  the  simultaneous  development  of  their  destructive  powers, 
which  is  the  mode  of  development  most  suitable  to  the  conditions  of  defence. 

By  means  of  the  reserves  the  power  of  each  arm  may  be  developed  separately  and 

the  different  arms  made  to  act  successively,  which  in  offensive  operations  is  frequently 

preferable  to  their  simultaneous  employment. 

Esprit  doa  ^^®  proportion  in  which  Marmont  recommends  that  the  three  arms  should  be  com- 

Institutions        bined  in  the  mixed  divisions  is,  two  batteries  of  foot  artillery  and  seven  or  eight 

part,  iii  chap.  i.  liundred  cavalry  to  eight  or  ten  thousand  infantry. 

These  proportions  are  applicable  to  the  three-deep  formation  of  infantry,  in  which 
the  extent  of  the  front  of  a  division  of  10,000  men  is  about  1950  yards.  In  the  two- 
deep  formation,  even  8000  men  is  too  great  for  the  maximum  limit  of  the  strength  of 
the  infantry  of  the  mixed  division.  A  line  of  8000  men  formed  two  deep  is  upwards 
of  2300  yards  in  length,  and  assuming  1200  yards  as  the  maximum  effective  range  of 
field  artillery,  two  batteries  placed  one  on  each  flank  of  a  line  2300  yards  in  length 
would  afford  a  very  feeble  defence  to  the  central  parts  of  the  intermediate  space. 

Two  batteries  cannot  afford  an  efficient  defence  to  more  than  6000  infantry  formed 
two  deep  :  this  is  at  the  rate  of  two  guns  to  a  thousand  men,  but  in  order  to  provide 
for  the  support  of  the  cavalry  and  the  formation  of  batteries  of  reserve,  three  guns  to 
a  thousand  men  will  be  required  if  two  batteries  and  6000  men  be  fixed  as  the  proper 
strength  of  the  artillery  and  infantry  in  the  composition  of  the  mixed  division.* 
_     .    ,  The  strength  of  the  cavalry  reserve,  Marmont  says,  should  in  no  case  exceed  6000 

Institutions        men,  that  number  being  sufficient  to  insure  success  in  any  enterprise  which  cavalry 

JlStm**chap.  i.  ^"^  reasonably  attempt. 

Napoleon,  he  adds,  in  his  last  campaigns  organized  corps  of  cavalry  composed  of 
three  divisions,  and  numbering  at  least  12,000  horses  :  this  idea  was  monstrous,  and 
«    incapable  of  any  useful  application  on  the  field  of  battle. 

The  annexed  states  exhibit  the  application  of  the  above  principles  to  the  details  of 
the  composition  and  organization  of  an  army  in  which  48,000  infEintry  is  assumed  as 
the  basis  for  the  formation  of  the  force.  (See  StcUeSf  Numbers  One  and  TwOf  given 
in  the  next  page.) 

According  to  this  view  the  mixed  division  is  the  elementary  fraction  in  which  the 
three  arms  are  first  intimately  combined. 

An  army  is  the  unit  or  perfect  whole,  and  is  constituted  by  the  combination  of 
cavalry  and  artillery  reserves,  with  a  suitable  number  of  mixed  divisions. 

When  the  force  placed  under  the  command  of  a  General  exceeds  100,000  men,  the 
cavalry,  infantry,-  and  artillery  should  not  be  united  by  the  direct  combination  of  their 
aggregate  masses,  but  a  multiple  organization  should  be  adopted  by  dividing  the  force 
into  two  or  more  bodies,  called  corps  d'armie^  each  containing  a  proper  proportion  of 
cavalry,  infantry,  and  artillery,  and  so  organized  as  to  constitute  a  distinct  and  inde- 
pendent army,  capable  of  being  employed  either  separately  as  an  individual  unit,  or 
conjunctly  as  one  of  those  composing  the  total  of  a  compound  body. 

•  If  the  division  bo  unavoidably  formed  in  two  lines,  the  artillery  being  only  required  for 
the  defence  of  the  front  line,  the  strength  of  the  infantry  may  be  doubled,  that  Is  to  say,  two 
batteries  will  suffice  for  12,000.—  Vide  Appendix  B. 

Noie.—Ka  every  division  of  infantry  is  divided  into  brigades,  the  most  natural  formation 
will  have  at  least  one  brigade  in  reserve,  or  in  a  second  line.— J?(2i<or«. 


610 


TACTICS   OF   THE   THREE    ARMS. 


STATV  HUMBEB  OKS. 

ComposUum  of  a  Corps  d^ Armies  2  Guns  to  1000  Men. 


Description  of 
Force, 

- 
No.  of  Divisions. 

Composition  of  one  Division. 

Total  Force. 

O 

8 

a 

si 

6 

Batteries  of  6  Oans. 

1 

a 

1 

& 

HO 

f 

• 

i 

SL 

f 

Foot  Field 
Artillery. 

i 

5 

u 

< 

1 

n 

1"! 
III 

Mixed  Diviaions 

6 

8 

2 

•  •  • 

•  •  • 

1 

i 

1 

1  48,000 

3600 

96 

Cavalry  Beserres  , 

2 

•  •  • 

30 

•  •  • 

1 

•  •  • 

«  •  • 

6000 

12 

Artillery  Beserres . 

•  •  • 

•  •  ■ 

• «  • 

... 

2 

3 

■ 

1 

1 

•  •  • 

•  •  • 

30 

Total      .     .     . 

•  •  • 

•  •  • 

•  •  • 

... 

•  «  • 

1 
1 

...    1 

1 

1 
48,000 

9600 

138 

STATE   KUXBBR  TWO. 

Companion  of  a  Corps  d*AmiSe,  3  Ouns  to  1000  Men  (nearly). 


Description  of 
Forco. 


Mixed  Divisions  . 
Cavalry  Beserves  . 
Artillery  Beserves . '    ... 


Composition  of  one  Division. 

Batteries  of  6  Guns. 

• 
OB 

a 

'^ 

8 

^"* 

fci 

o 

3 

c 

o 
o 

Battallona  of 
men. 

1 

Squadrons  of 
men. 

Foot  Field 
Artillery. 

Home  ArtiUe 

1 

Reserves  and 
Position. 

8 

4 

2 

■  •  • 

*4 

■  •  • 

30 

1 

■  •  •               A               •  •  • 

•  •  • 

•  •  • 

«  •  • 

•  •  • 

3 

.Total  Force. 


I 
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a 
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48,000 


Total 


48,000 


► 


e 

09 


$1 
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3200 


6000 


144 


12 


30 


9200  i  186 


Combinations  of  the  Tlwee  Arms  for  the  Defence  of  a  Position. 
In  circumstances  where  troops  act  wholly  on  the  defensive  (as  for  instance  in  the 
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defence  of  works),  artillery  and  infantry  are  the  only  descriptions  of  force  which 
can  act  effectively ;  in  snch  circumstances,  caralry  is  less  required.  An  army  in  the 
field,  howeyer,  should  always  be  prepared  to  repulse  the  attack  of  an  enemy,  not 
merely  by  the  vigorous  use  of  those  means  by  which  an  assault  is  repelled,  but  also 
by  the  development  of  all  its  offensive  resources,  through  the  medium  of  a  judicious 
counter-attack. 
Prfcis  de  TArt  Jomini  says,  **  A  General  who  awaits  the  enemy  like  an  automaton,  without  having 
chap.  iv.  sect.  SO.  formed  any  other  design  than  that  of  fighting  bravely,  is  invariably  forced  to  give  way 
whenever  he  is  properly  attacked  ;  not  so  a  General  who  awaits  an  attack  with  the 
firm  resolution  to  combine  great  manoeuvres  against  his  adversary,  so  as  to  regain  the 
moral  advantage  given  by  the  impulse  of  attack,  and  by  the  certainty  of  bringing  Ids 
masses  to  bear  on  the  most  important  point, — a  certainty  which  in  combinations 
simply  defensive  can  never  be  secured. 

*'He  indeed  who  awaits  an  attack  in  a  well-chosen  position  where  his  movements 
are  free,  has  the  advantage  of  observing  the  approach  of  the  enemy.  His  troops, 
properly  arranged  relatively  to  the  ground  and  aided  by  batteries  so  placed  as  to  act 
with  the  greatest  effect,  have  it  in  their  power  to  make  their  adversaries  pay  dearly 
for  the  ground  that  separates  the  two  armies ;  and  if  the  assailants,  already  shaken  by 
their  serious  losses,  find  that  they  are  themselves  attacked  at  the  very  moment  when 
they  imagined  victory  within  their  grasp,  it  is  not  probable  that  the  advantage  will 
remain  on  their  side,  for  the  moral  effect  of  the  offensive  being  in  this  way  assumed 
by  an  adversary  believed  to  be  beaten  is  well  calculated  to  stagger  the  most 
audacious."  ' 

In  accordance  with  these  views,  Jomini  defines  the  objects  of  defence  to  be — "In 

'  the  first  place,  by  multiplying  obstacles  to  impede  the  approach  of  an  enemy,  and 

afterwards  by  the  judicious  management  of  strong  reserves  to  be  able  at  the  decisive 

moment  to  act  vigorously  on  the  offensive  at  points  where  a  feeble  resistance  is  all 

that  the  enemy  has  been  led  to  expect,  and  all  that  he  is  prepared  to  contend  with.** 

It  is  obvious,  that  in  conducting  the  defence  of  a  position  on  these  principles 
cavalry  will  be  no  less  serviceable  than  the  other  arms. 

In  the  formation  of  an  army  for  the  purposes  of  defence,  certain  general  dispositions, 
such  as  the  arranging  of  the  force  in  several  successive  lines,  the  order  of  formation 
of  the  troops  on  each  alignment,  and  the  relative  positions  of  the  cavalry,  infantry, 
and  artillery,  are  in  a  great  measure  independent  of  the  nature  of  the  position  to  be 
defended.  The  details  of  formation,  such  as  the  configuration  of  the  lines  of  defence 
(whether  straight,  convex,  concave,  or  irregular),  the  distance  between  the  different 
lines,  and  the  proportion  of  the  total  force  which  should  be  allotted  to  each,  cannot 
be  absolutely  determined.  These  details  depend  principally  on  local  circumstances, 
and  require  to  be  so  arranged  that  the  lines  of  formation  may  correspond  with  the  lines 
of  defence  determined  by  the  accidents  of  the  ground  to  be  occupied,  and  that  a 
greater  force  may  be  provided  for  the  defence  of  those  points  where  no  natural 
obstacles  exist,  than  for  those  where  the  ground  is  strong  and  the  position  difficult  of 
access.* 

The  following  outline  of  the  method  of  arranging  an  army  for  the  defence  of  a  fixed 
position  only  embraces  those  points  which  are  common  to  all  defensive  arrangements. 
It  will  be  found  consistent  with  the  general  practice  of  modern  commanders  and 
suitable  to  the  conditions  imposed  on  the  development  of  the  power  of  the  three 
arms  by  the  objects  of  Defensive  Warfare. 
.. ,     .  The  infantry  is  drawn  up  in  four  alignments. 

•  See  article  *  Position.' 
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The  troops  on  the  first  alignment  are  formed  at  open  or  skirmishing  order;  on  the 
second  thej  are  in  close  order ;  on  the  third,  formed  in  columns  of  battalionB  at 
deploying  distance,  supported  by  strong  divisions,  each  consisting  of  one  or  more 
brigades  formed  in  mass  of  battalion  colomns. 
Pr«ciBdo  I'Art        t^^  skirmishers  being  always  detached  from  the  line  in  their  rear  are  not  reckoned 
chap. TiL art 43.  as  a  distinct  corps;  although  therefore  the  deyelopment  of  the  infantry  is  fonrfoldy 
Esprit  do8  7®^  ^^  diyision  is  only  threefold.    The  three  fractions  are  respectiyely  distiDgaiBhed 

Institutions        as  the  first  and  second  lines  and  the  resenre. 
iii.  chap.  viiL  The  cavalry  is  drawn  up  in  rear  or  on  the  flank  of  the  infantry. ' 

The  squadrons  of  the  mixed  divisions  are  distributed  along  the  rear  of  the  second 
line  of  infantry,  immediately  behind  the  divisions  to  which  they  are  attached,  ont  of 
cannon-shot. 

The  cavalry  reserves  may  be  formed  in  £chelIon  on  the  flanks  of  the  army,  or  they 
may  be  posted  in  rear  of  the  second  line  of  infantry,  so  as  to  support  some  partieaUr 
part  of  the  portion  where  the  ground  is  favourable  for  the  action  of  cavalry. 

The  artillery  attached  to  the  mixed  diviuons,  reinforced  by  a  portion  of  the  heavy 
batteries  of  the  reserve,  should  be  so  placed  as  to  flank  the  deployed  line  of  in£sniry 
in  the  same  way  as  the  bastions  of  a  forUfication  flank  the  intermediate  curtains.* 

By  this  arrangement  a  cress  fire  of  artillery  will  co-operate  with  a  direct  fire  of 
musketry  to  defend  every  point  of  the  position,  and  to  oppose  the  approach  of  an 
attacking  force.  The  horse  batteries,  f  and  the  remainder  of  the  heavy  batteries  of 
the  artillery  reserve,  are  formed  in  columns  on  the  flank,  or  in  the  rear  of  the  inCuitiy 
reserves. 

When  an  army  thus  arrayed  for  defence  is  attacked  by  an  enemy,  the  first  resistance 
is  offered  by  the  skirmishers  detached  from  the  first  line.  Extended  in  front  of  tii« 
position,  supported  by  squadrons  of  light  cavaby,  and,  where  possible,  protected  by 
natural  obstacles,  these  troops  by  a  fire  of  musketry  vigorously  oppose  the  dond  of 
light  troops  thrown  forward  by  the  enemy  to  cover  the  deployment  of  his  columns. 
As  soon  as  the  enemy  approaches  within  cannon-shot,  the  artillery  by  which  the 
position  is  defended  opens  its  fire,  first  co-operating  with  the  effects  of  the  light  troopa 
in  retarding  the  establishment  of  the  hostile  batteries,  and  afterwards  endeayonring 
to  silence  their  fire  and  dismount  their  guns. 

When  the  light  troops  of  the  defenders  have  been  driven  in,  should  the  enemy  pnah 
forward  masses  of  infantry,  the  fire  of  the  infantry  and  guns  occupying  that  part  of 
the  positiou  which  is  assailed  are  concentrated  on  these  troops.  :|: 

If  the  advancing  masses  are  not  checked  by  this  concentrated  fire,  a  bold  charge  of 
the  opposing  line  often  strikes  them  with  dismay,  arrests  their  progress,  and  drives 
them  back  in  confusion. 

*  Artillery  in  an  order  of  battle  is  placed  at  the  salients,  and  at  those  points  where  the 
position  i.s  weakest,  either  from  those  points  being  easy  of  access,  or  from  the  smaUncas  of  the 
force  defending  them.  It  ought  to  be  placed  so  as  to  enfilade  the  different  roads,  communi* 
cations,  ravines,  and  outlets  of  valleys  by  which  the  enemy  can  present  themsolves ;  above 
all,  it  is  necessary  that  it  should  bo  able  to  play  upon  the  foot  of  the  heights  upon  which  it  is 
established  :  eight  feet  in  one  hundred  is  the  maximum  of  inclination  of  those  slopes  which 
offer  an  advantagems  position  for  a  battery.— iawvitf^  Aide-M^tnoire,  chap.  xiL  sect.  1. 

t  At  least  one-half  of  the  horse  artillery  should  be  kept  in  mass  with  the  reserve,  in  order 
to  be  rapidly  moved  to  any  point  where  it  may  bo  wanted. — /omt/it,  Pr^it  dc  VArt  de  la  Guerre^ 
vol.  il.  p.  274 ;  see  also  VEsprii  det  InHilutions  Hilitairts^  part  iii.  chap.  1. 

X  It  ought  never  to  be  forgotten,  that  in  action  the  principal  office  of  every  species  of  artil-' 
lery  is  to  crush  the  troops  of  the  enemy,  and  not  to  reply  to  his  batteries ;  nevertheless,  it  i* 
well  not  to  leave  the  enemy's  batteries  entirely  unmolested  :  a  third  jvirt  of  the  disposable 
g^ns  may,  therefore,  be  employed  to  annoy  the  enemy's  artillery,  but  at  least  two-thirds  must 
l)e  constantly  employed  against  the  infancy  and  cavalry. 
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If,  instead  of  infantry,  masses  of  cayalry  be  employed  to  force  a  position,  the 
infiintry  defending  it  form  battalion  sqnares,  the  ammnnition  waggons  and  limbers 
are  withdrawn,  and  the  guns  distributed  in  half-batteries  or  sections  between  the 
squares,  within  which  at  the  moment  of  attack  the  gunners  take  refuge. 

If  the  enemy  fail  in  breaking  the  squares,  the  cayalry  in  rear  of  the  division 
attacked  instantly  charges  and  gradually  succeeds  in  driving  back  the  assailing 
squadrons.  The  attacks  of  the  French  cavalry  were  in  this  way  repeatedly  repulsed 
by  the  Austrians  at  Aspem  (or  Essling),  and  by  the  British  at  Waterloo. 

The  first  efiforts  of  an  attacking  force  are  invariably  resisted  by  the  skirmishers  and 
first  line  of  the  force  attacked,  in  the  manner  above  described. 

Should  the  enemy  be  successful  in  overcoming  the  resistance  of  the  first  line,  the 
same  uniformity  of  practice  does  not  exist  with  regard  to  the  method  of  employing 
the  second  line  and  reserves  in  resisting  his  further  progress.  Sometimes,  after  the 
repulse  of  the  first  line  we  find  the  second  line  deploying,  assuming  a  new  line  of 
defence,  and  defending  it  precisely  on  the  same  principles  as  the  first  line  was 
defended  :  meanwhile  the  reserves  manceuvre  so  as  to  be  ready  in  case  of  a  second 
disaster  to  deploy  in  a  third  position,  and  to  endeavour  to  maintain  it  by  a  third 
repetition  of  the  original  system  of  defence.  Sometimes,  on  the  other  hand,  as  soon 
as  the  enemy's  plan  of  attack  is  fully  developed,  or  at  all  events  as  soon  as  it  becomes 
evident  that  the  first  line  will  not  be  able  to  maintain  its  ground,  we  find  the  second 
line,  in  co-operation  with  the  cavalry  reserves,  assuming  the  offensive,  and  endeavour- 
ing by  the  combination  of  skilful  manoeuvres  with  a  bold  counter-attack  to  drive  back 
and  overthrow  any  portion  of  the  hostile  force  which  may  either  have  succeeded  in 
penetrating  the  first  line,  or  which  may  have  compromised  itself  in  making  the 
attempt. 

The  advantages  of  the  latter  system  have  already  been  indicated,  and  some  further 
observations  will  be  found  in  the  next  section,  tending  to  show,  that  if  the  second  line 
simply  attempt  to  maintain  its  position,  it  runs  a  great  risk  of  being  involved  in  the 
defeat  of  the  first,  whereas,  if  it  boldly  attack  the  enemy  before  his  troops  have  time 
to  recover  from  the  disorder  occasioned  by  their  struggle  with  the  first  line,  it  is 
highly  probable  that  the  effort  will  be  successful,  and  will  result  in  the  complete 
repulse  of  the  enemy's  force. 

Nevertheless,  it  must  be  admitted  that  there  are  cases  where  the  opposite  system 
may  be  adopted  with  advantage,  and  that  good  troops  arrayed  in  a  scries  of  defensive 
lines  may  maintain  themselves  in  a  strong  country  against  very  superior  numbers, 
whereas  by  attempting  to  operate  ofifensively  they  would  in  such  circumstances  incur 
a  great  risk  of  involving  themselves  in  a  contest,  which,  in  case  of  the  issue  being 
unfavourable,  would  result  in  their  total  ruin. 

Bear-guards,  when  attacked,  are  usually  obliged  to  conduct  their  defence  on  this 
system,  to  avoid  the  risk  of  more  than  one  line  being  forced  by  a  single  effort :  tho 
distance  between  the  lines  should  be  considerable ;  the  line  in  the  rear  should  bo^ 
supported  by  artillery,  and  the  defence  of  the  first  line  should  be  abandoned  in  time 
to  prevent  the  troops  being  broken  and  overwhelmed  by  contact  with  the  superior 
masses  of  the  enemy. 

Combinations  of  the  Three  Arms  for  the  AttctcJc  of  a  Position, 
The  following  observations  respecting  combinations  for  attack  are  extracted  from 
the  4th  chapter  of  Jomini's  *  Pr6cis  de  TArt  de  la  Guerre  :' 

''The essential  object  of  an  offensive  battle  being  to  dislodge  the  enemy  firom  his 
position,  and  above  all  to  throw  him  into  the  utmost  possible  disorder,  the  employ- 
ment of  physical  force  must  usually  be  relied  on  as  the  most  efficacious  means  for 
arriving  at  these  results.     Nevertheless,  it  sometimes  happens  that  the  hazard  of 
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tnuting  Bolely  to  the  employment  of  force  ie  so  great,  that  saooeiB  may  be  more  easily 
obtained  by  means  of  mancBUTree  calculated  to  outflank  the  wing  of  the  eoemy'a 
army  which  is  nearest  his  line  of  retreat.*' 

Of  these  two  means  of  attack,  being  the  employment  of  physical  £9roe,  and  the 
employment  of  outflanking  manoeuyres,*  the  former  is  that  which  is  the  intermediate 
object  of  the  present  inrestigation.      Concerning  it,  Jomini  delivers  the  foUowiag 

<<It  is  difficult  to  determine,  in  an  absolute  manner,  which  method  is  the  best  that 
can  be  employed  to  force  an  enemy^s  line  to  quit  its  position.  Any  order  of  battle  or 
of  formation  which  should  succeed  in  combining  the  advantages  of  fire  with  those  of 
the  impulse  of  attack,  and  of  the  moral  effect  it  produces,  would  be  a  peiieot  order, 
lines  and  columns,  skilfhlly  mingled,  and  acting  alternately  as  circumstances  aad 
opportunities  vary,  will  always  be  a  good  system." 

In  the  following  passage,  Jomini  first  describes  the  method  of  combining  artiUecy, 
eavaliy,  and  infimtry,  in  attacking  the  first  line  of  an  enemy ;  he  then  discusses  the 
value  of  success  in  the  first  shock,  with  reference  to  the  manner  in  which  such  sooeesi 
afiects  the  ability  of  each  of  the  contending  armies  to  renew  the  struggle,  and  to  the 
influence  which  it  exercises  on  the  final  event  of  the  engagement 

**  The  different  means  that  must  be  used  to  carry  a  position,  that  is  to  say,  to  break 
the  enemy's  line,  and  to  compel  it  to  retreat,  are,  first,  to  shake  the  Ime  by  a  superior 
fire  of  artillery,  then  to  produce  in  it  a  certain  degree  of  disorder  by  a  well-timed 
charge  of  cavalry,  and  finally  to  direct  on  the  line,  thus  shaken  and  disordered,  masses 
of  in&ntry,  preceded  by  skirmishers,  and  flanked  by  a  few  squadrons  of  cavalry  :  even, 
however,  taking  it  for  granted  that  a  combined  attack  of  this  sort  will  be  sueoeasfa] 
against  the  enemy's  first  line,  there  still  remains  to  be  beaten  the  second  line^  aad 
after  it,  the  reserve.  At  this  point  the  difficulties  of  the  attack  would,  therefore,  have 
only  become  more  serious  than  before,  were  it  not  that  the  moral  effect  of  the  defeat 
of  the  first  line  frequently  leads  to  the  retreat  of  the  second,  and  causes  the  General 
of  the  army  attacked  completely  to  lose  his  presence  of  mind. 

'*  Yet  it  is  evident,  that  in  spite  of  their  success,  the  troops  of  the  first  line  of  the 
assailants  most  also  be  somewhat  disorganized,  and  that  it  will  frequently  be  veiy 
difficult  to  replace  them  by  those  of  the  second  line  ;  not  merely  because  the  troops 
of  the  second  line  do  not  always  follow  the  movements  of  the  operating  masses  after 
they  arrive  within  the  range  of  musketry,  but  more  especially  because  it  is  always 
hazardous  to  replace  one  divison  by  another  in  the  midst  of  a  battle,  and  at  the  instant 
when  the  enemy  should  make  the  most  powerful  efforts  to  resist  the  attack. 

<<  There  is,  then,  every  reason  to  believe,  that  if  the  General  and  the  troops  of  the 
force  attacked  did  their  duty,  retained  their  presence  of  mind,  and  were  not  menaeed 
on  their  flanks  and  line  of  retreat,  the  advantage  of  the  second  shock  would  be 
almost  always  on  their  side.  But,  in  order  to  secure  this  result,  it  is  absolutely 
essential  to  recognise  by  a  rapid  and  decisive  glance  the  precise  instant  when  it 
becomes  expedient  to  precipitate  the  second  line  and  cavalry  reserves  upon  the 
victorious  battalions  of  the  enemy.  Even  the  loss  of  a  few  minutes  may  become 
irreparable,  for  the  risk  is  incurred  of  the  second  line  being  involved  in  the  defeat  of 
the  first,  and  hurried  away  with  it  in  its  flight. 

<<  The  following  truth  respecting  the  conduct  of  on  attack  results  from  the  pre- 
ceding observations  : — 

**  The  most  difficulty  but  at  the  same  time  the  most  certain,  means  of  success  is,  to 
support  efficiently  the  line  first  engaged  by  the  troops  of  the  second  line,  and  these 

*  The  battle  of  Yittoria  is  a  good  oxample.^Editorf. 
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by  the  reserye^  at  the  same  time  carefully  calculating  the  employment  of  the  cavalry 
and  artillery  reserves,  so  that  the  decisive  straggle  with  the  second  line  of  the  enemy 
may  be  aided  by  their  co-operation. 

"  This  is  the  greatest  of  all  the  problems  connected  with  the  tactics  of  battles. 

"  It  is  in  the  resolution  of  this  important  problem  that  theory  becomes  uncertain 
and  difficult  in  its  application,  because  it  here  finds  itself  unequal  to  the  emergency, 
and  must  always  remain  inferior  to  the  spontaneous  suggestions  of  a  genius  naturally 
warlike,  or  the  instincts  of  an  eye  habituated  by  the  practice  of  command  to  survey 
the  turmoil  of  battle  with  a  calm,  intrepid,  penetrating  glance.  To  devise  means  at 
the  decisive  crisis  of  an  engagement  for  the  employment  of  a  force  composed  of  all 
the  arms  combined  in  the  greatest  possible  numbers  (exclusive  of  a  very  small  reserve 
of  each  arm,  which  should  always  be  kept  on  hand),  is  then  the  problem  to  the  reso- 
lution of  which  every  skilful  General  will  apply  himself,  and  according  to  the  condi- 
tions of  which  he  will  regulate  the  movements  and  combinations  of  the  forces  under 
his  commMidw 

*'Mo&t  commonly  the  decisive  crisis  of  an  engagement  is  the  moment  when  the 
first  line  of  one  of  the  contending  armies  is  broken,  and  when  the  utmost  efforts  of 
both  are  exerted — on  the  one  side,  in  order  to  complete  the  victory  ;  on  the  other,  in 
order  to  snatch  it  from  the  enemy. 

''It  is  unnecessary  to  say  that  a  simultaneous  attack  on  the  ei^emy^s  flank  will 
have  a  most  powerful  influence  in  rendering  the  decisive  blow  more  certain  and 
effectual." 

The  following  sketch  of  the  formation  of  an  army  for  an  attack,  and  of  the  manner 
of  conducting  it,  is,  with  some  alterations  and  abridgments,  translated  from  Giusti- . 
niani's  *  Essai  sur  la  Tactique  des  trois  Armes.* 

When  an  army  approaches  the  position  which  it  is  intended  to  assail,  and,  as  the 
ground  opens,  the  distance  between  the  columns  of  route  is  diminished,  and  the 
breadth  of  their  fronts  is  gradually  enlarged. 

When  the  advanced  guards  begin  to  feel  the  enemy*s  piquets,  an  order  of  manoeuvre 
is  assumed,  by  subdividing  the  columns  of  route,  first  into  columns  of  divisions,  and 
then  into  columns  of  brigades,  between  the  heads  of  which,  intervals  sufficient  for 
deployment  are  preserved. 

Within  three-quarters  of  a  mile  or  a  mile  of  the  enemy  the  formation  of  attack  is 
developed.*  Bands  of  skirmishers,  supported  by  the  cavalry  and  artillery  attached 
to  the  divisions,  are  thrown  out.  Covered  by  the  fire  of  the  skirmishers  and  guns. 
Vide  Appendix  the  masses  of  columns  halt  and  deploy  into  line  of  contiguous  columns,  which  are 
formed  either  simultaneously  or  successively  on  a  double  alignment ;  the  reserve 
takes  its  station  1000  or  1200  yards  in  rear  of  the  second  line. 

When  the  enemy's  skirmishers  have  been  driven  back  to  a  sufficient  distance,  the 
batteries  advance  and  are  established  as  close  as  possible  to  the  hostile  line.  The 
infantry  follows,  and  the  cavalry  attached  to  the  divisions  retires  and  takes  post  in  rear. 

The  enemy's  position  is  now  vigorously  cannonaded  in  its  whole  extent :  suck 
battalions  of  the  front  line  as  are  much  exposed  to  the  projectiles  of  the  ftiemy 
deploy,  and  wherever  it  is  practicable  to  get  within  range,  a  fire  of  musketry  is 
opened  on  the  hostile  line. 

These  general  demonstrations,  when  judiciously  conducted,  by  pressing  the 
enemy  on   several  different  points,  are  calculated  to  distract  bis   attention,  and 

*  A  column  of  30,000  infantry  marching  on  a  singlo  road,  with  full  distance  between  its 
sections,  occupies  about  8700  yards.  From  two  hours  to  two  hours  and  forty  minutes  will  bo 
required  to  enable  this  force  to  deploy  on  a  double  alignment,  ono-half  of  the  force  to  tho 
right,  and  the  other  to  the  left  of  the  road. 
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to  give  a  wrong  direction  to  the  moveinenUi  of  his  reeerreB.    Meanwhile,  preparaUons 

are  made  for  a  deciuve  e£fort :  for  this  purpose  a  fayonrable  point  is  selected  on 

Md8  do  I'Art     ^hich  the  fire  of  the  ailillery  reaenre  is  suddenly  concentrated ;  under  cover  of  this 

chap.  vlL  art!  4C.  fire,  arrangements  are  made  to  precipitate  an  oYcrwhelming  force  on  the  troops  by 

which  it  is  defended. 

This  force  should  consist  both  of  cavalry  and  infantry. 

The  order  for  it  to  advance  should  not  be  given  until  the  enemy^s  line  shews 
symptoms  of  being  shaken  by  the  cannonade. 

At  length  it  is  perceived  that  its  fire  begins  to  slacken,  or  perhaps  some  indications 
are  observed  of  an  intention  to  e£fect  a  change  of  posiUon. 

This  is  the  critical  moment  to  command  a  charge. 

According  to  circumstances,  cither  the  cavalry  or  infantry  may  lead.  When  the 
cavalry  leads,  the  charge  is  executed  in  several  successive  lines. 

If  the  troops  attacked  have  not  time  to  form  squares,  or  if  the  squares  give  way» 
not  only  will  the  position  be  carried  by  this  method  of  attack,  but  the  infantry 
defending  it  will  be  ridden  down  and  destroyed. 

Columns  of  infantry  formed  at  deploying  distance  should  follow  the  cavalry. 

According  to  circumstances,  these  columns  may  either  continue  their  advance, 
deploy  on  the  i>osition  they  have  won,  or,  if  to  save  his  broken  in&ntry,  the  enemy 
bring  forward  his  reserves  of  cavalry,  they  must  form  square  so  as  to  enable  the 
squadrons  dispersed  in  pursuit  to  be  collected  and  re-formed  in  their  rear. 

Should  it  be  determined  to  employ  infantry  to  carry  a  i>osition,  a  line  of  battalion 
columns,  connected  by  skirmishers  filling  the  intervals,  is  the  formation  which  seems 
Vide  Appendix    ^  combine  the  greatest  number  of  advantages. 

The  cavalry  deployed  on  the  flank  of  the  line  of  columns  is  ready  to  repulse  any 
attack  of  the  enemy's  cavalry. 

If  on  the  near  approach  of  the  attacking  columns  the  troops  defending  the  position 
give  way,  the  cavalry  must  endeavour  to  cut  off  their  retreat,  and  effect  their 
destruction  by  a  charge.  If  this  cannot  be  effected,  the  infantry  columns  will  halt, 
the  guns  and  second  line  will  move  forward  to  their  support,*  and  preparations  will 
be  made  either  for  maintaining  the  ground  that  has  been  gained,  or  for  a  farther 
advance,  as  circumstances  may  require. 

The  general  views  contained  in  the  following  extract  from  LaisnS's  '  Aide-M^moire 
Fortatif*  will  serve  to  connect  together  the  preceding  sections,  and  to  conclude  the 
subject  of  Attack  and  Defence. 

"All  the  combinations  for  the  conduct  of  an  army  in  a  battle  maybe  reduced 
to  three  systems. 

"The  first  system,  which  is  purely  defensive,  consists  in  awaiting  the  attack  of  an 
enemy  in  a  strong  position,  without  any  other  design  than  that  of  maintaining 
possession  of  the  ground. 

"The  second,  on  the  contrary,  which  is  entirely  offensive,  consists  in  marching  to 
attack  the  enemy  wherever  an  enemy  can  be  found. 

"Tne  third  is  a  middle  term  between  the  two  others  ;  it  consists  in  choosing  an 
advantageous  field  of  battle,  awaiting  the  attack  of  the  enemy,  and  seizing  during  the 
combat  a  favourable  opportunity  to  assume  the  initiative. 

"  It  is  only  the  two  last  systems  which  can  be  advantageously  adopted. 

"  Regarding  the  application  of  these  two,  the  following  rules  may  be  laid  down  as 
generally,  though  not  absolutely  and  invariably,  true  : — 


*  In  conducting  an  attack,  care  must  be  taken  not  to  compromise  tho  foot  artillery.  It  may 
be  placed  bo  as  to  afford  efficient  support  to  tho  troops  without  following  too  closely  the 
attacking  cdumns.— /omin»,  Pr^it  de  VAri  dt  la  (?Mem,  chap,  vii  art.  M. 


TACTICS   OF   THE   THREE   ARMS.  617 

'^  1.  WitH  troops  accustomed  to  war  and  in  an  open  country,  i^  is  always  most 
advantageous  to  assome  the  initiative,  and  to  act  on  a  system  purely  ofifensive. 

**2.  In  a  difficult  country,  with  well-disciplined  and  obedient  troops,  it  is  perhaps 
most  advantageous  to  await  the  attack  of  the  enemy  in  a  good  position  previously 
selected,  and  not  to  assume  the  offensive  until  the  enemy's  troops  have  by  their  first 
efforts,  to  a  certain  extent,  exhausted  their  strength. 

*^  3.  The  strategical  position  of  the  two  parties  may  render  it  indispensable  for  one 
of  them  to  attack  by  main  force  the  position  of  his  adversary,  without  any  reference 
to  local  considerations  ;  for  example,  this  may  be  necessary,  to  prevent  the  junction  of 
two  corps,  to  &11  upon  a  detached  portion  of  an  army,  or  to  overwhelm  an  isolated 
corps  on  the  further  bank  of  a  river." 

Combinations  of  the  Three  At^jm  in  the  Movements  of  Armies, 

The  general  principle  for  the  regulation  of  these  combinations  is  laid  down  in 
Ginstiniani^s  Ninth  General  Rule — 

'*In  manoeuvres  and  march  manoeuvres,  in  order  to  facilitate  the  simultaneous 
movements  of  the  three  arms,  it  is  necessary  carefully  to  avoid  obliging  any  one  of 
them  to  adopt  tbe  rate  of  march  peculiar  to  the  others.'* 

In  route-marching  on  a  high  road  the  infantry  march  at  the  head  of  the  column, 
next  come  the  artillery  and  baggage,  and  the  cavalry  bring  up  the  rear  ;  the  hours  of 
commencing  the  march  are  so  regulated  that  considerable  intervals  may  separate 
each  species  of  force. 

When  manoeuvring  in  presence  of  an  enemy,  the  three  arms  should  not  be  mingled 
in  the  same  column,  but  each  arm  should  move  on  the  point  where  it  is  to  form  in  a 
separate  column ;  the  cavalry  generally  being  in  tbe  flanks,  the  infantry  in  the  centre, 
and  the  artillery  between  the  cavalry  and  infantry,  and  also,  when  the  infiEtntry 
columns  are  numerous,  in  the  intervals  between  the  columns. 

When  cavalry  manoeuvres  in  front  of  infantry,  the  infantry  ought  to  be  formed  in 
battalion  columns  at  deploying  distance.  If  the  cavalry  be  beaten,  the  broken 
squadrons  retire  through  the  intervals  of  tbe  columns  which  form  square,  and  oppose 
by  their  fire  the  pursuit  of  the  enemy's  cavalry. 

When,  on  the  other  hand,  infantry  manoeuvres  in  front  of  cavalry,  the  cavalry 
ought  to  deploy  in  their  rear,  ready  to  cover  by  a  charge  the  retreat  of  tbe  infantry. 

In  the  movements  of  lines,  whether  executed  by  the  fractions  moving  alternately  in 
chequer  or  successively  in  Echelon,  the  artillery  is  so  distributed  as  to  fire  by  alter- 
nate divisions.  The  cavalry  is  kept  in  readiness  to  debouch  either  by  the  flanks  of  the 
line  or  by  the  intervals  between  the  fractions  of  which  its  formation  is  composed. 

The  retreat  of  a  line  retiring  by  alternate  or  successive  fractions  is  greatly 
facilitated  by  a  sudden  and  judicious  display  of  cavalry, 
utftiniaui.  <<Iq  all  offensive  movements,  and  especially  in  the  passage  of  lines  to  the  fron^ 

the  artillery  supported  by  cavalry  precedes  the  infantry,  and  covers  the  movement 
by  the  formation  of  batteries  in  a  lateral  and  advanced  position,  so  as  to  bridg 
a  cross  fire  to  bear  on  the  enemy. 

''If,  on  the  other  hand,  it  is  required  to  effect  the  passage  of  lines  in  retreat,  a 
portion  of  the  artillery  is  placed  in  a  good  position  in  rear, — the  remainder  continues 
its  fire  until  the  first  line  of  troops  begins  to  retreat,  and  then  follows  the  movement. 
The  cavalry  is  kept  in  readiness  to  check  the  pursuit  by  a  charge." 

In  changing  the  direction  of  a  line,  a  strong  battery  is  first  established  on  the 
pivot  flank. 

When  the  change  of  direction  is  to  the  front,  the  cavalry  takes  post  on  the  outer 
flank,  and  follows  the  movement.  When  the  change  is  to  the  rear,  the  cavalry 
masks  and  covers  the  movement  by  deploying  on  the  old  alignment. 

VOL.  III.  3  s 
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OONCIUSIOH. 

A  sketch  has  now  been  given  of  the  principles  which  ought  to  regulate  the 
combinations  of  the  three  arms.  It  cannot  be  doubted  that  the  proper  application 
of  these  principles  exercises  a  very  important  influence  on  the  result  of  battles. 

But  however  highly  this  influence  may  be  estimated,  it  must  be  admitted  that 
there  is  much  truth  and  force  in  the  following  remark  of  Jomini  :— 

**  Victory  does  not  always  depend  on  the  superiority  of  the  arm  employed,  but 
equally  on  a  thousand  other  circumstances.  The  courage  of  the  soldiers,  the 
presence  of  mind  of  the  general,  a  well-timed  manoeurre,  cold,  heat,  rain,  and  ercn 
mud,  have  all  contributed  to  reverses  and  successes.  Let  us  then,  conclude,  aa  a 
general  maxim,  that  a  brave  man,  whether  on  foot  or  on  horseback,  should  always  be 
able  to  get  the  better  of  a  coward." 

APPENDIX    A. 

Formations  for  Attach. 

1.  Cavalry. — The  formations  which  are  most  suitable  for  the  execution  of  charges 
against  cavalry,  infantry,  and  artillery,  are  explained  in  the  article  'Mancouvres  of 
Cavalry.* 

2.  Infantry. — In  arranging  a  mass  of  infantry  for  the  attack  of  a  position,  one  or 
other  of  these  four  systems  of  formation  must  necessarily  be  adopted  : 

1.  It  may  be  formed  in  a  line  consisting  of  two  or  three  ranks. 

2.  In  a  line  of  battalion  columns. 

3.  In  a  mass  of  columns. 

4.  In  a  line  partly  deployed  and  partly  in  column. 

Concerning  the  first  of  these  three  systems,  Jomini  writes : — ''Is  it  possible  to 
conduct  the  march  of  an  immense  line,  consisting  of  battalions  deployed  and  firing 
as  they  march  ?  I  believe  that  it  is  not.  To  set  in  motion,  with  the  view  of  carrying 
a  well-defended  position,  twenty  or  thirty  battalions  formed  in  line,  and  keeping  up 
a  fire  either  by  files  or  by  divisions,  is  to  resolve  to  arrive  at  the  position  in  disorder, 
like  a  flock  of  sheep,  or  rather  it  is  to  resolve  not  to  arrive  there  at  all.*' 

Concerning  the  third  system,  he  says,  ''This  is  certainly  the  formation  which  is 
least  suitable  for  leading  troops  against  an  enemy.  We  have  seen  in  the  last  wars 
divisions  of  twelve  battalions  deployed  and  heaped  on  one  another,  forming  a  mass  of 
thirty -six  crowded  ranks.  Such  masses  are  exposed  to  the  ravages  of  artillery, — ^they 
impede  freedom  of  movement  and  the  communication  of  a  forward  impulse,  without 
contributing  anything  to  stability  and  strength.  The  adoption  of  this  formation  waa 
one  of  the  causes  of  the  failure  of  the  French  at  Waterloo ;  and  if  Maodonald's  column 
succeeded  better  at  Wagram,  it  paid  dearly  for  its  success ;  nor  is  it  probable  that 
this  column  would  have  extricated  itself  victoriously  from  the  situation  in  which  at 
one  time  it  was  placed,  had  it  not  been  for  the  favourable  issue  of  the  attack  of 
Davoust  and  Ondinot  on  the  left  of  the  Archduke.** 

The  second  and  fourth  systems  are  both  spoken  of  with  approbation  by  Jomini. 
He  says,  ' '  Of  all  the  experiments  which  I  have  seen  to  ascertain  the  best  formation 
for  leading  infantry  against  an  enemy,  that  which  seemed  to  me  to  succeed  the  best 
was  the  march  of  twenty-four  battalions  in  two  lines  of  battalion  columns  formed  at 
deploying  distance.  The  first  line  advanced  at  the  quick  step,  and,  on  arriving  within 
twice  the  range  of  musketry,  deployed  in  double  time.  The  light  companies  of  each 
battalion  extended  to  cover  the  formation ;  when  it  was  completed,  the  other  eom- 
panics  commenced  file-firing.  The  second  line  followed  the  firsts  and  the  columns 
composing  it,  passing  through  the  intervals  left  by  the  light  companies,  threw  them- 
selves on  the  enemy.    It  is  true  that  this  was  not  done  in  piesenoe  of  a  roal  enemy, 
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but  it  seemed  to  me  imponible  that  aBjthing  ooold  haye  resisted  the  double  effect 
of  the  fire  of  the  line  and  the  impulse  of  the  columns.** 

The  columns  considered  by  Jomini  most  eligible  for  the  purposes  of  attack  are 
columns  of  grand  divisions  formed  on  the  two  centre  companies  of  battalions,  con* 
sisting  of  eight  companies,  each  of  three  ranks  ;  this  gives  a  depth  of  twelve  ranks  to 
the  column  :  ten  ranks  will  be  the  depth  of  a  column  similarly  formed  by  a  battalion 
of  ten  companies,  each  consisting  of  a  doable  rank. 

APPENDIX    B. 

On  the  DistribiUion  of  Troops  formed  on  a  double  AlignmerU, 

1.  Cavalry. — All  tacticians  agree  in  thinking  that  when  cavalry  is  formed  on 
several  alignments,  the  general  officer  who  commands  any  portion  of  the  front  line 
must  also  command  the  corresponding  portions  of  the  lines  in  its  rear. 

Jomini  says,  '*  In  deploying  a  division  of  two  brigades  it  would  be  wrong  to  place 
one  brigade  in  the  front  line  and  the  other  in  its  rear ;  the  proper  arrangement  would 
be  to  place  one  regiment  of  each  brigade  in  the  front  line,  and  the  other  regiment  in 
the  second  :  thus  each  unit  of  the  line  would  have  its  own  reserve  immediately  in  its 
rear,  an  advantage  which  is  by  no  means  to  be  undervalued,  for  in  cavalry  charges 
events  succeed  one  another  so  rapidly  that  it  is  impossible  for  a  general  officer  to  be 
master  of  two  regiments  deployed.** 

2.  Infantry. — It  is  a  disputed  point  whether  it  is  better  to  deploy  a  division  of 
infantry  on  a  single  alignment,  or  to  deploy  one-half  on  the  first  line  and  one-half 
immediately  in  its  rear  on  the  second.  The  advantages  of  deploying  each  division  on 
a  single  alignment  are— 

(1.)  Changes  may  be  made  in  the  disposition  of  one  of  the  lines,  and  portions  of  it 
may  be  removed  from  one  flank  to  the  other  without  reference  to  the  disposition  of 
the  other  line,  and  without  destroying  the  unity  of  a  division  by  separating  its  halves. 

(2.)  In  effecting  the  deployment  of  a  column  composed  of  several  divisions,  the  first 
line  will  be  formed  more  quickly  if  all  the  battalions  composing  the  divisions  at  the 
head  of  the  column  deploy  on  the  same  alignment,  than  if  the  first  and  second  lines 
be  formed  simultaneously  by  the  divisions  successively  deploying  one-half  on  the  first 
and  one-half  on  the  second  alignment. 

The  advantages  of  deploying  a  division  on  a  double  alignment,  and  placing  one-half 
in  rear  of  the  other,  are — 

(1.)  The  troops  in  front  and  those  in  rear  being  commanded  by  the  same  individual| 
those  in  front  will  be  more  promptly  and  effectively  supported  than  if  the  officer 
commanding  the  first  line  had  no  command  over  the  troops  in  his  rear.  This 
advantage  is  considered  by  Marmont  as  conclusive. 

(2.)  The  whole  of  the  divisional  artillery  mt^  be  placed  in  battery  in  the  front  line 
without  any  part  of  it  being  separated  from  the  division  to  which  it  is  attached. 

Qiustiniani,  who  discusses  this  question  very  fully,  thus  sums  up  the  argument : — 

Both  methods  may  be  good,  and  on  any  particular  occasion  the  circumstances  of  the 
ease  must  determine  which  is  to  be  preferred.  For  example,  in  an  open  level  country, 
where  a  contiguous  line  of  battle  must  be  formed,  the  whole  of  a  division  should  bo 
deployed  on  a  single  line  ;  in  a  hilly,  woody,  broken  country,  on  the  contrary,  where 
the  line  of  battle  must  be  formed  of  detached  parts,  it  may  frequently  be  preferable 
to  form  a  division  in  a  double  line,  for  it  must  be  admitted  that  it  is  impossible  to 
exercise  an  effective  superintendence  over  a  great  extent  of  front  broken  by  the 
accidents  of  ground,  such  as  ravines,  ditches,  woods,  &c.*' 

A.  HOBKRTSOH. 
8S2 
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TAMBOUR.*— -A  (amhaurf  as  its  name  imports,  especially  relates  to  the  proiee- 
tlon  of  gateways  or  other  means  of  access  to  works ;  and  although  this  description  of 
dcfensire  work  is  more  generally  considered  in  the  character  of  a  tcm]iorary  expe- 
dient (and  is  included  by  French  writers  as  a  '  r^doit  en  charpente*)  than  as  farming 
a  part  of  permanent  construction,  it  is  so  applicable  in  retrenching  the  places  of  arms 
of  a  covert- way,  for  covering  the  pas  de  souris,  and  descent  into  the  ditch  of  a  fortress^ 
and  in  detached  lunettes,  as  well  as  in  covering  the  entrance  of  small  forts,  when  a 
tenaille  or  ravelin  could  not  be  adopted,  that  there  appears  no  reason  why  on  such 
occasions  the  line  of  cover  should  not  be  a  brick  wall  instead  of  a  stockade* 

The  tambour  figure  has  sometimes  been  a  segment  affording  a  converging  fire ;  but 
it  is  much  better  to  give  it  an  angular  form,  cutting  off  portions  of  the  angles  about 
six  feet  on  each  side,  if  it  be  desired  to  obtain  direct  fire  on  their  capitals.  The  best 
figure  for  a  tambour  is  that  of  two  faces  and  flanks,  returned  also  to  the  gorge  if 
necessary.  Generally,  the  faces  should  be  at  least  80  feet  long,  and  the  flanks  20  to 
25  feet. 

The  exterior  should,  if  possible,  be  flanked  from  some  part  of  the  principal  or  a 
collateral  work  ;  and  with  a  pointed  ditch  in  front ;  or  surrounded  by  a  row  of  short 
palisades,  to  check  an  enemy  under  the  fire  from  the  tambour. 

Tambours  en  charpente  are  constructed  of  squared  or  sided  timbers  placed  dose  to 
each  other,  planted  vertically  about  3  or  4  feet  in  the  ground,  and  rising  aboot 
8  feet  above  it.  The  scantling  should  be  7  inches  thick,  if  of  oak  or  hardwood, 
and  about  10  inches  thick,  if  of  fir.  The  stockade  thus  formed  is  pierced  by  two  rowa 
or  tiers  of  crenels,  or  common  narrow-mouthed  loopholes,  the  height  of  which  will 
depend  upon  the  desired  line  of  fire  ;  but,  as  a  tambour  is  of  low  relief  or  profile,  not 
intended  for  command,  the  lower  row  of  loopholes  may  be  about  3  feet,  and  the  upper 
tier  4  feet  4  inches  above  ground,  with  intervals  of  8}  or  4  feet, — the  upper  crenel 
being  over  the  centre  of  the  lower  interval. 

It  LB  desirable  that  the  interior  line  of  tambour  should  be  covered  by  a  blindage 
sufiiciently  strong  to  resist  the  effect  of  grenades,  thus  forming  a  gallery  about  6  feet 
wide,  the  roof  being  supported  on  a  row  of  inner  columns.  This  or  some  less  sub* 
stantial  shed-roof  is  especially  desirable  for  all  stockades  or  advanced  musketry 
retrenchments  in  countries  subject  to  heavy  falls  of  snow,  so  that  the  banquette  may 
be  always  in  a  state  to  be  manned  by  infantry. 

Although  tambours  are  usually  made  of  timber,  it  may  be  advantageous  in  some 
cases  to  adopt  more  permanent  construction  for  tbis  description  of  small  defensive 
post;  and  then  a  crenelled  wall  of  brickwork,  with  a  groined  corridor,  having  a 
ridge  or  batardeau-like  top,  will  bo  preferable  to  a  temporary  construction. 

A  permanent  tambour,  to  serve  also  as  a  guard-house  to  a  re-entering  place  of 
arms,  was  constructed  in  the  covert-way  of  Quebec  citadel,  on  the  suggestion  of  the 
Inspector-CJeneral  of  Fortifications  in  1842 ;  and  tambours  of  temporary  oonstrucUoa 
were  recommended  by  the  Duke  of  Wellington,  in  front  of  the  gateways  of  barracks 
in  Ireland,  in  1843.  -E.  F. 

TELEGRAPH,  ELECTRIC— See  «  Voltaic  Elkotwcitt.' 
TELEGRAPII,  FIELD.f — «The  telegraphs  were  composed  of  a  mast  and 


*  By  the  Lite  Mnjor-Gcncral  Fanahawo,  R.E. 

t  From  •  Memoranda  relative  to  the  IJncs  thrown  up  to  covoi*  Lisbon  iu  ISIO.'    By  Mi^or- 
Genoral  Kir  John  Jones,  Bart.,  K.C.B.  &  R.E. 
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yard,  from  which  latter  balls*  were  saspended  :  the  rocabnlary  naed  was  that  of  the 
Navy,  many  sentences  and  short  expressions  peculiar  to  the  Land  Service  being 
added*  These  telegraphs  readily  oommnnicated  with  each  other  at  the  distance  of 
seven  or  eight  miles ;  bnt  in  consequence  of  the  ranges  of  hills  interrupting  the  view, 
it  required  five  principal  stations  to  communicate  along  the  front  line." — {See  article 
•Fortification,  Field,'  vol  ii.  p.  29.) 
The  telegraphs  were  worked  by  a  party  of  seamen. 


Fig.  1. 


Pig.  2. 
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Oenerdl  Description  of  the  Universal  Telegraph, 

For  the  day  signals,  the  telegraph  consists  of  an  upright  post  of  moderate  height, 
of  two  moveable  arms  fixed  on  the  same  pivot  near  the  top  of  it,  and  of  a  mark, 
called  the  indicator,  on  one  side  of  it.     (See  Flate  L  fig.  1.) 

Each  arm  can  exhibit  the  seven  positions  1,  2,  3,  4,  5,  6,  and  7,  exclusive  of  its 
quiescent  position,  called  *  the  stop,'  in  which  it  points  vertically  downwards,  and  is 
obscured  by  the  post.  Fig.  1  also  represents  the  telegraph  exhibiting  the  sign  17, 
the  other  positions  of  which  the  arms  are  capable  being  dotted.  The  indicator  merely 
serves  to  distinguish  the  low  numbers,  1,  2,  and  8,  from  the  high  numbers,  7,  6,  and 
5,  so  that  this  telegraph  is  not,  like  most  others  that  have  been  proposed,  liable  to 
ambiguity  or  error  when  viewed  from  different  points  in  contrary  directions.:*! 

The  use  of  the  indicator  will  appear  more  evident,  on  considering  the  resemblance 
between  the  small  Roman  letters  b  and  d,  or  p  and  q,  which,  if  viewed  in  contrary 
directions,  like  telegraphic  signs,  could  never  be  distinguished  one  from  the  other, 
without  some  additional  mark. 

Fig.  2,  Plate  I.,  represents  the  telegraph  fitted  up  for  making  nocturnal  signals. 
One  lantern,  called  the  central  light,  is  fixed  to  the  same  pivot  upon  which  the 
arms  move.  Two  other  hmtems  are  attached  to  the  extremities  of  the  arms.  A 
fourth  lantern,  used  as  an  indicator,  is  fixed  on  the  same  horisontal  level  with  the 


•  Balls  constructed  of  wicker  or  basket-work  arc  frequently  used,  and  at  a  little  distance 
appear  solid ;  hence  they  may  bo  made  by  Sappers,  in  the  manner  of  gabions  or  hiutllcs.  See 
figs  1  and  2. — Editor 9. 

t  By  the  lato  Lieut. -General  Sir  Charles  Pasloy,  K.C.B.,  F.R.8.,  ii  R.E. 

X  Tlie  idea  of  the  indicator,  which  was  not  a  part  of  my  original  plan,  but  without  which  I 
am  now  of  opinion  that  no  teleg^raph  is  perfect,  suggested  itself  in  consequence  of  a  remark 
made  by  my  friend  Captain  John  Tallour,  of  the  Royal  Navy,  who  informed  me  that  he  had 
experienced  the  greatest  inconvenience  In  using  Sir  Home  Popham's  ship  semaphores,  from 
the  signal-men  confounding  the  positions  of  the  arms  when  seen  in  reverse. =C.  P. 
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central  light,  at  a  duiance  from  it  eqaal  to  twice  the  length  of  one  arm,  and  in  the 
iame  plane  nearly  in  which  the  arms  reToWe.  Hence  the  whole  apparatoa  consists  of 
two  fixed  and  of  two  moveable  lightSi  four  in  all. 

The  number  of  telegraphic  signs,  combinations,  or  changes  which  this  telegraph  is 
capable  of  exhibiting  are  only  twenty-eighty  bat  these  are  amply  sufficient  for  every 
purpose  of  telegraphic  communication,  whether  by  the  alphabetical  method,  or  in 
reference  to  a  Telegraphic  Dictionary  of  words  and  sentences.  These  signs  are 
represented  in  Flatc  II.  in  a  doable  column,  shewing  the  appearance  of  the  same 
combinations,  both  by  day  and  night. 

In  some  few  of  the  nocturnal  signs,  it  will  be  observed  that  one  of  the  lights  is 
marked  black.  This  only  happens  when  one  of  the  moveable  lanterns  is  supposed  to 
be  in  its  quiescent  position,  hanging  vertically  down  below  the  centre  light.  In  this 
case,  as  the  lantern  may  be  exhibited  on  either  side  of  the  post,  it  may  sometimes  be 
seen  and  sometimes  not  by  the  distant  observer.*  At  first  I  proposed  to  interpose  a 
couple  of  screenSf  one  on  each  side  of  the  post,  to  hide  the  lanterns  altogether,  when 
in  this  position.  Afterwards  that  idea  was  abandoned,  it  having  been  found  in 
practice  that  it  made  no  difference,  in  regard  to  the  clearness  of  the  signs  alluded  to, 
whether  the  moveable  lanterns  were  seen  or  obscured  when  in  the  position  denoted  by 
the  black  circles. 

The  indicator,  both  by  day  and  night,  being  merely  a  maik  and  nothing  more^ 
which,  when  once  seen,  requires  no  further  attention  to  be  paid  to  it, — and  the  central 
light  by  night  and  the  post  by  day  being  also  merely  guides  to  the  eye, — the  signs  of 
this  telegraph  are,  in  reality,  composed  of  the  combinations  of  two  moveable  bodies 
only  by  day  and  of  two  moveable  lights  only  by  nighty  being  the  smallest  number  of 
parts  with  which  an  efficient  telegraph  can  possibly  be  formed  :  and  in  this  diminu- 
tion of  the  number  of  combinable  parts,  as  well  as  in  the  unity  of  plan,  consists  the 
superior  simplicity  of  this  telegraph,  as  compared  with  other  efficient  telegraphs  that 
have  been  proposed. 

The  Mechanical  Construction  of  the  Universal  Telegraph,  (Pkte  I.  figs.  3  and  4.) 
The  arms  and  the  indicator  for  the  day  signals  are  made  of  wood,  framed  and 
panelled,  for  the  sake  of  lightness. t  The  indicator  plays  in  a  mortise  cut  in  the 
upper  part  of  the  post,  and  is  let  down  into  its  horizontal  and  raised  into  its  vertical 
position  by  means  of  a  small  rope  and  a  small  pulley.  The  arms  must  be  fixed 
externally,  one  on  each  side  of  the  post,  and  must  be  exactly  counterpoised  by  means 
of  light  frames  of  open  ironwork,  which  become  invisible  by  day  at  a  little  distance, 

*  A  great  difficulty  is  hitherto  said  to  have  attended  the  night  signals  in  the  Royal  Navy,  in 
Consequence  of  the  ombarraasing  circumstances  of  one  or  more  of  the  lights  exhibited  being 
liable  to  bo  extiuguishcd  by  eddy  winds  thrown  off  from  the  leaches  of  the  sails  in  stormy 
weather. 

Admitting  that  this  difficulty  should  prove  insuperable,  upon  which  point  I  ahall  not  pre- 
sume to  decide,  a  question  arises  as  to  the  best  and  simplest  mode  of  guarding  against  mistakes 
arising  fh>m  this  cause,  which  in  general  tignals,  relating  to  manoeuvres,  might  lead  to  unplea- 
sant, if  not  to  pernicious,  consequences.  An  effectual  remedy  for  this  evil  (in  fact  I  see  no 
other)  is  to  make  a  rule  of  never  exhibiting  any  sign  with  fewer  than  four  lights.  This  being 
understood,  if  the  signal-men  who  receive  a  message  should  at  any  time  observe  fewer  lights 
than  foiu*,  they  will  loiow  that  an  accident  has  occurred  in  consequence  of  the  wind,  and  they 
will  therefore  take  no  notice  of  the  apparent  sign  displayed  imtil  the  complete  number  of  four 
lights  again  appears. 

This  arrangement  can  be  adopted  In  regard  to  the  nocturnal  tel^fraph  by  exhibiting  the 
quiescent  light  always  in  front  of  the  iKwt  when  two  ships  only  are  telegraphing  to  each 
other,  but  a  little  to  one  side  of  it  in  telegraphing  both  to  the  front  and  the  rear ;  also  by 
disusing  the  sign  called  *  the  stop,'  in  which  two  or  three  lights  only  appear,  and  exhibiting 
one  of  the  preparoHvu  always  in  lieu  of  it. 

t  In  a  very  hot  climate  plates  of  light  copper  may  be  used  for  the  panels. 
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And  whioh,  eTen  when  yittwad  oloaely,  do  not  impair  the  cle«rneM  of  the  telegraphic 
Bigns.  Thifl  preoaation  is  absolutely  necesBary,  otherwise  the  arms  will  not  remain 
in  any  given  position  without  being  held  by  the  hand  or  stopped  by  some  mechanical 
contrivance,  which  would  be  a  very  great  inconvenience  in  the  practice  of  signal- 
making. 

Motion  may  be  communicated  to  the  telegraphic  arms  by  means  of  an  endless  chain 
passing  round  and  acting  upon  a  couple  of  pulleys,  one  of  which  is  fixed  to  the  arm 
itself,  and  turns  upon  the  same  pivot,  whilst  the  other  moves  upon  a  pivot  fixed  to 
the  lower  part  of  the  post.  The  chain  consists  alternately  of  single  and  double  plates 
of  an  oblong  form,  and  riveted  together  at  the  ends  on  the  principle  of  a  watch-chain* 
The  two  pulleys  at  top  and  bottom  being  finished  with  great  care,  perfectly  equal, 
and  having  projecting  teeth  or  studs  fixed  in  a  groove  in  each  to  engage  the  double 
or  open  parts  of  the  chain,  the  telegraphic  arm  above  will  always  follow  to  a  hair's 
breadth  the  movements  of  an  index  or  lever  below,  attached  to  the  lower  pulley, 
which  has  a  dial-plate  opposite  to  it,  marked  on  the  post,  for  the  guidance  of  the 
operative  signal-man.* 

In  the  field,  or  on  board  ship,  a  leathern  strap  or  a  rope  may  be  substituted  in  lieu 
of  the  chain,  for  the  sake  of  economy ;  but  as  these  expedients  are  incapable  of  the 
same  accuracy  as  the  former,  the  signal-men,  in  working  by  them,  must  not  trust  to 
the  indices,  but  must  regulate  the  positions  of  the  arms  chiefly  by  the  eye.  Th« 
surface  of  the  pulleys,  when  intended  for  a  strap,  must  be  moderately  convex,  thoi« 
for  the  rope  moderately  concave,  and  both  should  be  broader  than  when  a  chain  is  to 
be  used.  The  leathern  strap  requires  an  extra  pulley  of  a  smaller  size  for  pressing  in 
one  side  and  tightening  it  when  the  telegraph  is  to  be  used.  This  pulley  is  fixed  to 
a  small  lever  attached  to  the  middle  of  the  post,  and  is  thrown  into  action  by  ft 
string. 

When  a  rope  is  used,  three  turns  of  it  are  taken  round  each  pulley,  hauling  it  taut 
at  the  same  time,  after  which  the  two  ends,  being  previously  prepared  with  thimbles, 
or  eye-splices,  are  brought  towards  each  other  and  made  fast  by  a  lanyard,  or  smaller 
rope,  passing  through  the  eyes.f 

When  the  strap  or  rope  is  used,  the  lower  pulley,  instead  of  having  one  short 
lever  only,  serving  as  an  index,  may  have  four  such  levers,  so  as  to  resemble  a  small 
windlass. 

At  the  end  of  each  arm  two  light  pieces  of  iron  meet  in  an  angle  of  45  degrees, 
forming  an  open  triaogle,  to  the  vertex  of  which  the  moveable  lantern  (L)  is  attached 
by  means  of  a  pin.  A  cylindrical  weight  (W)  must  be  fixed  at  the  same  time  to  tho 
end  of  the  iron  counterpoise  to  restore  the  proper  equilibrium  of  the  arms,  which  is 
of  course  deranged  by  the  addition  of  the  lantern  (see  figs.  8  and  4),%    As  the  lanterns 


•  The  chain  is  first  posted  loosely  round  both  pulleys,  after  which  the  pivot  of  the  lower 
pulley  is  acted  upon  by  a  couple  of  screws  to  force  it  down  u  small  vertical  groove  in  the  post, 
by  which  means  the  chain  is  tightened  and  rendered  fit  for  use.  I  had  a  telegraph  constructed 
in  this  manner  at  Chatham  in  1817,  by  Mr.  Robert  Ilowe,  Clerk  of  Works  in  the  Royal 
Engineer  Department,  of  which  a  model  was  sent  to  the  Secretary  of  the  Admiralty  in  1818. 

The  above  method  of  moving  telegraphic  arms  by  means  of  the  lever  and  chain  is  much 
more  expeditious,  and  also  simpler  In  point  of  workmanship,  than  the  winch  and  wheel-wock 
and  endless  screw-rods  originally  adopted  for  the  same  purpose  in  the  Admiralty  semaphtH'es. 
In  fact,  in  moving  the  arm  from  one  position  to  another  the  chain  will  work  at  least  four  times 
quicker  than  the  winch. 

t  This  contrivance  was  u»cd  for  working  the  Admiralty  ship  semaphores.  Its  great  sim- 
plicity recommends  it  for  the  sea  service,  although  in  other  rcsi>ccts  not  the  most  convenient 
method. 

t  By  this  Arrangement  of  the  ironwork  which  supports  the  lanterns,  they. always  hang 
clear  of  it  in  the  regular  positions,  and  the  iron  counterpoises  are  modo  so  much  shorter  than 
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and  wciglitSy  and,  in  sliort,  every  addition  necessary  for  exhibiting  tbe  nootnmal 
signals,  are  fixed  at  dusk,  and  removed  by  daylight,  it  becomes  necessary,  at  permanent 
stations,  that  the  roof  of  the  signal-honse  over  which  the  telegraph  standa  should 
be  formed  with  a  small  flat  terrace,  accessible  by  means  of  a  ladder  or  staircase. 

In  the  intermediate  stations  of  a  permanent  telegraphic  line  on  shore  two  lanterns 
are  required  to  do  the  duty  of  the  centre  light,  one  on  each  side  of  the  telegraphic 
post,  because  one  lantern  can,  of  course,  be  seen  in  one  direction  only,  owing  to  the 
intervention  of  the  post.  These  two,  as  well  as  the  two  moveable  lanterns,  are  fixed 
externally  at  a  sufficient  distance  from  the  plane  of  the  arms  to  prevent  them  from 
striking,  as  in  fig.  4,  in  which  C  C  are  the  central  lanterns,  L  L  the  moveable  lanterns, 
and  W  W  the  weights  added  to  counterpoise  them. 

The  indicator  light  (I)  may  either  be  fixed  to  a  separate  post,  as  represented  in 
fig.  2,  or  it  may  l>e  attached  to  a  rod  (r),  strengthened  by  a  brace  (6),  and  guy-ropes 
{ffg)t  as  in  fig.  3,  which  is  an  elevation  of  the  Universal  Telegraph,  fitted  up  for 
night  signals,  on  a  scale  larger  than  that  of  the  former  expUnatory  figures.  The 
apparatus  now  alluded  to,  having  only  one  lantern  to  support,  may  be  made  extremely 
light.  The  end  of  the  rod  drops  into  a  small  open  mortise  at  the  head  of  the  post, 
and  has  a  semicircular  groove  on  its  lower  surface,  which  is  engaged  by  a  horizontal 
bolt  driven  through  the  sides  of  the  post.  A  small  rope  fixed  to  the  end  of  the  rod, 
but  omitted  in  fig.  3  for  the  sake  of  clearness,  is  made  fast  to  a  cleat  upon  the  post 
below,  to  prevent  the  rod  from  moving.  The  foot  of  the  brace  is  secured  to  the  post 
by  a  plate  and  stud.  ^ 

This  apparatus,  which  entirely  depends  upon  the  telegraphic  post>  and  turns  with 
i^  may  be  fixed  or  disengaged  in  a  moment,  and  is  peculiarly  adapted  for  ships  and 
for  field  service,  in  which  the  length  of  the  telegraphic  arm  does  not  exceed  from  5  to 
6  feet.  But  at  permanent  stations  on  shore,  where  larger  telegraphs  would  probably 
be  used,  the  apparatus  for  supporting  the  indicator  lamp  should  be  a  permanent 
fixture,  to  save  the  trouble  of  continually  shipping  and  unshipping  it.  At  such 
stations,  if  the  signals  were  required  to  be  made  in  various  lines  or  directions,  the 
pole  for  supporting  the  indicator  lamp  should  be  fixed  to  the  post  at  bottom,  so  as  to 
stand  out  from  it  obliquely,  like  a  ship's  bowsprit,  with  lifts  or  ropes  to  support  it, 
leading  to  the  top  of  the  post,  and  a  couple  of  guys  to  secure  it  from  lateral  motion. 
Hence  one  oblique  spar  only  would  be  used,  instead  of  the  two  pieces  (namely,  the 
rod  and  brace)  before  described.  But  as  there  may  be  many  stations  in  a  telegraphic 
establishment  on  shore  in  which  the  signals  require  to  be  exhibited  in  one  invariable 
line  only,  at  all  such  stations  the  indicator  lantern  should  be  fixed  to  its  own  separate 
post,  which  may  either  be  placed  vertically  (as  in  fig.  2),  or  obliquely,  as  may  be 
considered  most  expedient.* 

Lamps  for  burning  oil  were  subsequently  brought  to  such  i>erfection  that  a  light 
of  sufficient  intensity  for  any  distance  suitable  for  telegraphic  purposes  might  easily  be 
obtained.  In  regard  to  form,  when  night  telegraphs  are  adopted  on  shore,  square 
^ampa,  having  the  two  glass  sides  opposite  to  each  other,  so  as  to  show  light  in  two 


tho  wocxlcn  arms  tkit  the  former  cannot  ol)8C»iro  tho  huitcms  as  thoy  revolve.  The  open 
spaco  in  wliich  tho  limtoms  hnnfj  when  in  number  4  position  slionld  bo  about  18  inches  high, 
if  largo  ones  aro  used.  But  a-s  it  nuiy  not  always  Ihj  convenient  to  increase  tho  length  of  the 
arm  ho  mtich,  let  the  ironwork  project  only  1  foot  Ixyond  the  end  of  tho  wooden  arm,  and  let 
tho  latter  have  a  bingo  by  wliich  :i)^)ut  6  inches  of  it  may  double  up  in  order  to  incrcaae  tho 
depth  of  tho  open  iwrt  for  the  night  signaL*.  Soo  fig.  3,  in  which  these  hinges  arc  repre- 
sented. 

•  Tho  oblique  i^^siiion  is  «..f  coiirsc  only  recommended  when  tho  roof  of  tho  aignal-hoiiao  is 
too  small  to  admit  of  tho  hidic;«tor  li\mp  ix>st  bciiis  fixod  vertically,  which  may  t*omctimc« 
happen. 
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directions  ouly,  are  the  most  proper.  But  for  sea  service  the  pattern  called  the 
'globe  lamp/  which  was  generally  adopted  in  the  Koyal  Navy  in  lieu  of  the  former 
signal-lantenis,  appears  to  be  decidedly  the  best.  In  this,  the  light  is  exhibited  in 
every  direction,  through  a  very  strong  globular  glass,  to  which  are  fitted  a  copper  top 
and  bottom,  pierced  with  air-holes.* 

In  respect  to  the  dimensions  proper  for  the  parts  of  the  Universal  Telegraph,  we 
ascertained  by  experiment  that  the  arms  for  the  day  signals  should  be  about  1  foot  in 
length  per  mile,  in  order  to  be  distinguished  by  a  common  portable  telescope  of 
moderate  power.  This  length  is  computed  from  the  centre  of  motion  to  the  end  of 
the  arm,  not  including  the  small  part  beyond  the  centre,  called  the  head.  By  the 
above  rule,  a  telegraphic  arm  of  6  feet  in  length  may  suffice  for  stations  6  miles 
apart ;  but  generally  speaking,  in  telegraphs  intended  for  permanent  stations,  where 
the  saving  of  weight  is  less  an  object,  it  may  bo  considered  best  to  add  a  little  to  the 
dimensions  thus  found. 

The  width  of  the  arm  need  not  exceed  ^ths  of  its  length,  and  should  not  be  less 
than  |th  or  Jth  of  the  same  dimension,  f  The  indicator  for  the  day  signals  should  be 
of  the  same  width,  but  only  jths  of  the  arm  in  length. 

The  height  of  the  post  should  be  such,  that  men,  or  other  moveable  objects,  pass- 
ing near  it,  shall  not  obscure  the  indicator  or  arms,  when  the  telegraph  is  erected  on 
the  deck  of  a  ship,  or  in  the  field.  But  when  placed  on  the  roof  of  a  permanent  sig- 
nal-house, the  projecting  part  of  the  post  need  not  exceed  the  telegraphic  arm  by 
more  than  Jrds  of  the  length  of  the  latter. 

It  is  desirable  in  all  cases  that  the  telegraphic  post  should  be  capable  of  turning  so 
as  to  exhibit  the  arms  in  various  directions,  t  On  board  ship  it  must  also  be  occa- 
sionally lowered.  Hence  it  becomes  necessary  to  step  it  upon  a  simple  open  circular 
joint  of  iron,  fixed  to  the  ship's  side  near  the  deck,  and  to  secure  it  by  an  iron  clamp, 
also  of  a  circular  form  attached  to  the  rail,  nearly  in  the  same  manner  as  the  ensign 
stafif  of  a  man-of-war  is  usually  fitted. 

The  telegraphs  hitherto  constructed  upon  this  principle  are  of  two  sizes ;  one 
having  arms  of  54  feet  in  length,  §  with  the  lantern  pivots  placed  64  feet  from  the 
centre  of  motion  ;  the  other  having  arms  of  24  feet  in  length  only,  with  the  lantern 
pivots  3  feet  2  inches  from  the  centre  of  motion.  The  former  arc  of  a  size  suited  to 
the  largest  class  of  men-of-war.  The  latter  are  perfectly  portable,  as  the  whole  appa- 
ratus, including  the  night  indicator,  lanterns,  &c.,  does  not  weigh  more  than  341t>s.  In 
clear  weather,  these  small  telegraphs  make  signals  distinctly  at  the  distance  of  three 
miles. 

Supposing  that  telegi-aphic  signals  should  be  required  on  a  sudden  emergency,  in 

*  I  am  informed  that  Lord  Cochnmo  ori^nolly  proi)oacd  the  globe  lamp,  but  UiO  pattern  to 
which  I  allude  is  coiwiderod  an  improvement.  I  have  not  been  able  to  ascertain  the  name  of 
the  i>atontco  or  maker.  The  largo  lamps  of  this  description  sold  in  Chatham,  and  the  stage- 
coach lamps  formerly  used  by  the  principal  proprietors  on  the  Dover  road,  wore  both  seen 
distinctly  at  the  distance  of  0  miles  in  clear  weather. 

t  Having  fixed  the  length  of  the  telegraphic  arm,  there  is  in  the  signs  exhibited  thereby, 
as  in  the  capital  letters  of  the  Roman  alphabet,  a  certain  proportional  width  not  only  pleasing 
to  the  eye,  btit  which  cannot  Ijo  diminished  beyond  a  certain  limit  without  causing  tho 
characters  to  become  indistinct.  On  board  ship,  where  tho  telegraph  may  often  be  seen 
obliquely,  a  broad  arm  is  more  essential  than  at  tho  fixed  telegraph  stations  on  shore,  whero 
this  inconvenience  seldom  occurs. 

t  Because  even  at  permanent  stations,  not  required  to  make  signals  in  more  than  one  align- 
ment, the  power  of  turning  enables  tho  siguid-mcn  to  adjust  tho  arms  and  tho  chains,  or 
other  contrivance  for  moving  them  when  necessary,  without  needlessly  attracting  tho  notice 
of  the  corresjxjndlng  stations. 

§  Wliicl)  corrcp^nds  with  the  size  of  tijc  A'bnir;ilty  fihip  pcmaplinrc-. 
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tome  sitnation  where  there  may  not  be  time  and  means  for  making  well-finiahed  tele- 
graphs, in  the  manner  that  has  been  described,  I  hare  ascertained  by  experiment, 
that  the  most  expeditions  and  satisfactory  arrangement  will  always  be  to  copy  the 
regnUu:  constmcUou,  as  closely  as  circnmstances  will  permit  A  post,  with  two 
planks  for  the  arms,  each  worked  merely  by  a  con  pie  of  strings  without  pulleys,  will 
eonstitnte  a  day  telegraph,  and  the  addition  of  lanterns,  ^.,  will  conrert  the  same 
simple  apparatus  into  a  nocturnal  telegraph.  In  both  cases  the  arms  must  be  coun- 
terpoised by  wood  or  iron,  and  also  by  weights,  but  in  a  ruder  manner  than  was 
before  described.  To  adopt  balls  or  flags  for  day  signals,  or  an  immoTeable  rect- 
angular frame,  with  ropes  and  pulleys,  for  supporting  the  lanterns,  for  night  signals, 
which  are  the  only  other  expedients  that  suggest  themselres  as  a  temporary  arrange- 
ment, will,  on  trial,  be  found  much  less  satisfactory  than  the  rudest  attempt  at  the 
counterpoised  telegraphic  arm. 

It  is  well  known  that  telegraphs  should  generally  be  painted  black,  and  that  for 
permanent  stations  they  should  always  be  erected,  if  possible,  upon  heights  haying  no 
background.* 

Of  a  Telegraphic  Llctionaryf  suited  to  the  Univertal  TeUg)Hiph, 

Several  Telegraphic  Dictionaries  have  been  composed  by  different  authors,  but  of  all 
that  I  hare  seen,  the  one  used  in  the  Royal  Navy,  which  was  compiled  by  the  lato 
Rear- Admiral  Sir  Home  Popham,t  appears,  upon  the  whole,  to  be  the  most  judlcioua. 
The  number  of  words  and  sentences  contained  in  it  does  not  exceed  13,000  ;  and  yet  I 
have  seldom  observed  a  deficiency  of  any  useful  word.  Another  author  has  composed 
a  Dictionary  of  a  similar  nature,  containing  upwards  of  31,000  words  and  phrases  ; 
and  a  third  has  composed  a  work  containing  more  than  140,000  words,  phrases,  and 
sentences.  It  may  be  observed  in  regard  to  this  subject,  that  the  extension  of  a  Tele- 
graphic Dictionary  beyond  a  certain  limit  is  an  evil,  because,  in  proportion  to  the 
number  and  length  of  the  sentences  contained  in  it,  it  becomes  so  much  the  more 
difficult  to  find  any  of  them  without  a  vast  loss  of  time. 

Hence  the  advantages  held  out  by  the  author  of  any  very  voluminous  Telegraphic 
Dictionary  must  always  be  in  a  great  measure  nugatory,  unless  the  place  of  every 
phrase  or  sentence  contained  in  it  could  be  known  by  intuition,  which  is  impossible. 

It  is  to  be  observed,  however,  that  the  comparative  compcndiousness  of  Sir  Home 
Popham's  Telegraphic  Dictionary  is  partly  owing  to  a  practice  which  he  has  carried  to 
the  greatest  possible  extent,  but  of  which  the  other  authors  alluded  to  have  availed 
themselves  more  sparingly,  or  not  at  all.  I  mean  the  system  of  classing  under  the 
same  article  of  his  Dictionary,  and  thereby  representing  by  one  common  signal,  all  the 
forms  of  the  same  verb,  as  well  as  every  noun,  adjective,  or  adverb  that  happens  nearly 
to  coincide  in  sound,  or  are  connected  in  signification.  Thus  the  words  'agree,' 
•agrees,*  'agreed,'  'agreeing,'  'agreeable,'  'agreeably,'  'agreement,*  'agreements,' 
would  all  be  denoted  by  one  and  the  same  signal,  and  comprehended  under  one  article 
in  Sir  Home  Popham's  Telegraphic  Dictionary. 

It  is  remarkable  how  very  few  ambiguities  this  sweeping  method  of  classing  the 
words  of  our  language  will  be  found  to  occasion  in  practice,  as  may  be  ascertained  by 
taking  any  sentences  at  random  out  of  a  book,  and  applying  Sir  Home  Popham's 
telegraphic  phraseology  to  them  ;  and  yet  it  cannot  be  denied  but  that  serious  mistakes 
may  arise  at  times  from  this  s^'stem. 


*  Sometimes  that  iuconvenienco  i8  uuuvuidublc.  Then  thuir  colour  should  form  a  contrast 
with  tliat  of  the  background.  In  certain  nituatiouH  the  latter  may  vary  at  different  periods 
of  the  day.  In  that  case  it  has  been  found  useful  to  point  the  arms  white  and  black  in  largo 
checkers,  each  occupjing  half  the  width  and  half  the  length  of  the  arm. 

t  And  revised  by  a  Committee  of  experienced  Na%al  OfBcew, 
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For  example,  the  phrMee — 'they  are  robbing,*  'they  are  robbed,*  and  'they  are 
robbers,*  although  different  in  eenee,  woold  all  be  ezpreeeed  by  the  same  signal  in 
Sir  Home  Popham^s  Dictionary.  The  phrases  '  a  robber  has  been  executed,*  and  '  a 
robbery  has  been  executed,*  would  also  be  expressed  by  the  same  signal ;  and  the 
phrases  '  they  are  going,*  and  '  they  are  gone,*  would  likewise  be  confounded. 

It  is  further  to  be  remarked  that  Sir  Home  Popham*s  Telegraphic  DicUonaxy  being 
necessarily  confined  to  the  use  of  the  Royal  NaTy,  is  not  arailable  for  general  senrice  ; 
and  CTen  if  this  restriction  did  not  exist,  it  is  erident  that  if  telegraphs  were  intro* 
duced  into  British  India  or  into  any  other  of  our  foreign  possessions,  a  number  of 
military  phrases  and  sentences,  and  a  great  number  of  local  words  and  phrases,  would 
require  to  be  introduced,  which  are  not  to  be  found  in  Sir  Home  Popham*s  book ;  and 
at  the  same  time  it  might  be  desirable  to  obyiate  the  degree  of  ambiguity  before  men* 
tioned  in  that  work.  This  would  require  every  yerb  to  be  expressed  in  two  forms 
instead  of  one,  and  some  of  the  nouns,  adjectires,  and  adyerbs  now  classed  under  the 
same  head  with  a  yerb,  or  with  each  other,  to  be  expressed  separately.  For  example^ 
the  word  rob  and  others  connected  with  it,  which  are  at  present  all  denoted  by  the 
same  signal,  might  be  divided  into  three  distinct  signals  in  the  following  manner  : — 

1st.  Bobf  robs,  robbing,  robbery ,  robberies^  and  to  follow  the  same  rule  in  regard 
to  other  verbs,  including  the  present  tense,  the  infinitive,  and  active  participle,  under 
the  same  head,  and  also  any  noun  of  the  same  sound,  or  even  of  kindred  meaning, 
provided  in  the  latter  case  that  it  be  an  action,  passion,  or  any  thing  inanimate. 

2nd.  Bobbed,  including  always  the  past  tense  of  the  verb  and  the  passive  participle 
under  one  head,  whether  they  be  the  same  in  sound  or  not. 

3rd.  Robber,  robbers,  and  to  follow  the  same  rule  in  regard  to  personal  nouns^ 
keeping  them  always  distinct  from  the  verbs. 

It  appears  also  advisable  that  the  adjective  aod  adverb,  when  difiElerent  in  sound, 
although  of  kindred  meaning,  should  likewise  be  separated  from  the  verb.  Hence  it 
would  be  proper  to  separate  the  various  words  classed  under  the  head  (tgree,  in  Sir 
Home  Popham*s  Telegraphic  Dictionary,  as  follows  : — 

1st,  Agree,  agrees,  agreeing,  agreement,  agreements. 

2nd.  Agreed, 

3rd.  Agreeable,  agi*eeably. 

If  a  select  Dictionary  on  Sir  Home  Popham*s  principle  were  thus  dilated,  it  would 
in  all  probability  increase  the  contents  of  the  work  from  13,000  to  about  25, 000  words 
and  sentences ;  and  if  the  military  and  local  phrases  before  alluded  to  were  likewise 
added,  it  probably  might  swell  the  amount  to  near  30,000.  Upon  the  whole,  I  con- 
elude  that  a  judicious  Telegraphic  Dictionary,  composed  on  the  most  comprehensive 
plan,  so  as  to  embrace  every  contingency  of  the  public  service  both  at  home  and 
abroad,  ought  not  to  contain  so  many  as  40,000  articles.  This  inference  may  be 
considered  the  result  of  experience,  inasmuch  as  it  has  been  drawn  from  a  careful 
comparison  of  the  most  elaborate  works  of  that  nature  that  I  have  been  able  to 
procure. 

Supposing  a  Dictionary  of  this  description  to  be  composed,  I  would  adapt  it  to  the 
key  of  the  Universal  Telegraph  in  the  following  manner : — 

The  Dictionary  should  be  divided  into  five  parts  or  classes,  each  containing  one- 
fifth  part  of  the  total  number  of  articles  inserted.  Thus,  for  example,  if  80,000 
articles  and  1000  blanks  for  unforeseen  purposes  appeared  necessary,  let  each  division 
of  the  book  contain  6000  articles  and  200  bUnks. 

Of  the  28  signs  which  the  universal  telegraph  is  capable  of  exhibiting,  I  would 
reject  one,  namely,  position  4  of  the  day  signals,  in  which  one  arm  points  vertically 
upwards  in  the  direction  of  the  post  prolonged ;  because  it  has  been  urged,  that  unless 
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when  viewed  by  a  very  experienced  eye,  it  is  liable  to  be  confounded  with  the  post, 
80  as  to  be  mistaken  for  the  position  called  'the  stop/  in  which  neither  of  the  arms 
is  shewn.* 

Of  the  remaining  27  signs,  one  should  be  nsed  as  an  alphaJ>etical  preparative,  one 
as  a  numeral  preparative^  and  five  as  dictionary  preparatives,  each  of  the  latter 
referring  to  its  own  distinct  part  or  class  of  the  Dictionary. 

Thus  there  would  be  7  preparatives,  and  20  signs  for  general  purposes.  Each 
preparative  would  of  course  denote,  not  only  the  beginning  of  that  word  or  sentence 
which  is  immediately  to  follow  it,  but  also  the  end  of  the  preceding  one. 

In  representing  the  letters  of  the  alphabet  by  20  signs,  the  letters  I  and  J,  the 
letters  K  and  Q,  the  letters  S  and  Z,  and  the  letters  U  and  V,  would  be  coupled 
together  ;  but  the  letter  F  would  require  to  be  denoted  by  the  two  successive  letters 
P  H,  and  the  letter  X  by  the  two  successive  letters  C  S  or  K  S. 

The  number  of  signals  which  may  be  made  by  three  successive  changes  on  the  tele- 
graph, using  the  20  disposable  signs  only,  is  equal  to  8000,  being  the  third  power  of 
20  ;  but  as  the  beginning  of  each  signal  must  be  denoted  by  a  preparative,  without 
which  the  signal  is  imperfect,  if  the  above  8000  articles  be  combined  with  the  five 
Dictionary  preparatives  before  mentioned,  it  will  be  evident  that  by  never  using  more 
than  four  changes  on  the  telegraph  for  any  article  of  the  Dictionary,  no  less  than 
40,000  words  and  sentences  may  thereby  be  exhibited  ;  but,  as  remarked  before,  this 
number  is  greater  than  appears  to  be  absolutely  necessary  in  a  judicious  and  well- 
composed  Telegraphic  Dictionary. — C.  P. 

TETE  DE  PONT. — Bousmard  says  a  iite  de  pont  ought  to  unite  the  pro- 
perties of  a  perfect  defence  of  the  river  on  both  sides,  to  cover  the  bridge  well,  with 
apace  sufficient  to  contain  the  garrison,  and  famish  a  free  passage  of  a  considerable 
body  of  troops,  affording  also  facilities  for  their  advance  or  retreat ;  of  which  fig.  1  is 
a  good  example. 

Fi^l. 


The  iSte  de  pont  should  also  be  of  itself  sufficiently  strong  to  resist  an  assault. 

The  construction  will  veiy  much  depend  upon  the  nature  of  the  ground  and  the 

*  This  fdgn  is  uscil  to  mark  tho  end  of  a  word  when  Kovorol  succetfsivo  signals  arc  all  made 
alphabetical!}'.  lu  tho  stop  the  indicator  apfieara  nearly  equal  in  Icnpfth  to  tho  upi)er  part  of 
the  post.  In  No.  4  x>08ition  it  is  nut  qtiite  half  ro  long  as  the  same  part  of  tho  po.st  appears 
to  ho  when  prolonged  by  the  addition  of  the  arm.  Hence  the  experienced  or  careful  observer 
will  Rcarcoly  mistake  between  thcflo  two.  No.  4  of  the  night  signals  is  one  of  the  mcwt 
conspicuuits  signs. 
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object  in  placing  the  bridge,  whether  for  a  permanency  or  for  temporary  purposes  :  if 
the  former,  some  care  must  be  taken  in  the  constructioni  and  if  the  ground  is  rery 
low,  the  ditches  may  be  iret^  as  cxphuned  in  fig.  2. 

Kg.  2. 


Works  to  cover  bridges  of  stone  or  wood,  of  a  permanent  nature,  may  be  made  of 
some  existing  buildings,  loopholed  and  barricaded  on  both  sides  of  the  river,  and 
artillery  planted  on  the  near  side  of  the  river  to  flank  and  protect  the  advanced 
works ;  the  object  being  to  prevent  any  small  bodies  of  the  enemy  destroying  the 
bridge,  and  thus  interrupting  the  communication.  Fig.  3  is  another  example  of  a 
permanent  bridge-head  with  wet  ditches  on  a  more  extended  scale. 

Fig.  3. 


Fig.  4  represents  the  plan  of  a  tSte  de  pont  combining  the  more  permanent  with 
the  temporary,  for  the  passage  of  a  large  army,  having  three  bridges  to  cover,  of 

Fig.  4. 
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which  two  would  le  temporarily  laid  for  the  purpose,  formed  from  the  Bridge  Equip- 
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It  of  Ui«  Arm;,  tai  vLich  would  b«  removed  wlun  the  troops  li»4  p«aMd,  whilat 
omtM  me  would  be  n  fai  panntneiit  as  might  b«  neccMMy  to  sMnre  tha  eom- 
a  sod  snppUea,  anil  formed  of  matorU!*  obtainod  on  the  apot ;  and  th« 
ioner  bridge-hmd  conBtmcted  with  more  care  than  the  inter  irorlu.  Emplacement 
for  Field  Artillery  would  be  prepared  on  the  near  aide  of  the  riTer  to  flank  the  workB 
of  the  ttle  <U  porU. 

For  the  coDBtrucUan  of  worheof  thianalare,  leethe  article  on  'Fortification,  Field,' 
BB  the  rules  explained  therein  applf  eqn*1lj  to  the  Itle  depoiU. 

The  foUnving  shonld  be  attended  to  in  the  aelecUon  of  sites  as  well  as  in  forming 
the  works  : 

Ihe  bridge-head  eboald  admit  of  it  defenoe  nntil  all  the  Iroopa  hare  passed.  It 
should  cover  the  bridge  from  the  enemy's  arlillery.  If  there  are  iBlands  in  the  riTer, 
they  may  be  fortified  with  adTantage. — 0,  0.  L. 

TROUS  DE  LOUP. — The  applioation  of  troui  de  leapt  hu  been  aliwuly 
explained  in  the  article  'Fortification,  Field,'  in  an  ei  tract  from  'Memoranda  on  the 
Lines  before  Lisbon,  in  1810,'  by  the  late  Major-Genernl  Sir  John  Jones,  Bart.  ;  their 
IS  represented  in  the  anaeicd  figare. — 1^  vol,  ii,  p.  27.) 


Y. 

VOLTAIC  ELECTRICITY.* 

The  euentiat  parts  of  an  electric  (elegnph  are  the  following  :— 
1st.  The  Souret  of  EtedricUy.~-T\iii>  may  bo  a  roltuc  battery,  or  a  magneta- 
electric  machine  i  the  former  is  more  usually  employed. 

Sod.  TAt  Condador,  which  ii  composed  of  a  matallie  wire  connected  with  the 
sonrce  of  electricity  and  with  the  iDstmmeots  to  which  it  conveys  the  electricity,  and 
eo  insulated  from  other  conductors  that  the  eleebricity  will  pnrsue  the  desired  conne 
with  the  least  possible  loss,  when  the  voltaic  circuit  is  completed,  either  by  a  second 
wire,  or,  u  is  invariably  done  b  practice,  by  connection  with  the  earth  at  each  end. 

■  By  Csptain  Schsw,  R:E. 
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3rd.  The  IiulraiitatU,  which  miut  each  coiuul  of  (vo  pMta,  on«  for  reoeiTing  the 
earr«nts  of  elcetrioit;  and  nutking  cTidsnt  to  the  Mnaes  the  lign&li  which  the;  coutsj, 
the  othtr  for  tmuButting  ngaali  (o  di*tiuit  atationi. 

iBt,  T/it  Source  of  Elcetnciij).  Taiioiu  deicriplioiil  of  roltuc  battorici  are  in  me 
for  the  purpon  of  lelegnphy.  That  known  an  WoUaaton'a  batterf  was  at  fint  gaaa- 
rallj  emplojed,  but  it  has  now  given  plaoe  to  other  (onne  which  ue  anperior  to  it  in 
the  comtancj  of  the  cnrrBBts  thej  produce. 

In  caaea  where  portabilit;  ie  a  desideratuni,  boncver,  the  WotUalon  battery  ia  atill 
o»ad ;  the  ordinary  form  ii  shown  in  Pig.  1,  twelve  cells  being  nnil*d  b  a  trongh, 


made  of  gutta-percha,  the  platei  are  alternately  copper  and  zinc,  the  Utter  umaiga- 
muted  with  mercnrj,  and  are  S^  x  i^  inohea,  the  cells  aro  lied  with  fine  ailirions  sand 
(&ee  from  earbonatea),  and  moisMned  with  sulphuric  add  dtlnted  with  water  in  tlie 
proportion  of  ^.  This  battery  developei  a  powerful  current  of  electricity  when  fint 
made  np,  but  it  is  very  iuoonstant,  and  after  being  in  use  for  a  certain  time,  varying 
acoording  to  circumitanoea,  it  loses  its  power  from  various  causes,  the  sand  most 
then  be  waahed  ont^  and  the  battery  made  up  again  with  fneb  aolutJoa  and  the  linet 
Te-amalgomated. 

The  great  defect  of  the  umple  combloatlon  of  linc  and  copper  in  dilute  acid,  is  that 
the  bubbles  of  hydrogen  gas  resulting  from  the  decomposition  of  the  water  by  the 
electric  force,  adhere  to  the  copper-plate,  and  being  very  bad  conductors  of  electricity, 
the  power  of  the  battery  is  very  rapidly  diminished  when  it  is  put  in  action ;  more- 
over,  the  hydrogen  being  in  what  is  termed  the  nascent  state,  oombines  very  readily 
with  the  oiygen  of  the  sulphate  of  lino,  produced  by  the  action  of  the  battery,  and 
metallic  liac  is  thus  deposited  upon  the  copper- plates,  and  so,  similar  metals  being 
opposed  to  each  other,  the  action  of  the  battery  ceases.  Uaoy  methods  have  been 
adopted  to  get  rid  of  the  hydrogen-  In  Qrove's  and  Camera  batteriea  it  combines 
with  the  oiygen  of  the  (olntioa  in  whioh  the  eleelro-nsgative  metal  is  Inmersed.  In 
Smee's,  and  its  kindred  forma  of  battery,  (he  hydrogen  la  aaustsd  in  eaoaping  from 
the  negative  plate  by  giving  it  n  rough  inrfaee  preaenting  a  mnltitade  o!  small  point* 
from  which  the  bubbles  separate  easily. 

The  sand  is  obiefly  ttseful  to  prevent  the  acid  from  spilling  when  the  battery  is 
moved  about,  it  tends  also  to  make  the  action  of  the  battery  aoM  regular ;  but  it 
should  not  contain  carbonates,  snob  as  carbonate  of  lime,  or  a  chemical  action  takea 
place  with  the  snlphnrie  a<nd  which  is  detiimental  to  the  battery. 

In  the  best  form  of  this  battery  a  small  gutts-perchs  pipe  ia  inserted  in  each  cell, 
extending  down  to  the  bottom ;  through  this,  freah  dilated  acid  i*  poured  in  from  time 
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to  time  to  mtlce  up  for  wuts  b;  erapontlon.  By  tliuB  introdndDg  tbe  fresh  acid  at 
the  bottom  of  tbe  cell,  There  tbe  hearr  «iilpb»t«  of  aoe  gntvitotea,  a  more  leealar 
Mtion  ia  obtained.  If  the  sulphate  of  sine  be  allowed  to  accumulate  in  tbe  lower  part 
of  the  cell,  a  cross  raltoic  cmrent  ii  enabliabed  between  tbe  upper  and  lower  portions 
of  tbe  plates  which  are  in  solntious  of  different  rtiengthi.  The  effectiTS  cumut  ia 
circnlation  is  thus  diminJEhed,  and  the  npper  portioD*  of  die  zinc  plates  are  isfudly 
diaeolTed  airaj. 

11    11 


23    12( 


The  weight  of  the  battel?  ia  (withont  sand  or  liquid) 

,,     „     with  sand 

,,     ,,     Band  and  liquid         .... 
It  requires  about  lib  meicory  and  2  [nata  acid  per  annum. 

In  America  "Grore'a"  battery  ia  exlenairelj  employed.  Thia  ia  the  moat  powerful 
form  of  battery,  producing  currents  of  eleotridty  of  groat  quantity  and  intensity,  hut 
it  doca  not  appear  to  be  well  adapted  for  the  purpoaes  of  telegraphy,  aa  it  ia  very 
expensive  and  tronlilesome  t«  keep  in  order  ;  and  by  using  a  few  more  cells  of  a  less 
cncrgeUc,  but  simpler  and  cheaper,  nnd  at  the  same  time  more  constant,  battery,  we 
can  produce  on  electric  current  of  sufficient  inteauly  to  orercome  the  reuElHice  due 
to  long  wires,  and  baring  at  the  same  time  a  sufficient  quantity  to  inflDcnce  eSectnall; 
the  delicate  iaGtrumeata  used  in  telogiapbj. 

Fig.  2,  shows  the  form  of  QroTe's  battery  uaed  in  America ;  e  is  tba  porous  earUiea' 

Pig.  i.  ware  cell  containing  pure  nitric  acid,  it  is  3}  inches  high  and 

neb  in  diameter.     In  this  cell  the  strip  of  platinum  foil, 

j  immcned  ;  it  is  aotJered  at  a  lo  tlie  projecting  arm  A  of 

zinc  cylinder  r.     The  zinc  is  about  4  iuchee  high,  and 

3  Ibe.  in  weight,  it  ia  placed  in  the  glass  cell  o,  contaiaing 

dilute  anlphaiio  add  in  the  preportion  of  ^    To  keep  this 

battery  in  cffectiTe  action  it  is  necessai;  to  take  it  to  pieces 

every  night  and  to  clean  the  sine  platea,  and  to  odd  ^th 

pure  nitric  acid  ever;  mnming.     Tbe  dilute  snlphnrio  acid 

l«  renewed  twice  a  week.     The  zincs  require  renewal  every  three  months.    (Shafliici'B 

"Telcgrapii  Mannal.") 

"Siuee's"  battery  ia  the  cleanest  and  moat  generally  convenient  form  for  experi- 
mental purpoaea,  but  it  ia  too  eipcnalTO  lo  be  employed  generally  as  a  soarce  of 
Pi^  3  electricity  for  tho  telegraph,  and 

the  platinised  silver  plates  require 
very  careful  handling. 

AmodilicatioDof  Smec'a  battery, 
known  as  Cheater'a  battery,  is, 
however,  uaed  largely  in  America ; 
it  ia  abown  in  fig.  3.  Tho  form  ia 
simple  and  convenient,  and  it  baa 
been  adopted  for  the  local  batteries 
of  the  government  telegtapha  in 
Anstrolia. 

A,  is  a  bar  of  varnished  wood, 
or  other  iuaalsting  material,  from 
which  the  plates  ;of  sine  and  pla- 
tinised silver  t  and  P  are  suspended 
by  the  clamps  and  binding  screws 
sometimes  placed  on  opposite  sidea  of 


The  zinc  and  platinised  silrer  plates  ai 
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tlie  bar  >,  M  io  tba  upper  figure ;  t  i  >r«  th«  glaa  cells  eonUmiog  dilute  lolpbiiric 
add.  The  nno  pUbi  ituid  in  eapi  of  mtreuTj  >  ir,  And  their  anulgBm&tion  it  thai 
enmnd.  Thii  fbrm  of  battery  Toqaim  to  b«  tslien  to  ^eixa,  tbs  dun  pUtes  clcaoed, 
and  tbs  aolatioTi  nueiTBd  about  emy  tbree  moDths.  'Jbe  zince  genenlly  last  a  ;ear, 
aad  tbe  plattniied  liiver,  if  earefoUr  haodled,  vill  laat  mao;  years. 

Another  battery  on  the  priaaiple  of  Smee's,  vhich  is  rery  powerful  and  moderately 
conslaot,  ii  obtuned  by  a  oombinatiiHi  of  ptalJniied  graphite  and  amalgamated  lino. 
This  bfttlery  has  been  lubatituted  for  the  Wol-  p,    , 

laston,  or  laiid,  battery,  od  the  LoDdou  and  z       C  z      C 

Sontb  BaMem  Bailvay,  and  auawsra  well.  It 
is  shown  in  fig.  i.  The  alaha  of  graphite 
(which  is  carbon  in  a  nearly  purs  condition) 
are  ohtoiued  from  tbe  refosa  of  gw  works ; 
lome  difficulty  is  eiperienced  id  catting  them 
to  the  reqnired  form,  and  tbe  graphite  and 
copper  connectiDg  bands  mnst  be  tinned  at  the 
points  of  jnoetioa  to  duure  the  ivIhcaioQ  of 
the  solder. 

Tbe  firat  manobcture  of  theu  batteries,  and  their  repair  nhen  the  zincs  are  worn 
ODt,  are  aoiiMwhat  troublesome ;  but  when  ths  necessary  appliances  arc  at  band  they 
can  bo  cheaply  made,  and  are  being  largely  introdoeed  into  use  for  telegraphic  pnr- 
poaea.  They  are  made  of  two  sixes  according  to  the  purpose  for  whicb  they  ara 
required.  A  few  eella  of  the  larger  aiie,  in  which  the  plates  are  7|"k  3"  in  quart  jan, 
being  used  for  local  batteries  when  electridty  of  quantity  is  required ;  and  a  larger 
number  of  the  smaller  site  plates,  6"  x  2"  in  pint  jars,  fcr  tlia  main  cnrroat  on  the  line. 
The  zincs  are  amalgamated  and  placed  in  gntta-peichu  slippen  ss,  filled  with  mercury. 
This  arrangement  keeps  op  the  necessary  aoppl;  of  mercury  to  prevent  IcKsal  aclicn. 
¥(a  fall  description,  vidt  "Walkn's  Electrotype  Manipulation,"  Part  I. 

Daniel's  constant  battery  is  the  most  generally  used  in  England,  and  on  the  con* 
tinent  of  Europe.  The  arrangements  of  the  different  parte  of  the  battery  vary  consider- 
ably. Tbe  form  generally  adopted  for  the  French  telegraphs  is  shown  in  Ag.  5.  11m 
French  battery  is  made  of  two  Tig  5. 

aizea  ;  in  the  smaller  the  lines 
are  about  12  centimetres  high, 
in  the  larger  they  are  about  20 
Motimetres  in  height ;  tbe 
former  are  used  for  tbe  Une 
current,  and  the  larger  for  the 
local  batteries.  The  copper 
elements  n,  bmg  in  contact 
with  the  porous  cells,  the  latter 
become  encrusted  with  metallic 
copper  after  some  time,  and 
must   bo    renewed    CTCiy  six  -■_."_""-_ 

months  on  an  average. 

To  put  the  battery  in  action  the  outer  cell  is  first  filled  with  s 
porous  cells  ■  with  a  Mturated  solution  of  sulphate  of  copper,  e 
are  left  on  the  perforated  copper  disc  D  ;  afler  a  short  Ume  some  of  the  sulphate  of  oopper 
pasBin  throDgh  the  porous  cells,  and  diminihhes  the  liquid  resistance  in  theoater  oelh^ 
bnl  at  the  same  time  copper  is  precipitated  as  a  black  ponder  upon  the  zinc.  TloE, 
howcTcr,  does  not  materially  affect  the  working  of  tbe  battery,  which  is  rery  constant. 


mple  water,  and  the 
le  crystals  of  which 
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Pig.  6  Aona  k  loDgitadin&l  laction  ihroneti  one  end  of  MnirbMd's  batteij,  tfae  form 
of  Diuiiela'  batter;  dot  geDerall;  owd  for  Ul^raphs  in  Ecgl&aa,     The  ei 


Fie.  e. 


thioagh  the  poroai  colli  a  checked  in  k  gnat 
meuDra  hj  greasing    them,   aiceiit    on    the 
portion  which  ii  oppoiite  to  the  line  plAte ; 
this  ioerekae*  the  liquid  icilttuice  and  re- 
duce! the  povor  of  the  batter;  ■omewhat,  bat 
it  is  condofiTe  to  econcm;,  eSeoting  a  lanng 
of  to  per  cent,  in  giilphate  of  copper.     The 
line  pbtei  ore  about  4"  x  2',  the  copper  plat« 
u  abont  *''  x  3".      The  porooa  ceU«,  p  t,   are 
filled   with   ciTatale  of   aulphate    of   copper 
and  irator  ;  a  Ter;  dilute  lolutioa  at  lulphnric 
aeld  io  valer  i*  tueU  in  the  outer  oelli,  o  o, 
which  aie  of  TihiM  porcelun,  and  are  aade  ia 
pairs.     FiTeauchpairtareenolaeedinaitrong 
irooden  box  with  a  cover,  ai  ahown  in  (he  Ggnre. 
At  Chntham  a  modified  form  of  SaDiera  battery  vithaat  porooi  e«lli  ia  oied. 
The  batter;  ii  arranged  in  a  gntu-percha  trough  containing  twelra  oelli,  inch  ai  is 
umalt;  emplojeil  for  the  line  and  copper  "land  battery"  ihewn  in  fig.  1. 

The  copper  plate  («,  fig.  7)  ia  placed  below  the  liao  plate  (i)  in  each  eell,  and 
the  copper  ii  bent  in  the  form  ihown  in  the  drawings,  cryslats  of  inlphata  of  copper  (t) 
being  plaoed  between  the  two  "laarea"  of  the  ooppcr  plate. 

A  portion  i»  cot  off  one  end  of  the  upper  leaf  of  the  copper,  and  the  line  li  made  to 
oorreepondinaiiewiththeupper  leaf,  lesTlng  a  small  apftce  (o)  nt  the  end  of  the  plate, 
through  which  the  erystols  of  tolphato  of  copper  can  be  dropped  in  from  time  to  time. 
The  line  plate  is  oast  in  the  form  of  a  pniaJlelopipedon,  with  a  projectioa  (p),  to 
which  the  copper  atrip  it  rivetted,  which  oonnecta  it  with  the  copper  plate.  Some- 
timea  "rolled  line"  i«  uaed,  and  in  thii  eaie  the  platoa  an  ant  out  of  the  iheet  with 
Pla.T. 
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projeoUoni  dullar  to  p,  which  are  beet  np  after  heat  ng  the  metal  to  about  the  tem- 
peiatnteofa  tailoi'i  "iron."  Rolled  sine  ii  conaidfrably  more electro-poeitiTo  than 
(•at  line,  and  its  employment  increaaei  the  electromotire  force  in  (he  proportion  of 
abont  3  to  2. 

The  liquid  used  ia  ordinary  wtter,  which  soon  dissolrei  some  of  the  lolphate  of 
copper,  the  battery  ia  then  ready  for  use,  and  contiauee  in  action  with  reDtarkable 
oanituncy  for  a  great  length  of  time.  The  sine  plates  are  placed  abore  the  eopper 
plates  in  order  to  lahe  advantage  of  the  two  strata  of  fiuid  which  form  in  eaeh  oeil, 
Bnlphate  of  eopper  ii  heavy,  and  graTitatea  chiefly  to  the  bottom  of  the  eell,  and 
nlphale  of  sue,  which  is  soonformedhy  the  action  of  the  battery,  ud  which  ii  lighter 
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than  lolpliate  of  coppari  remaias  ebiefly  iu  the  upper  poriiim  of  the  cell|  and  thus  each 
metal  is  in  a  solution  of  a  sulphate  of  itself.  A  eertain  atnonnt  of  snlphate  of  copper 
mixes  with  the  snlphate  of  sine,  howeyer,  and  copper  is  deposited  on  the  zinc  in  the 
form  of  a  black  powder,  but  this  does  not  appear  to  diminish  the  power  of  the  battery. 

This  form  of  battery  is  yery  compact  and  conyenient^  and  owing  to  the  redaction  of 
resistance  resnlting  from  doing  away  with  the  porous  cells,  it  is  quite  equal  in  power 
to  the  large  Mnirhead  batteiy,  although  the  mean  sectional  area  of  the  liquid  between 
the  plates  is  not  more  than  4-lOihs  as  large,  but  the  copper  from  the  solution  is 
reduced  upon  the  zinc  more  rapidly,  and  it  is  therefore  somewhat  more  expensiye  in 
sulphate  of  copper.  This  is,  howeyer,  more  than  counterbalanced  by  the  suppression 
of  the  fragile  and  cumbrous  porous  earthenware  cells. 

These  batteries  ordinarily  maintain  an  electric  current  of  equal  force  for  a  year,  crystals 
of  sulphate  of  copper  occasionally  being  dropped  into  the  cells  through  the  spaces  (o) 
left  at  the  ends  of  the  zinc  plates  and  the  upper  leayes  of  the  copper  plates.  The  zincs 
are  then  worn  out  and  must  be  renewed,  which  is  a  simple  and  inexpensiye  operation. 

lbs.     oz. 
The  weight  of  this  battery,  without  liquid,  is  .        •     10      6 

,,  ,,  with  liquid      .         •     .     16       6 

About  4  lbs.  of  sulphate  of  copper  are  required  to  keep  it  in  action  for  a  year  at  5<f  • 
per  lb.     The  first  cost  of  the  battery  is  about  25«. 

It  is  not  found  necessary  to  amalgamate  the  zinc  plates  in  any  of  the  forms  of  the'Daniel 
battery  used  for  telegraphy,  as  strong  acid  solutions  are  neyer  employed.  In  the  form 
used  at  Chatham  the  amalgamation  would  be  injurious,  as  the  mercury  would  fall  on 
to  the  copper  plates  and  produce  two  similar  metallic  surfsoes  opposed  to  each  other. 

In  determining  the  size,  number,  and  mode  of  combining  the  elements  of  a  parti- 
cular form  of  yoltaic  battery  to  effect  any  special  object,  the  theory  of  Ohm  is  of  yeiy 

T 
great  assistance.     By  this  theory  the  equation  Q  z=  = expresses  the  constant 

^  h   +  to 

relation  between  the  elements  of  the  source  of  electricity  and  the  work  done.  Q= 
the  quantity  of  electricity  in  circulation,  which  may  be  measured  by  the  deflection  of  a 
galyanometer,  the  decomposition  of  water,  or  the  heating  of  a  wire,  as  found  most  eon- 
▼enient.  T  =  the  electromotiye  force  or  tension  of  one  pair,  or  element  of  the 
particular  yoltaic  combination;  it  may  be  measured  directly,  when  a  number  of 
elements  are  combined  in  series,  by  the  effects  of  electrical  attraction  or  repulsion,  as 
shewn  by  an  electrometer ;  but  no  instrument  has  yet  been  constructed  sufficiently 
delicate  to  measure  directly  the  static  electrical  tension  of  one  element  of  a  yoltaic  battery. 
The  electromotiye  force  depending  solely  on  the  metals  and  liquids  employed  in  that 
combination,  is  a  constant  for  each  battery.  The  size  and  distance  apart,  and  number 
of  the  plates  and  other  special  arrangements  of  the  combination,  do  not  affect  this 
electromotiye  force,  although  they  do  materially  affect  the  effectiye  force  in  circulation. 

The  electromotiye  force  of  a  Daniel  battery,  for  instance,  depends  entirely  upon  the 
excess  of  the  affinity  of  the  zinc  for  the  oxygen  of  the  water,  aboye  the  sum  of  all  the 
other  affinities  in  the  combination,  yiz.,  of  the  copper  for  the  oxygen  and  sulphuric 
acid,  and  of  tha  hydrogen  for  the  oxygen. 

L  =  the  liquid  resistance  or  resistance  to  the  passage  of  the  current  of  electricity 

from  the  zinc  to  the  copper  in  each  oelL     This  is  made  up  of  the  resistance  of  the 

liquid,  and  of  the  porous  cell,  and  of  the  plates  thenkselyea.     The  last  may  generally 

be  neglected,  it  is  so  small,  although  it  shews  the  necessity  of  perfect  metallic  eon* 

neotions  between  the  pairs  of  plates.    The  resistance  of  the  porous  oell  yaries  directiy 

as  its  thickness  and  the  closeness  of  the  texture,  and  inyersely  as  its  surface  interposed 

between  the  metals.     The  resistance  of  the  liquid  yaries  directly  as  the  distance 

T  T  2 
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HffWt  of  tLe  iIaUMj  aa4  lU  fpedfie  nrnfttnet,  and  iarendy  m  tbc  oitoxI 
tlM»  pbUs  4r  *eetk«jJ  ares  </  tbe  li/ivid  prisa  htiwetm  Uien. 

ir  :  Uk  ittiAAant  erf  Uie  oondactor,  vkieh  Tanes  direetl  j  aa  ita  leagik  aad  aa  its 
apeei£/;  recuU&<9e,  aad  usrenei j  aa  ita  awtional  ana. 

Astfl  hfxt  tv'>  tMTDX,  which  are  of  freqncni  oeesrre&ee  in  ipfakrng  of  Toltaie 

«iKtrintjr,   nqn'm  to  le  de6Bed— ^icaaltfy  and  iuteusUy.*    Upoa  the  gMUfiCir  of 

eUetn/rit  J  in  eircnlati'jo  dependi  the  amoant  of  work  done,  whether  it  ie  the  deeoB- 

fffmiif.n  of  wat^fy  the  deflwiioa  of  the  needle  of  a  galranomeier,  the  heating  of  a 

DMrtal,  or  an j  other  effect  of  d jnamie  elecirintj  ;  and  npon  the  intemtUiff  or  fenno* 

nader  wfaieh  the  eieetriettj  ia  generated,  depends  the  qnantitj  which  can  be  pnl  in 

eircQlation  in  a  giren  time  throngh  a  condnctor  of  a  fixed  reaiatanee. 

T 

In  the  equation  Q  = ,  if  w  =  o,  that  ij,  if  the  plates  be  connected  bj  a  eon- 

ii  +  w 

T 
doctor  whoie  resiatanoe  ii  iniignificant^  then  Q==-  repreaenting  the  qoantitjof  dec- 

L 

trieiiy  in  circulation  in  a  roltalc  fiair  or  element  of  a  Toltaic  battery,  when  «  =  •• 

If  n  inch  dementa  be  arranged  in  aeries,  connecting  the  pod  tire  metal  of  eadi  with 

the  negattre  of  the  next,  and  the  first  podtire  and  the  last  negatire  metals  be  connected 

by  a  condoctar  of  indgnificant  resistance,  we  hare  n  dectromotive  forces,  and  also  m 

» T        T 
reaistanccfi,  and  the  ralae  of  Q  will  remain  unchanged  for  Q  =  —=■  —  ■=- ;  whenee  we 

learn  that,  in  cases  when  the  external  resistance  is  rery  small,  little  or  no  advanta^ 

will  be  dcrive^l  from  multiplying  elements  in  series ;  but  if  the  external  reaistance  be 

considerable,  tbe  case  is  rery  different,  with  n  dements  so  connected  we  can  introduce 

n  times  as  much  external  resistance  without  diminlbbing  tbe  quantity  of  dectricity  in 

T  »T 

drculatioD,  as  will  be  seen  from  the  equation  Q  =  •= =   -  _ . 

L  +  w         nL  +  nio 

The  quantity  of  electricity  in  circulation  may  be  increased  by  diminishing  dther  term 

T 

of  the  denominator  of  the  fraction  7—; — * 

Jj  +  u> 

L  may  be  diminished  by  approaching  the  plates  nearer  to  each  other ;  but  to  this  there 
if  a  practical  limit,  owing  to  various  causes  ;  it  may  also  be  diminished  by  increasing 
tbe  surface  of  tho  plates,  and  with  them  the  area  of  the  conducting  prism  of  interrening 
Uquidi  and  this  iucreased  surface  may  be  obtained  either  by  enlarging  the  phttea  or  by 
connecting  the  positivo  plates  of  several  pairs  together,  and  also  their  negative  plates. 

vf  may  be  diminishod  by  decreasing  the  length  or  increasing  the  sectional  area  of  the 
wire,  or,  which  comes  to  the  same  thing,  by  combining  a  number  of  elements  in  aeriee* 

L  +  w 
n 

Q." —   ...  (2)  =-^ (3). 

L  +  - 
n 

(1)  Heprcsenting  the  increase  due  to  diminished  liquid  resistance. 

(2)  Reprcsonting  tho  increase  due  to  diminishing  the  wire  resistance. 

(8)  Representing  tho  same  increase  by  the  combination  of  elements  in  series.  . 

Tho  comparative  vdues  of  Q'  and  Q''  evidentiy  depend  on  the  comparative  values  of 
L  and  w.  If  the  liquid  redstanoo  be  in  excess  of  the  external  wire  resistance,  it  will 
be  best  to  increase  the  sise  of  the  plates,  but  if  the  external  resistance  be  in  excsn^ 

•  Tho  word  '•  IntonslM"  Is  iwcd  by  French  writom  in  tho  same  sense  as  wa  use  tho  term 
qtmntlty. 
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and  that  it  cannot  be  directly  diminished,  q  may  be  most  economically  increased 
by  arranging  the  battery  in  series  of  elements. 

In  the  practical  serTioe  of  the  electric  telegraph,  the  currents  passing  between 
distant  stations  meet  with  very  considerable  resistance  due  to  the  conducting  wires 
and  the  coils  of  fine  wire  in  the  instruments,  while  the  liquid  resistance  in  each 
element  of  a  DauieFs  battery  on  Muirhead's  pattern  is  only  equal  to  about  a  mile  of 
ordinary  conducting  wire ;  hence  it  is  necessary  to  arrange  the  elements  in  series 
to  obtain  the  required  force  in  circulation. 

For  local  circuits  which  have  but  a  small  wire  resistance,  but  in  which  it  is  required 
to  circulate  a  considerable  quantity  of  electricity  to  work  the  electro-magnets,  batteries 
are  used  of  a  few  elements  in  which  the  liquid  resistance  is  diminished  by  enlarging 
the  plates. 

The  oomparatiye  electromotive  force  and  liquid  resistance  of  various  forms  of 
battery  used  in  telegraphy,  as  determined  by  experiments  by  Captain  Schaw  and 
Lieutenant  Fowler,  are  as  follows  in  miles  of  resistance  of  No.  16  pure  copper  wire : — 


Graphite  battery,  plates  6"  x  2" 

Ditto  in  action  for  two  days 
Muirhead's  Daniel-plates,  41'  x  2"  and  4 "  x  3' 

Ditto     (greased  cella)  ditto    . 

Chatham  battery,  plates  4x1,  catt  zinc 
Sand  battery,  plates  3  4  x  4  4,  freshly  made  up 


T. 


4-56 
4-96 
4-86 
4-34 

4-28 
4-56 


L. 


•38 
•63 
•86 
1-24 
•84 
•58 


The  liquid  resistances  vary  with  the  sizes  and  arrangements  of  the  metals  opposed  to 
each  other  in  the  batteries,  but  will  always  be  greatest,  ccUei*is  paribua,  in  those 
which  require  poroua  cells ;  hence  the  reason  will  be  apparent  why  the  force  circulated 
by  the  small  battery  used  for  the  R.  B.  telegraphs  is  equal  to  that  derived  from  the 
large  Muirhead's  battery  with  the  porous  cells. 

The  superior  constancy  of  Daniel's  over  Smee's,  or  the  platinised  graphite  battery, 
and  its  advantages  over  Grove's  battery  in  greater  constancy,  diminished  cost, 
absence  of  noxious  fumes,  and  simplicity  of  arrangement,  justify  its  very  general 
adoption  as  the  best  battery  for  the  electric  telegraph  in  which  currents  of  a 
constant  force  having  considerable  intensity  but  small  quantity  are  required,  while 
the  peculiarly  compact  and  simple  form  used  at  Chatham, requiring  no  porous  earthen- 
ware cells,  no  mercury  nor  any  acids,  but  only  the  dry  crystals  of  sulphate  of  copper 
to  bo  carried  with  it,  appears  to  be  in  every  way  the  best  suited  to  military  purposes. 
In  operating  through  long  circuits,  when  many  cells  are  combined  in  series  to  over- 
come the  resistance,  and  the  electrical  tension  is  considerable,  it  becomes  important 
that  the  batteries  should  be  well  insulated,  or  the  electricity  may  escape  to  the  tables 
on  which  they  are  placed.  On  shorter  lines  the  tension  is  so  low  that  this  precaution 
becomes  of  less  importance. 

Magnetic  Electricity, — Permanent  magnets  are  frequently  used  as  sources  of 
electricity  instead  of  voltaic  batteries,  advantage  being  taken  of  the  discovery  of 
Pr.  Faraday  that  if  a  coil  of  insulated  wire  be  wound  on  a  soft  iron  core,  and  this 
soft  iron  be  magnetised,  a  momentary  current  of  electricity  is  induced  in  the  wire,  and 
a  corresponding  current  in  the  opposite  direction  takes  place  at  the  moment  when  the 
soft  iron  loses  its  magnetism  or  when  its  polarity  is  reversed.  Magnetic  machines 
have  been  constructed  on  these  principles,  and  it  was  thought  by  some  that  the  voltaic 
battery  with  all  its  inconveniences  might  be  discarded  for  telegraphic  purposes, 
and  that  magnetic  electricity  thus  developed  would  entirely  supersede  it. 

This  anticipation  has  not  been  fully  realised.     For  the  purposes  of  electro-metallnrgy 
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magneto-eleetrieitj  \a  very  Uirgely  employed,  bat  for  eleciiio  telegraphs  it  has  not 
"been  found  generally  bo  satisfactory  as  Toltaic  electricity.  This  is  dne  chiefly  to  tha 
high  degree  of  tension  under  which  the  electric  force  is  dereloped  by  this  means,  ten- 
dering it  imperatively  necessary  that  great  perfection  shall  bo  presenred  in  the  insola- 
tion of  the  condacting  wires — a  condition  rery  difficult  of  fulfilment  in  praotioe.  The 
British  and  Irish  Magnetic  Telegraph  Company,  when  their  lines  were  first  openod, 
made  use  of  magnetic  electricity  exclusively,  and  this  system  is  still  used,  I  beliofV^ 
in  8f>me  parts  of  Ireland  ;  but  on  all  their  lines  in  England  the  magnets  havo  been 
given  up,  and  voltaic  electricity  has  been  substituted,  the  reason  given  for  the  change 
being  the  increased  rapidity  of  signalling,  and  the  diminution  of  the  diffieoltieo  due  to 
defective  insulation,  resulting  from  employment  of  voltaic  electricity. 

In  Australia,  magnetic  electricity  is  almost  exclusively  employed  for  the  long  lines 
of  telegraph  Utely  erected  there,  and  it  has  been  found  to  work  welL  This  may 
perhaps  be  accounted  for  by  the  dryness  of  the  climate,  which  is  peculiarly  fitTonrable 
to  insulation. 

Magnetic,  letter-showing,  telegraphs  are  now  largely  used  in  London  and  other  laige 
towns  by  mercantile  houses,  for  communicating  between  their  various  offices  and  ware- 
houses. The  distances  being  short,  perfect  insulation  is  not  difficult  of  attainment^ 
and  the  convenience  of  dispensing  with  the  voltaic  batteries  is  very  great  in  luoh  cases. 

For  military  purposes,  however,  it  appears  exceedingly  doubtful  whether  eleetricity 
of  such  high  tension,  and  requiring  such  perfect  insulation,  can  be  safely  employed* 

Conductors. — These  may  be  divided  into  two  classes — wires  suspended  in  the  air  on 
insulated  supports,  at  intervals,  and  wires  entirely  coated  with  insulating  material| 
and  either  submerged  under  water  or  buried  underground. 

In  the  infancy  of  Electric  Telegraphy  two  insulated  wires  were  considered  necessaiy 
for  each  circuit,  but  it  was  soon  found  that  one  insulated  wire  was  sufficieni  to  insure 
the  electricity  pursuing  the  desired  route,  and  that  the  electric  circuit  would  be  com- 
plete if  one  pole  of  the  battery  and  the  extreme  end  of  the  conductor  were  put  in  oom* 
munication  with  moist  earth,  the  other  pole  of  the  battery  being  connected  with  the  wire. 

A  controversy  still  exists  as  to  whether  a  current  of  electricity  really  passes  back 
through  the  earth,  or  whether  the  earth  acts  rather  as  a  great  reservoir  always  ready 
to  receive  or  impart  electricity.  The  latter  view  appears  to  be  more  correct  when  the 
distance  is  great ;  the  former  may  in  part  be  true  when  the  distance  is  Tery  smalL 
Moist  earth  offers  a  very  much  greater  resistance  than  copper  wire,  in  the  proportion 
of  about  32,000, 000  to  1.  Hence  the  extent  of  metallic  surface  in  contact  with  moist 
earth,  necessary  to  produce  the  best  results  in  each  case,  will  depend  upon  the  tension 
and  the  quantity  of  electricity  to  be  circuUted.  If  the  tension  be  great,  and  the  quan- 
tity small,  as  is  eminently  the  case  with  frictional  electricity,  and  in  a  lesser  degree 
with  the  induced  currents  derived  from  either  voltaic  or  magnetic  sources,  a  very 
small  surface  will  be  sufficient ;  but,  on  the  other  hand,  if  quantity  currents  are  to 
be  circulated  with  comparatively  low  tension,  as  in  the  case  of  exploding  mines  by 
heating  a  platinum  wire,  so  large  a  metallic  earth  connection  would  be  required  to 
reduce  the  resistance  sufficiently,  tliat  a  return  wire  is  very  much  more  convenient* 
In  Telegraphy,  currents  of  comparatively  high  tension  are  required  to  overcome  the 
resistance  of  long  wires,  and  the  quantity  required  to  influence  the  instruments  is  rtrj 
small ;  hence,  earth  connections  become  most  valuable.  Careful  experiments  made 
by  Matteucci  showed  that  with  very  perfect  earth  connections  at  a  distance  of  40 
miles,  the  resistance  of  the  earth  became  so  insignificant,  compared  with  that  of  the 
wire,  as  to  be  quite  negligible,  and  the  electrical  resistance  was  practically  one-half 
of  what  it  would  have  been  had  two  wires  been  used.  In  towns,  advantage  is  taken 
of  the  gas  and  water-pipes  for  the  earth  eonnection ;  but  where  these  are  not  available^ 
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it  It  found  that  four  Bqnax*  fMi  of  copper  plates  buried  in  moift  earth  li  praetioUlj 
soffioient. 

Bat  it  ii  important  that  the  earth  pUte  he  buried  in  moiti  earth,  or  the  reaiatanM 
will  be  so  great  as  materiallj  to  reduce  the  quantity  of  electricity  in  circulation. 

The  resistance  due  to  the  earth  connection  being  represented  by  r,  the  quantity  of 

electricity  in  circulation  through  a  mixed  circuit  of  yoltaio  battery,  wire,  and  earth 

nT 
will  be  Q  =  —=-. ,  from  which  it  will  be  evident  that  to  increase  Q  we  must 

diminish  r,  and  that  as  9  inoreaaes  so  r  may  be  increased  without  diminishing  Q. 

Before  proceeding  to  describe  the  various  conductors  in  use,  it  will  be  best  to  stat« 
the  laws  of  the  propagation  of  currents  in  long  conductors.  OmrenU  of  electricity  are 
solely  due  to  differenoes  of  tension.  In  a  voltaic  battery  the  negative  and  positive  poles 
have  opposite  tensions,  which  diminish  regularly  to  the  central  point  of  the  battery, 
where  they  neutralise  one  another,  and  as  long  as  the  poles  are  not  connected,  this 
difference  of  tension  remains  as  a  static  force.  If  the  central  point  be  connected  with 
the  earth,  no  alteration  takes  place  ;  but  if  one  pole  be  connected  with  the  earth,  its 
tension  becomes  0,  and  that  of  the  other  is  doubled,  the  tensions  increasing  regularly 
from  one  pole  to  the  other.  If  the  poles  are  connected  by  a  short  thick  wire,  the  whole 
quantity  of  electricity  generated  is  circulated  through  the  wire,  a  constant  current 
taking  place,  and  all  apparent  tension  ceasing.  If  the  wire  be  very  long,  a  current 
of  small  quantity  is  circulated,  and  the  tensions  are  slightly  reduced,  and  dis- 
tributed throughout  the  length  of  the  wire  in  precisely  the  same  manner  as  in  the 
battery. 

The  case  is  similar  in  a  telegraph  wire.  If  A  and  o  represent  two  telegraph  stationi 
connected  by  an  uniform  con- 
ductor, A  0,  and  if  the  current 
starting  from  A  has  a  ten- 
sion =  A  ^ ;  at  B,  half-way  to 
0,  the    tension  will  be  b  C' 

(half  A<),    and  at  c  it  will  

be  0,  the  diminution  of  the  ^ 

tensions'  being  accurately  represented  by  the  line  t  o.  This  will  be  evident  from 
the  following  considerations.  The  quantity  of  electricity  in  circulation  is  equal 
throughout  the  circuit,  as  shown  by  the  equal  deflections  of  a  galvanometer 
when  inserted  at  any  point.  If  the  wire  be  divided  at  b,  and  it  be  required  to 
circulate  the  same  force  through  b  c  as  was  before  circulated  through  a  o,  we  have  in 

nT  1  nT 

one  case  Q  =  — ^ ,  in  the  other,  Q  =  -. — . -. — ,  only  the  half  tension  being 

n  L  +  io  f^n L  +  ^w 

required  to  circulate  the  same  quantity  through  half  the  resistance.     Mr.  Latimer 

Clarke  has  proved  the  truth  of  this  law  by  actual  experiment  on  long  telegraph  lines. 

(Vide  his  Report  in  the  Parliamentary  Report  on  Submarine  Cables.) 

The  electrical  resistances  of  conducting  wires  vary  as  -r- ,  I  being  the  length,  9  the 

specific  resistance  of  the  metal,  d  the  diameter  of  the  section  of  the  wire.  When  a 
conducting  wire  is  coated  with  an  insulating  material,  a  second  resistance  is  opposed 
to  the  passage  of  the  current,  due  to  induction.  The  wire  becomes  charged  with  elec- 
tricity in  the  same  manner  as  a  Leyden  jar,  the  wire  acting  as  the  inner  metallio 
coating,  the  insulating  envelope  as  the  glass,  the  water  or  moist  earth  or  outer  pro- 
tecting sheathing  as  the  outer  metallic  coating  of  the  jar  ;  and  although  the  eleotrioal 
tension  be  comparatively  low,  the  amount  of  surface  is  so  large  in  a  long  cable  thai 
the  flow  of  electricity  through  the  conductor  is  retarded  in  a  very  material  degree. 
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The  Kame  effect  is  produced  in  long  vires  suspended  in  the  air,  but  in  so  mncb  a 
smaller  degree  as  not  to  be  generally  notice<1.  Faller  details  on  this  subject  will  be 
ibond  in  an  extract  from  the  Report  of  the  Submarine  Telegraph  Committee,  but  the 
laws  experimentally  established  by  their  investigations  are  as  follow  : — 

1.  The  inductive  charges  of  insulated  cables,  when  the  same  insulating  material  is 

used,  Tary,  as  -X—,  where  I  =  length' of  cable,  d  —  diameter  of  oonductory  t  =  tMck' 

ness  of  insulating  envelope. 

2.  The  inductive  capacities  of  different  insulating  materials  differ  eonsiderably  ;  for 
instance,  a  greater  inductive  electric  charge  is  produced  under  similar  circumstances 
in  a  cable  insulated  with  gutta  percha  than  in  a  cable  insulated  with  india*rubber. 

8.  The  distribution  of  the  inductive  charge  in  a  cable  is  not  equable  :  the  amount  of 
induction  at  every  point  in  the  conductor  varies  directly  as  the  tension  at  that  point. 

4.  The  velocity  of  the  current  is  not  increased  by  increased  battery  power,  becanae 
as  the  tension  increases  so  does  the  induction  and  consequent  retardation  of  signals. 

5.  The  time  required  to  charge  with  electricity  or  to  discharge  an  insulated  wire, 
and  upon  which  depends  the  rate  of  signalling,  appears  to  vary  as  the  square  of  the 
length,  but  this  point  is  not  well  ascertained.  The  great  difficulty  to  practical  tele- 
graphy in  long  submarine  cables  arises  from  the  fact  that  the  time  occupied  in  the 
discharge  from  the  far  end  of  the  cable  is  much  longer  than  that  required  for  charging 
it  by  the  battery,  so  that  a  signal  M-hich  is  short  and  distinct  at  the  near  end  of  the 
cable  will  oozo  out  gradually  from  the  far  end.  The  time  occupied  in  travelling 
through  1500  miles  of  insulated  underground  wire  was  found  by  Professor  Faraday  to 
be  about  two  seconds.  About  the  same  interval  was  observed  in  the  tests  of  the 
Atlantic  cable,  2500  miles  long ;  but  the  rate  of  signalling  through  the  cable  was  not  more 
than  from  I'l  to  2'5  words  per  minute  (each  word  having  five  letters  on  an  average. 

Law  of  divided  currents* — If  n  and  p  be  the  two  poles  of  a  source  of  eleotricitj, 

Fig.  8. 


and  N  a  5  p  a  conducting  wire,  and  if  at  a  and  6  a  second  wire^  a  c  5,  be  connected , 
the  laws  governing  the  currents  of  electricity  circulated  through  these  conductors,  are 
as  follows : — 

Let  T  be  the  tension  or  electromotive  force  of  the  source  of  electricity  ; 

R  the  resistance  of  the  source  and  the  conductors  N  a,  F  6 ; 

r  ,,  ,,        '  conductor  ab ; 

T         ,,  ,,  ,,  aco. 

To  determine  the  force  or  quantity  of  electricity  circulating-— 

1.  Through  the  circuit  N  a  &  p  before  the  wire  a  c  &  is  connected  (called  by  the  French 
the  primitive  current)  ; 

2.  Through  the  entire  circuit,  including  both  wires  (called  by  the  French  the|)rtit- 
eipal  current)  ; 

3.  Through  the  wire  a  h  (called  by  the  French  the  partial  current)  ; 

4.  ,,        ,,         acb  „  ,,  derived  cuTTQui) ; 

I*t  Q»  Q'l  2»  Q't  denote  these  forces  respectively  ;  then, 

T 

1.  The  resistance  of  the  circuit  if  a  6  P  being  E  +  r,  we  have  Q  =  ^ (the  primi* 

iv€  current), 

*  Thin  invoatigation  is  taken  from  Gavivrrot's  work  on  Electricity. 
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2.  The  resistance  of  the  wires  a 5  and  acb  being  r  and  r\  their  condactiyity  will 

be  eridentlj  represented  by  -  and  -;  respectiTelj,   and  their  joint  condactiyity  by 

r  +  r^  ...         .  rr' 

—j-9  and,  consequently,  their  joint  resistance  by  — -^.    Hence,  the  resistance  of  the 

whole  circnit  will  be  in  this  case  B  + •.  =  — ^ —, , 

r-i-r'  r  +  r 

T  (r  +  r') 
*^^  Q'-  R(r+t/)-t-rr^  {ihe  principal  current). 

8.  Since  the  quantity  of  electricity  in  circulation  is  equal  at  erery  point  in  the 
oireuit,  and  the  tensions  at  different  points  vary  as  the  resistances,  t,  the  difference  of 
tension  between  a  and  b,  will  be  proportional  to  the  joint  resistance  of  the  two  wires^ 
a b  and  acb, 

Or,    i  :T  :  :  -^   :  :  ^L^ltllJlIl', 
r  +  »•'  *  '  r  +  f' 

T  r/ 

Whence  t  =  ^— ;;- -.    This  tension  is  common  to  the  two  wires  a  b  and  a  he, 

it  (r  +  r)  +  I'  f' 

we  hare^  therefore, 

For  a  6    9  =  ;  =  r  (^  ^  J)  +  rt^  ^*^®  ^^"^^^  current). 

f  Tr 

4.  And  for  a  c  6    5'  =  -;  =  ^;r-/ r. .  (tlie  derived  current). 

^       f'       R  (r  +  r')  +  r  r'  ^  ' 

From  the  consideration  of  equations  (3)  and  (4)  it  will  be  apparent  that  vhen 
several  routea  are  given  to  a  current  of  electrictiy^  it  divider  iteelf  vn  the  inverse  pro- 
portion  of  the  resistances  opposed  to  it.  This  general  law  is  of  the  greatest  practical 
utility  in  numerous  cases  connected  with  the  senrice  of  the  electric  telegraph.  When 
a  telegraph  line  is  imperfectly  insulated,  it  explains  to  us  how  the  current  ia  gradually 
enfeebled,  as  it  approaches  the  distant  station,  in  quantity  as  well  as  in  tension.  If 
the  earth  connection  in  a  telegraph  station  be  imperfect,  and  seyeral  instruments  be  in 
connection  with  the  same  earth  wire,  as  is  the  usual  practice,  it  explains  to  us  the 
reason  of  all  the  instruments  being  set  in  motion  when  only  one  is  sending  or  reeeiTing, 
the  current  diyiding  itself  amongst  the  Tarious  channels  open  to  it>  in  the  inyerse  ratio 
of  their  resistances.  These,  and  yarious  other  causes  of  perturbation  in  the  working  of 
electric  telegraphs,  are  fully  inyestigated  in  Ghiyarret^s  yaluable  treatise  on  the 
subject. 

The  resistance  offered  by  the  conductor  to  the  passage  of  the  electric  current  is  a 
most  important  consideration,  and  for  the  comparison  of  the  resistances  offered  by 
different  conductors,  yarious  standards  haye  been  proposed  ;  that  of  M.  W.  Siemens  is 
probably  the  most  perfect,  yiz.  a  cylinder  of  pure  mercury,  at  the  temperature  of  sero 
centigrade,  one  mdtre  in  length,  and  with  a  sectional  area  of  one  square  millimetre  ; 
G^erman-silyer  wire  is  compared  with  this  standard  and  used  in  a  rheostat  for  practical 
purposes.  In  France,  for  telegraphic  purposes,  a  gaWanised  iron  wire,  four  milli- 
metres in  diameter  (between  No.  8  and  No.  9  B.  W.  gauge)  and  one  kilomdtre  in 
length,  being  the  ordinary  telegraph  conductor,  has  been  generally  adopted,  and  is 
considered  sufficiently  accurate  and  most  conyenient  for  the  purpose.  In  England, 
one  mile  of  pure  copper  wire,  No.  16  gauge,  at  a  temperature  of  60*  Fahr.,  has  been 
hitherto  the  standard  in  most  general  use^  and  it  has  been  adopted  in  this  paper.  It 
is  yery  nearly  equiyalent  to  a  mile  of  No.  8  galyanised  iron  wire,  the  ordinary  con- 
ductor for  aerial  lines  in  England  (the  resistance  of  pure  copper  being  to  that  of  iron 
as  13  to  90,  at  a  temperature  of  CO*  Fahrenheit,  and  the  sectional  areas  of  No.  16  and 
No.  8  wires  being  to  one  another  as  1  to  7*5). 
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The  renstanoo  of  oopper  TAiies  oonaiderably  with  its  temperaiorey  and  alight  traeaa 
of  other  metala  mixed  with  it  increase  its  resistance  in  a  most  remarkable  degree ;  2 
per  cent,  of  arsenic  reduces  its  conducting  power  to  that  of  iron. 

Pure  copper  is  not  now  generally  considered  to  be  the  best  metal  for  a  standard 
of  resistance,  because  it  ozydisea  easily,  and  its  resistance  raries  rapidly  with  altera- 
tions of  temperature.  Various  alloys  appear  more  suitable.  German  silyer  is  conaidered 
one  of  the  best.  And  an  alloy  of  two  parts  by  weight  of  gold,  and  one  ditto  aUrer,  is 
proposed  by  Dr.  Mathieson.  Mr.  Varley  has  used  No.  16  iron  wire  boiled  in  oil  and 
enclosed  in  cement ;  but  no  absolute  unit  of  resistance  has  yet  been  adopted  uni* 
rersally. 

C!opper,  being  the  best  conductor  ef  electricity  of  any  of  the  metals  except  iSlnt^ 
was  used  for  the  conducting- wire  in  all  the  earlier  telegraphs  ;  and  for  ■abmaxint  or 
subterranean  lines  it  is  undoubtedly  the  most  suitable  metal. 

It  howcTer  becomes  brittle  and  loses  its  tenacity  when  employed  as  a  conductor  for 
currents  of  electricity  for  any  length  of  time.  Exposure  to  the  atmosphere,  and  to 
changes  of  temperature,  produce  similar  effects ;  and  its  value  makes  it  too  tempting 
a  bait  to  marauders  when  suspended  on  poles.  Iron  wire  has,  therefcire,  now  entirely 
superseded  oopper  for  conducting- wires  suspended  in  the  air,  both  on  aocount  of  its 
superior  strength,  and  also  on  the  score  of  economy. 

Overground  Wires, 

In  long  circuits  it  is  adrantageous  to  use  iron  wire  of  No.  8  gauge,  or  even  larger, 
in  order  to  reduce  as  far  as  possible  the  resistance  offered  to  the  passage  of  the  cairent 
of  electricity.  To  inrestigate  the  question  of  the  sise  of  conducting- wire  suitable  to  m 
particular  case,  it  must  be  borne  in  mind  that  the  ooils  of  a  needle  instrument  offbr  m 
resistance  equiralent  to  from  12  to  25  miles  of  No.  16  copper  wire^  and  thoae  of  m 
MoTN  instrument  of  from  60  to  200  miles,  so  that  with  two  needle  instnimenta  is 
circuit,  from  25  to  50  miles  of  resistance  are  due  to  the  instruments  alone  ;  and  if  ihm 
instruments  are  10  miles  apart,  the  substitution  of  No.  16  iron  wire  for  No.  8  iron 
wire  will  increase  the  resistance  by  only  65  miles  of  standard  resistance ;  bat  if  the 
stations  are  100  miles  apart,  the  use  of  No.  16  wire  in  place  of  No.  8  wire,  would  add 
650  miles  of  standard  resistance,  and  the  number  of  elements  required  to  work  tks 
line  would  be  too  large  for  practice. 

T 
Let  us  examine  the  question  by  means  of  the  equation  Q  =  _  We  knoir 

h  +  Vf 
from  experiment  that  to  work  one  of  the  needle  instruments  used  at  the  Boyal  Engi- 
neer's Establishment  with  a  stiong  and  rapid  beat,  three  elements  of  the  modified 
Daniers  battery  are  necessary.  The  liquid  resistance  of  one  of  the  elements  of  thi^ 
battery  has  been  found  to  be  equal  to  about  a  mile  of  standard  wire,  and  the  reaistanos 
of  the  coils  of  the  instruments  is  equivalent  to  about  20  miles.     The  force  required  to  bo 

8T  3T 

circulated  may  therefore  be  expressed  by  Q  =  g  j^  -  -^g".        If,  now,  we  insert 

various  wire  resistances  in  this  equation,  we  must  increase  the  number  of  elements  to 
maintain  the  same  value  for  Q.  Let  x  be  the  number  of  elements  required,  and  wo 
have,  with  10  miles  No.  8  wire  and  two  inslruments  in  circuity 

3T xT 

^"^23  "aL+lO  +  iO 

"~  a;  +  60 
/.  3a;+  150  =  23  a; 

20  2—150  ando;  =  7*5,  the  number  of  elements  required* 
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With  10  miltfl  No.  16  wire  (=  75  No.  8)  and  two  instnunents  in  eironit— 


23       a:L  +  76  +  40 

a; +  115 
3  a;  +  345  =  23  « 
and  «  =  18  nearly,  the  number  of  elements  required. 

With  100  miles  No.  8  wire  and  two  instruments — 
ST  xT 

Q  -  23  ~  xL  +  100+  40'  ^^®^^  *  "^  ^^»  *^*  number  of  elements  required. 

With  100  miles  No.  16  wire  (=  750  miles  No.  8)  and  two  instruments — 

8T  X  T 

Q  =  —  =3— r — — -,  whence  «  s  118,  the  number  of  elements  required. 

J*o     xh  +  750  +  40 

These  calculations  must  not  be  taken  as  more  than  approximations  to  the  truth, 
so  much  depends  upon  the  degree  of  perfection  of  insulation,  that  it  is  impossible  to 
make  exact  calculations  on  the  subject ;  practical  experiments  can  only  decide  the 
battery  power  requisite  for  the  working  of  a  telegraph  line.  Neyertheleas  the 
above  considerations  are  correct  in  principle,  and  should  goyem  both  the  selection  of 
the  telegraph  wire  for  particular  cases,  and  the  number  of  batteries  estimated  for  as 
probably  necessary  to  work  any  projected  line  of  telegraph.  As  a  rough  approximation, 
Mr.  Latimer  Clarke  states  that  in  dry  weather,  with  a  well-insulated  line  of  No.  8 
iron  wire  suspended  in  the  air,  one  element  of  DanieFs  battery  to  erery  four  miles  of  line 
may  be  taken  as  a  fair  ayerage,  and  that  this  number  must  be  doubled  under  the  un« 
farourable  circumstances  of  wet  weather,  imperfect  insulation,  and  old  batteries.  In 
this  calculation,  each  needle  instrument  may  be  taken  as  representing  only  fire  miles 
of  line  wire,  owing  to  the  more  perfect  insulation  of  the  fine  wire  in  the  coils. 

But  there  is  a  practical  limit  to  direct  telegraphy  on  overground  wires  which  varies 
from  300  to  400  miles  with  No.  8  iron  wire.  This  is  owing  to  the  increased  tension 
(obtained  by  adding  batteries  in  series)  required  to  overcome  increased  wire  resistanoe. 
As  the  electrical  tension  increases,  so  does  the  difficulty  of  sufficient  insulation,  and  the 
leakage  becomes  so  great  at  last  that  the  current  circulated  is  too  weak  to  work  the 
instrunients.  Other  causes  also  combine  to  produce  the  same  result,  which  will  be 
alluded  to  hereafter. 

It  will  be  seen,  then,  that  the  gauge  of  wire  to  be  used  as  a  conductor,  should 
depend  in  some  degree  on  the  length  of  cii*cuit,  but  irrespective  of  any  electrical  re- 
quirements, it  is  found  that  No.  8  iron  wire  possesses  a  strength  aild  durability  which 
makes  it  well  suited  for  general  purposes  of  telegraphy,  and  its  weight  887Iba,  or  about' 
8^  cwt.  per  mile,  is  not  excessive. 

For  military  field  telegraphs,  when  an  air  wire  is  used,  a  lighter  wire  will  generally 
be  preferable,  and  a  condactor  composed  of  seven-strand  No.  22  galvanised  charcoal 
iron  wire,  which  weighs  about  961bs.  per  mile,  and  which  has  been  extensively  em- 
ployed for  the  over-house  telegraph  lines  in  our  large  cities,  would  be  very  convenient 
in  some  cases.  No.  16  iron  wire  would  be  lighter,  but  the  seven-strand  conductor  is 
more  convenient,  being  more  flexible  and  stronger,  and  offering  a  larger  sectional  area 
for  the  conduction  of  the  electric  current.  For  military  field  telegraphs,  however,  an 
insulated  conductor,  not  requiring  supports,  and  yet  sufficiently  protected  by  an  outer 
sheathiDg  to  be  secure  from  mechanical  injury  by  wheels  or  horses'  hoofs,  is  much 
to  be  preferred.  This  will  be  described  under  the  head  of  Subterranean  Con* 
ductors. 

The  seven-strand  wire  may  be  used  for  spans  up  to  a  quarter  of  a  mile ;  beyond  this 
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span  annealed  iron  wire,  unless  of  very  superior  quality,  will  not  answer  ;  H  stretches 
oonaiderably  when  strained  sufficiently  tight,  and  is  liable  to  break,  especially  when  oon- 
tracted  during  severe  frosts  and  when  acted  on  by  the  force  of  strong  winds,  &c.  ;  but 
both  unannealed  iron  wire,  and  steel  wire,  have  been  successfully  used  up  to  spans  of 
2000  yards,  and  No.  16  gauge  is  generally  employed  for  such  long  spans,  being  light 
and  manageable,  and  yet  sufficiently  strong. 

Connections, 

In  a  long  line  of  electric  telegraph  there  must  be  a  great  number  of  oonneetiona  be< 
tween  the  different  lengths  of  conducting-wire,  and  if  these  joints  are  imperfect  as 
regards  electrical  conduction,  the  resistance  to  the  passage  of  the  electric  currents  is 
very  materially  increased  ;  if  they  are  not  strong,  there  is  danger  of  tho  line  breaking 
during  frosts  or  high  winds.  It  becomes,  therefore,  very  important  to  secure  strong 
joints  and  a  perfect  uniformity  of  conductive  capacity  throughout  the  wire. 

The  most  perfect  joint  in  the  ordinary  No.  8  wire  is,  perhaps,  that  which  is  em- 
ployed generally  in  England  (fig.  9)  ;  it  is  performed  by  laying  the  two  extremities 
Fig.  0.  side  by  Ride  for  two  or  three  inches,  binding  them 

■■■SipillM||BippP >    '•o"'^^  *»g»»^^y  ^i"*  No.  16  galvanised  iron  wire,  and 

"  turning  up  the  ends  to  prevent  them  from  drawing 

asunder.    The  ends  are  then  cut  short  with  a  file  and  broken  off,  and  the  binding  con* 

tinned  for  a  few  turns  beyond  the  outer  single  wires  ;  the  whole  joint  is  then  coated 

with  solder.     If  the  wire  be  of  good  quab'ty,  the  ends  may  be  simply  twisted  together 

Fig.  10.  as  shewn  in  fig.  10 ;  this  joint  is  adopted  in  America, 

and  in  Russia  and  Prus-sia,  and  answers  its  purpose 


a  folly.    Tlie  possibility  of  forming  a  perfect  joint  in 

this  manner  is  a  very  good  test  of  the  quality  of  the  wire.  A  small  hand-vice  is 
used  to  hold  the  wire  at  a,  and  an  iron  lever  is  used  for  twisting  the  ends ;  the  joint 
is  then  moistened  with  sal-ammoniac  and  plunged  into  melted  solder. 

The  seven-strand  wire  may  be  joined  by  twisting  the  two  ends  together,  binding 
them  with  some  of  the  single  wire  of  the  strand  and  soldering  them  ;  or  the  ends 
may  be  joined  by  a  simple  reef-knot  if  the  wire  is  good,  but  this  is  not  so  strong  a 

joint. 

The  joints  in  the  unannealed  iron  or  steel  wire  for  long  spans  must  be  made  with 
great  care,  in  the  manner  shewn  in  fig.  9. 

Sal-ammoniac  is  generally  used  as  the  flux  for  soldering  iron  wires  ;  but  chloride  of 
sine  is  preferred  by  some  engineers. 

In  specifying  the  description  of  iron  wire,  it  is  to  be  remarked  that  the  qualities 
vary  in  the  following  order,  tho  best  and  most  expensive  being  placed  first. 

Best  Chaicoal  Galvanised  Iron  Wire,  No.     Gauge. 

Best  Best  Best  Galvanised  Annealed  Iron  Wire. 

Best  Best  Galvanised  Annealed  Iron  Wire. 

Best  Galvanised  Annealed  Iron  Wire. 

Charcoal  wire  was  generally  used  until  lately,  when  Best  Best  Iron  came  largely 
into  use  and  has  been  found  to  answer  the  purpose  for  the  line  wire  quite  as  well,  at  a 
reduction  of  20  per  cent,  in  price ;  but  for  binding  wire,  and  for  the  seven-strand  wire, 
the  charcoal  iron  must  be  used,  or  sufficient  toughness  and  pliability  will  not  be  obtained. 

The  process  of  annealing  wire  lessens  its  tensile  strength  considerably,  and  even  by 
the  process  of  galvanising  or  coating  with  zinc,  some  strength  is  lost.  Nevertheless,  the 
necessary  degree  of  pliability  cannot  be  ensured  in  English  wire  without  annealing. 

The  standard  of  strength  for  iron  wire  is  very  uncertain.  Tlie  breaking  weight  of 
different  specimens  of  No.  8  iron,  tried  at  Chatham,  varied  from  10  cwt.  to  4}  cwt. 
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at  a  jomt  made,  as  shewn  in  fig.  0 — by  laying  the  ends  side  by  side  and  binding  them 
together.  If  the  wire  be  too  soft,  the  ends  bend  down  straight^  and  the  wires  slip 
through  the  binding.  If  the  metal  be  too  brittle,  the  ends  cannot  be  bent  np  without 
injuring  its  structure,  and  they  break  off  as  soon  as  any  strain  is  applied. 

In  the  accompanying  table  are  giyen  the  diameters,  weights,  and  breaking  strains 
of  iron  wires  of  different  gauges.  The  breaking  strains  are  furnished  by  Messrs. 
Johnson,  wire  drawers,  of  Manchester,  but,  as  before  stated,  wires  vary  materially  in 
their  tensile  strength.  In  specimens  not  exceeding  ^  of  an  inch  in  diameter, 
Mr.  Telford  found  the  bi^eaking  strains  to  vary  from  85  to  42  tons  per  square  inch  of 
section  (*  Barlow  on  Strength  of  Materials^).  Mr.  Shaffher,  in  his  work  on  the 
*  Electric  Telegraph/  gives  in  detail  the  results  of  his  experiments  on  the  strengths  of 
rarious  descriptions  of  iron  wire.  Theii  ayerage  breaking  strains  per  square  inch 
of  section  were  as  follows  : — 


American  wire 
English  wire 


Plain. 
39*5 
24-5 


Galvanised. 
28-6 
19-85 


Annealed. 


17  about. 


The  breaking  strain  of  good  English  wrought  iron  bars  is  about  25  tons  per  square 
inch  of  section,  and  it  begins  to  yield  at  about  12  tons. 

When  drawn  into  wire,  iron  increases  in  strength ;  but  assuming  that  the  yielding 
point  when  the  structure  begins  to  alter  ought  not  to  be  passed,  and  that  the  point 
will  be  about  half  the  breaking  strain,  it  will  be  safe  to  strain  the^best^iron  wire  up  to 
20  tonsy  and  the  worst  up  to  8  tons  per  square  inch  of  section. 


Number 

on 
B.  W. 
gauge. 

Diameter  in 
inches. 

Weight  in 

lbs.  per 
100  yards. 

Breaking 
strain 
in  lbs. 

Number 

on 
B   W. 
gauge. 

Diameter  in 
inches. 

Weight  in 

lbs.  per 
100  yards. 

Breaking 
Btrain 
in  lbs. 

000 

•425 

149-83 

15 

1% 

•075 

4-29 

352 

00 

& 

•375 

11032 

9040 

16 

^^ 

•0625 

8-22 

264 

0 

& 

•340 

88-31 

7280 

17 

^\ 

•0572 

2-48 

208 

1 

H 

•3125 

68^75 

5650 

18 

1^^, 

•0521 

1-91 

160 

2 

It 

•2917 

59-90 

4930 

19 

iSi 

•0468 

1-55 

128 

8 

^ 

•2708 

51  56 

4250 

20 

ih 

•0416 

1-22 

104 

4 

11 

•25 

4400 

3620 

21 

lb 

•0364 

•934 

795 

5 

ik 

•2291 

3706 

3040 

22 

1^ 

•0312 

•687 

58^5 

6 

E 

•2084 

30^56 

2500 

23 

9l0 

•0281 

7 

A 

•2075 

2615 

2200 

24 

slo 

•025 

•473 

8 

li 

•1718 

22^10 

1840 

25 

^h 

•0229 

9 

^ 

•1562 

18^36 

1560 

26 

i^ 

•0208 

•321 

10 

ii 

•1406 

14-97 

1280 

27 

ih 

•0187 

11 

A 

•125 

11-95 

1000 

28 

8 

iieo 

•0166 

12 

& 

•1125 

9^24 

800 

;  29 

4d0 

•0146 

18 

& 

•1 

7-05 

568 

30 

jfo 

•0125 

14 

b\) 

•0875 

5^50 

456 

1     83 
1     '' 

•008 
•005 

N.B. — The  relation  between  the  diameter  and  weight  of  copper  wire  is  expressed  by 


the  formula 


'^  =  *\/r 


where  d  =  diameter  in  inches. 


L  «=  length  in  inches. 

w  =  weight  in  ounces  avoirdupois. 

whence  the  weight  of  1  yard  in  lbs.  =9  (2*. 
Supports  for  OvcrffrQund  Wires, — Air  wires  are  generally  supported  on  wooden 
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posts  of  infficient  height  to  keep  them  out  of  harm^s  vay,  and  to  allow  a  free 
beneath  them. 

Thia  height  ia  usually  20  feet  at  the  polea,  a  deflection  of  about  ^ih  of  the 
when  it  doea  not  exceed  100  yardi,  being  allowed  in  the  centre  between  the  pointa  of 
anpport.  The  ordinary  diatanoe  of  the  poles  from. each  other  is  from  70  to  80  yarda 
when  a  number  of  wires  are  suspended  from  each  pole.  The  strain  upon  the  poles  ia 
found  to  be  too  great  at  longer  interyals,  and  it  becomes  difficult  to  strain  the  wires 
so  tight  that  they  may  not  interfere  with  one  another  and  produce  cross  cnrrentSy  but 
for  a  single  wire  the  distance  may  be  adyantageously  increased  to  100  yards ;  tlie 
expense  is  lessened  by  this  means  at  the  same  time  that  the  insulation  is  improved* 
Longer  spans  are  admissible  occasionally,  but  they  bring  a  greater  strain  upon  the 
wire,  insulators,  and  supports  than  is  generally  advisable,  and  a  greater  defleetum 
between  the  supports  becomes  necessary.  The  supports  used  in  England  now,  and 
which  experience  has  prored  to  be  the  most  durable,  are  larch  poles,  from  25  to  30 
feet  long,  8  to  10  inches  diameter  at  the  butt,  and  5  to  6  inches  at  the  point,  barked, 
and  the  knots  planed  smooth.  The  ))utts  for  5  to  6  feet  in  height  are  charred,  and 
soaked  in  gas  tar,  and  the  tops  are  usually  protected  by  earthenware  caps.  They 
are  sunk  4  to  5  feet  in  the  ground.  In  France,  the  poles  are  generally  iqjeeted  with 
a  weak  solution  of  sulphate  of  copper,  whioh  preserves  them  from  decay  very  mueh, 
but  to  what  extent  exactly  has  not  yet  been  determined.  In  laying  out  a  line  of 
Electric  Telegraph  it  is  advisable  to  avoid  sharp  bends  as  far  as  possible,  as  the  sfatmin 
upon  the  pole  situated  at  an  angle  in  the  line  is  very  considerable.  The  strain  should 
be  divided  amongst  several  poles  when  practicable^  by  adopting  a  eurrod  line. 
Generally  when  a  side  strain  is  brought  upon  a  pole  it  should  be  stayed  by  iron  wire 
to  a  picket^  but  in  some  cases  it  is  sufficient  to  give  the  pole  an  inclination  in  tlie 
opposite  direction. 

An  excellent  organisation  for  making  the  holes,  erecting  the  poles,  and  stretehing 
the  wire  in  a  new  country  has  been  adopted  in  America ;  it  is  described  fully  in 
Shaffher*s  'Electric  Telegraph,*  page  695.  The  author  states,  that  two  gangs  of  9 
or  10  men  each  can  dig  the  holes  and  erect  the  i>osts  for  a  line  of  Blectrio  Telegraph 
at  the  rate  of  10  miles  a  day  through  the  back  woods  of  America.  Another  squad  of 
18  men  with  two  waggons,  a  ladder,  and  the  necessary  implements,  fix  the  insulatorS| 
and  stretch  the  wire  at  the  same  rate.  The  poles  are  cut  and  hauled  to  the  spot  bj 
other  gangs,  and  when  the  wires  traverse  forests,  the  trees  are  used  for  supports  as  h^ 
as  possible.  In  Enghind  the  line  for  the  Telegraph  wire  is  first  decided  npon.. 
Bailwajs  and  ordinary  roads  have  been  generally  the  routes  adopted.  The  poles  are 
Tie  11  distributed  at  the  ^required  intervals  ;   longer  poles  being  used  in 

particular  cases  for  crossing  roads,  canals,  &o.  ;   a  party  follows 
digging  the  holes  and  erecting  the  i)oIes.      The  insulators  are 
then  attached,  and  finally  the  wire  stretched.    This  last  operation 
is  performed  by  securing  one  end  of  the  wire  to  the  terminal 
insulating  shackle.     It  is  then  placed  loosely  on  the  insulators, 
or  the  wooden  arms  carrying  them,  for  about  half  a  mile,  when  it 
is  drawn  tight  by  means  of  a  light  block  and  tackle,  a  speetes  of 
vice  call  d  technically  **draw  tongs*'  (fig.  11)  being  used  to  grip 
the  wires.     The  wire  is  then  keyed  or  tied  at  intervals  according 
to  the  description  of  insulators  used,  and  another  section  proceeded  with.     A  small 
vice  with  drum  and  ratchet  attoched  (fig.  12)  is  very  useful  for  adjusting  the  strain 
upon  the  wire. 

A  hand-barrow  having  a  skeleton  drum  on  a  vertical  spindle  is  used  for  carrying 
the  wire  as  it  is  being  put  up.    The  coils  of  wire  being  first  distributed  at  inienrmla 
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ftloB(  UuUiMi  th«T>r«pl4aedon  thsdrnm  uraqoired,  uiilioiinwoanduiditretahed 
on  the  polea.  Thii  huidbina*  ii  iheim  in  fig.  13.  The  upper  porUon  a  eomes  oS 
tiie  ipiodle  wbeo  the  lonw  nuta,  s  i^  ftie  removed,  and  allowi  ■  frtih  rail  to  b«  plM«d 
on  tlie  dium. 


/n«iiZatort.~-Ia  no  department  of  Glectrietelegraplijliaa  there  been  iteater  nriet; 
of  practice  than  in  the  pattern  of  ioiulatore  need  foe  Eapparting  overgTonnd  vires. 
Some  of  the  fanna  most  luaal  in  EagUnd  at  the  pieaent  dn;  are  shaim  in  figl.  l^t 
IS,  10,  I7>     Fig.  11  ii  perbapi  the  moit  Uigel;  lued  of  anf , 


Th|  alutdsd  portions  eh  sv  tlia  doable  cnp  ahape  underneath,  whloh  give*  it  great 
inanlaUag  power  in  wet  weather.  The  line  wire  resta  in  the  eroofe  on  the  top,  and 
ia  tied  bf  fine  wire  (N'o.  18  galvaniied  iron)  at  cvtrj  third  support,  the  tie  lieing 
performed  bj  twisting  the  fine  wire  round  the  line  nire  cIdbo  to  the  Inmlator  on  one 
ride,  pWiing  it  once  round  the  neok  of  the  insnlator,  and  thca  twilling  the  end 
aavei*!  tlmea  round  the  wire  on  the  other  «da.  Flga.  15  and  11  are  modiflcationa 
of  the  atme  form ;  (15)  is  a  rer;  perfect  iniulator,  but  it  is  mora  fragile  than  (14). 
The  iToore  at  the  top  iB  ^tcq  a  fonn  anited  to  prevent  the  wire  from  lifting  ont. 
(16)  li  a  Teij  compact  and  useful  form,  the  wire  being  paaeed  round  the  lower 
ring  when  it  i*  required  as  a  terminal,  or  at  a  bend  in  the  line,  the  lererage  being 
thus  mneh  reduced  and  sufficient  itrength  obtained  for  these  purposes.  Theso 
insulators  are  generallj'  made  of  white  porcelain,  which  is  considered  the  best 
aubatance  for  the  purpose,  glass  having  been  found  to  break  during  sudden  changes  of 
tempemtore.  Fig.  17  i>  a  new  inaulator,  in  which  the  iron  vDtk  ia  coTsred  with 
ebonite,  and  the  inanlation  ia  said  to  be  improved  thereb;  ;  the  material  ia  a  brown 
■toneware.     The  loTerage  on  the  iron  arm  in  thia  insulator  ii  too  great  for  atrengtb. 

The  iron  bolt  i*  aeound  in  ita  place  in  all  these  insulators  h;  a  (ulphoi  cement. 
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So.  14  ie  *dfkpted  for  bolUng  Ibrough  a  wooden  ccoes-ann,  oa  msaj  u  32  InanUtoi* 
beiog  Kinietimes  supported  on  one  pole  in  Ihia  manacr.  Nua.  15  and  17  ora  fitted  fbr 
being  nailed  or  Mrewcd  to  the  poles ;  and  Ho.  16  for  <lriTui£  into  the  pole  or  into 
trees  or  walla. 

Theu  ioBulators  cost  uboat  la.  each. 

Fig.  IS  aliens  the  uaual  fonu  of  ahacVlc  vliich  is  employed  fot  nuking  a  break  in 
Fie.  I»- 


tbe  line  in  order  to  iaacrt  aa  inatriuaent  in  tlic  circDiE.     It  is  alio  freijaeuU;  uMd  for 

terminating  the  line. 

The  moat  convenient  form  of  termiDal  inauktors  is  peihaps  that  shewn  in  Eg.  19  ; 
it  is  Blight's  patent,  !uid  is  largely  naed  Id  oTei-house  telegraphs  In  onr  large  tovna. 
One  or  two  insnUtora  are  attached  to  the  bolt  as  maj  be  fonad  DeocBsary ;  wheu  uaed 
as  an  intennediato  aupport  for  long  spans,  or  at  bends  in  the  line,  two  inanlalon  aro 
attadied  as  ahawa  in  the  Ggnre,  and  the  eondnctor  ia  completed  by  soldeiing  a  ihoti 
wire  to  the  line  wire  at  each  side. 

Pig.  SO  shews  the  insulator  generallf  adopted  in  France,  The  iron  hook  by  vhkh 
the  wire  is  euspended  is  cemented  into  the  porcelain  b;  a  mixture  of  SDlphur  and 
wlcothaT.  It  ia  simple  and  convenient,  but  not  so  perfect  an  insulator  as  Koa,  14, 
IE,  IS  ;  tb«  BDifico  between  the  iron  hook  and  the  pole  being  small,  and  in  the  shape 
of  a  single  wide-moothcd  bell,  moisture  ai^camuIatcB  there  more  easily  than  In  the 
foima  now  ndoptod  in  England,  and  the  leaistance  to  the  eacape  of  electricity  is  less. 


Pot  turns  and  terminals  on  the  Prench  lines,  the  forma  shewn  in  figs.  51,  23,  are  naed, 
and  permanent  tightening  ratchets  of  galvanised  iron  of  the  form  shewn  in  fig.  23  are 
filed  at  ttiTj  mile,  the  supports  being  of  porcelain. 

Messrs.  Seimens  and  Halake  have  designed  a  very  perfect  form  of  Inanlalor  vhicb  ia 
naed  throDghout  the  Knaaian  territory,  and  alao  in  Fmsiia,  and  from  its  itm^h  and 
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tb«  ptrfeelion  of  tbe  innilition  it  Affoidi,  it  hat  gitcu  oomptitt  MUsfitelbn.  It  U 
peonliirlj  mUtabls  for  Ou  long  linu  of  telegnph  extoniiliig  acrou  tlie  nniiihalutod 
■teppra  of  SuMia,  where  the  bmking  of  an  iiml&tor  ii  a  aerioiu  matter,  if  it  oMiin 
at  ■  distance  ^m  a  itatioo,  inTolTing  conmderable  delay  and  expense  in  the  repair  of 
tlte  linv.  Vig.  Si  is  a  new  of  tho  insulator,  and  fig.  25  sbevi  it  in  lection.  Fig.  S6 
Fig.n 


ii  the  "spankiiff"  or  tightening  insulator  med  at  erer;  EDO  yards.  The  insniating 
material  ii  China-ware  compreased  by  madunery  vbich  posseuei  great  etectrical 
mistance,  it  is  protected  by  the  enter  bell  of  east  iron  whicii  is  nailed  to  tUe  poil. 
A  cement  of  mtphnr  and  colcotbar  ii  used  to  fasten  tfae  hook  in  tie  insuIatoF  sad  ths 
inealator  in  the  iron  bell.  The  wire  in  sospended  in  the  iron  hook  below,  which  is 
made  of  taeh  a  ahape  as  to  grip  the  wire  slightly.  The  "spankoS'"  holds  the  wire 
in  one  of  the  lover  notches,  where  it  i>  lecnred  by  a  werlge  of  iron.  A  loop  a  then 
fomied  in  the  wire,  and  ia  passed  through  the  other  lower  notch,  and  a  second 
wedge  aeeurea  it  from  slipping.  On  tho  approach  of  winter,  parUes  are  sent  along 
the  line  of  telegraph  to  slack  the  wires,  ia  order  to  allow  for  the  contracUon  dne  to 
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the  extreme  cold  of  a  northern  climate.  The  loops  left  at  each  "spankoff''  giTe  a 
facility  for  thia  slacking  of  the  wire. 

The  insidators  cost  Is,  3(i.,  and  the  ^'spankoffs"  3«.  Zd.  each  (in  England). 

In  America  telegraph  lines  frequently  traverse  forests  for  great  distances,  and  at 
first  the  wire  was  often  broken  by  trees  filling  across  the  line.  To  oreroome 
this  difficulty,  an  open  insulator,  sucli  as  that  shown  in  fig.  27,  has  been  adopted  in 

Fig.  27. 


sach  caseS;  which  allows  the  wire  to  slip  freely  through  it  between  the  tightening 
posts,  situated  at  about  half  a  mile  apart.  A  falling  tree  bears  the  wire  down  without 
breaking  it,  the  slack  between  the  neighbouring  poles  being  sufficient  to  allow  for  this 
depression  ;  and  unless  the  wire  be  pressed  into  moist  earth,  the  telegraphic  commu- 
nication is  not  interrupted,  b  is  a  cylinder  of  glass,  having  a  hole  through  it,  splayed 
at  each  end,  so  that  the  wire  touches  only  in  the  centre.  A  is  a  flange  projecting 
about  a  quarter  of  an  inch,  and  having  a  notch  (o)  in  its  circumference ;  d  is  the 
oi)ening  through  which  the  wire  is  introduced,  p  is  the  pole,  in  which  an  auger  hole 
is  first  bored  of  sufficient  size  and  depth  to  take  the  flange  ;  a  smaller  hole  for  the 
insulator  is  then  bored  through  the  post,  and  a  saw-cut  (c)  is  made  to  introduoe  the 
wire.  The  insulator  is  first  placed  in  the  hole  so  that  d  is  opposite  to  e  ;  the  wire  ia 
then  slipped  in,  and  the  insulator  is  turned  until  d  is  vertical,  when  a  nail  driven  in 
at  0  keeps  it  firmly  in  its  position. 

These  insulators  are  frequently  fitted  in  brackets  and  nailed  to  trees. 

In  India,  for  the  permanent  lines,  No.  1  galvanised  iron  wire  is  used,  the  supporting 
posts,  of  the  best  timber  procurable,  being  socketed  in  screw  piles  8  feet  in  length, 
screwed  into  the  soil.  The  supports  are  at  110  yards  apart.  The  insulators  are  pro- 
portionately substantial.  For  temporary  lines,  such  as  were  established  for  military 
purposes  during  the  late  mutiuy,  the  ordinary  No.  8  iron  wire  was  used,  without 
insulators,  and  supported  in  a  very  rough  manner  on  branches  of  trees,  &c.  During 
the  dry  weather  the  surface  of  the  ground  becomes  baked  so  bard  and  dry  that  it  is  a 
very  good  insulator,  and  no  difficulty  was  experienced  in  working  through  200  miles 
of  such  a  line ;  but  in  the  rains  these  uninsulated  lines  become  almost  useless. 

CONDUCTORS   INSULATED   THROUGHOUT   THEIR  WHOLE   LENGTH. 

Subterranean  Conductors. — The  system  of  underground  wires  was  universally 
adopted  in  Prussia  when  the  electric  telegraph  was  first  established,  and  in  England 
such  conductors  have  also  been  very  largely  used  ;  but  in  almost  every  case  they  have 
now  been  taken  up,  and  overground  wires  suspended  in  the  air  have  been  substituted 
for  them. 

The  reason  for  this  change  has  been  the  very  great  difficulty  of  preserving  the 
insulation  of  underground  wires  unimpaired,  and  of  discovering  and  repairing  fiiults 
when  they  occur. 

Faults  have  generally  resulted  from  the  decay  of  the  iosulating  covering, — occa- 
sionally also  from  mechanical  injury,  either  accidental  or  wilful.     Various  substances 
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bare  been  used  for  the  inBolating  enrelope.  At  first  cotton  or  silk  was  wound  spirally 
on  the  wire,  wbicb  was  then  coated  with  resin  and  laid  in  wooden  trongbs  or  iron 
pipes,  or  Ibe  wires  were  sometimes  laid  in  a  matrix  of  aspbalte  in  trenches  cnt  in 
the  ground.  India-rubber  was  then  thought  of,  and  largely  used,  for  covering  wires 
in  tunnels  and  other  damp  situations :  this  material  was  used  in  combination  with 
<k>tton  and  shellac,  thin  slips  of  masticated  india-rubber  bemg  wrapped  spirally  on  the 
wire,  and  the  overlapping  edges  united  by  the  use  of  naphtha  as  a  solvent.  The 
iosuUtion  thus  obtained  was  much  superior  to  that  which  other  materials  had  given  ; 
but  after  a  short  time  the  india-rubber  began  to  oxidise,  and  soon  perished,  becoming 
sticky  and  falling  away  from  the  wire.  Ghitta-percha  was  then  introduced,  and 
although  it  failed  in  the  same  way  at  first,  so  that  mauy  hundred  miles  of  underground 
wire  had  to  be  taken  up,  it  was  found  that  by  covering  the  wires  with  tarred  tape  or 
yarn  over  the  gutta-percha,  and  burying  them  in  the  ground,  enclosed  in  pipes  or 
troughs,  much  greater  durability  was  ensured.  A  system  of  covering  the  wire  with 
several  independent  layers  of  thin  material  was  also  introduced,  and  the  occurrence 
of  air-holes  or  defects  from  minute  fibres  left  in  the  material  was  thus  to  a  great 
extent  obviated.  Notwithstanding  all  these  improvements,  however,  telegraph 
engineers  are  now  universally  agreed  in  preferring  overground  to  underground  con* 
ductoi's,  both  on  account  of  their  superior  cheapness  and  durability  and  on  account  of 
the  much  greater  facility  of  repair. 

The  induction  charge  in  long  underground  wires  has  also  been  found  a  practical 
disadvantage,  necessitating  the  employment  of  electricity  of  greater  tension,  and 
reducing  the  rate  of  signalling,  as  before  mentioned.  A  telegraph  engineer  of  much 
practical  exx)erience  states  tbat  a  mile  of  No.  16  copper  wire  insulated  with  gutta 
percha  and  buried  underground,  offers  as  much  resistance  as  three  miles  of  equivalent 
wire  suspended  on  posts  in  the  air. 

In  many  cases,  however,  it  is  still  desirable  to  uso  buried  conductors  for  short 
distances,  and  the  best  systems  now  known  are  the  following  : — 

The  conducting  wire  generally  used  is  No.  16  copper,  which  should  be  compared 
with  a  standard  for  conductivity,  as  described  under  the  head  of  '  Submarine  Cables.* 
The  insulating  material  should  be  either  gutta-percha  and  Chatterton*s  compound,  in 
alternate  layers,  bringing  the  conductor  up  to  No.  2  gauge,  coated  externally  with 
Chatterton's  compound,  and  served  with  tape,  as  manufiictured  by  the  Gutta-Fercha 
Company,  or  else  pure  "  para"  india-rubber  in  two  coatings,  protected  by  an  external 
coating  of  gutta-percha,  and  having  a  further  protection  of  yam  or  tape  soaked  in 
Stockholm  tar,  to  preserve  the  insulating  material  from  oxidation  as  far  as  possible.* 
Messrs.  Siemens  and  Halske  have  patented  a  system  of  applying  india-rubber  to  wires 
without  the  use  of  heat  or  solvents,  by  bringing  the  freshly-cut  edges  into  close  contact, 
when  a  very  perfect  joint  is  produced.  They  apply  gutta-percha  outside  tbe  india- 
rubber,  and  then  cover  the  insulated  wire  by  spiral  layers  of  tarred  cord,  put  on  under 
considerable  tension  to  give  tensile  strength  as  well  as  protection  ;  and  they  use  an 
external  armour  of  Muntz  metal,  laid  on  spirally  in  an  opposite  direction  to  the  cord, 
and  in  strips  overlapping  one  another.  Such  a  conductor  is  strong,  durable,  and 
flexible ;  and  being  protected  in  a  great  measure  from  mechanical  injury,  it  seems 
well  adapted  for  military  telegraphs,  to  be  laid  on  the  surface  of  the  ground  and  acrois 
rivers,  &c.,  between  points  to  be  temporarily  connected  by  electric  telegraph.  A 
cable  of  this  description,  weighing  3^  cwt.   per  mile,  having  a  copper  conducting 


*  An  external  coating  of  marine  glue  Los  been  used  lately  with  great  advantage ;  but  owing 
to  the  high  temperature  to  which  marine  glue  must  be  raised  before  it  melts,  extreme  care  is 
required  in  applying  it  over  giitta-percha. 
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wire  of  No.  20  gange,  baa  been  tabjeoted  to  the  test  of  the  wheel  of  &  heary  pontoon 
waggon,  with  a  ribbed  tire,  passing  orer  it,  on  a  paved  surface,  and  it  was  not  injured 
otherwise  than  bj  being  somewhat  flattened. 

For  wires  which  are  to  remain  undexgroand,  a  protection  by  pipes  of  wood,  iron, 
or  earthenware  is  necessary.  The  best  and  simplest  mode  is  perhaps  to  lay  the  wire 
in  a  groove  in  flat  tiles,  which  are  covered  with  similar  tiles,  breakbg  joints,  and  aet 
in  hydranlic  lime  mortar.  Creosoted  wooden  troughs  have  been  much  used,  generallj 
with  a  galvanised  iron  lid  to  preserve  them  from  being  destroyed  by  the  blow  of  & 
pickaxe. 

Iron  pipes  have  also  been  employed  for  the  same  purpose,  made  in  6-feet  lengtliB 
and  in  two  halves,  with  projecting  lugs  near  each  end  to  bolt  them  together.  In 
streets  of  towns  this  is  probably  the  best  system,  as  it  gives  the  greatest  security  from 
mechanical  injury  in  taking  np  and  relaying  pavement,  &c 

Whatever  system  be  adopted,  it  is  necessary  that  cast  iron  test-boxes  be  provided  at 
intervals  of  about  a  mile,  into  which  the  wires  are  led  and  united  by  means  of  joints^ 

such  as  shewn  in  fig.  28,  with  gnttn* 
percha  insulating  caps,  to  preserve  them 
from  contact  with  the  metal. 

The  testing-boxes  are  vexy  generally 
made  in  the  shape  of  mile-posts,  with  a 
small  door  and  lock  and  key,  which  ia  a 
convenient  form. 

The  advantage  of  these  testing^poeU 
will  be  evident,  as  they  give  the  means  of 
discovering  at  onoe  the  position  of  a  fault 
within  a  mile  without  difficulty  or  injury  to 
the  wires.  The  defective  mile  con  then  be  examined,  either  by  direct  electrical  teste 
or,  OS  is  more  generally  done,  by  cutting  the  wire  half  way  and  testing  each  hal^  and 
repeating  this  operation  until  the  exact  spot  is  discovered  ;  but  withont  such  breaks 
at  intervals,  the  discovery  of  a  fault  would  be  a  very  difficult  operation,  requiring 
careful  and  delicate  electrical  tests,  and  even  then  the  results  would  be  uncertain. 
The  joints  in  underground  wires  must  be  made  with  the  greatest  care.     Fig.  29 

Fig.  29.  shews  the  manner  in  which  th^ 

are  effected.  The  gutta-percha  is 
removed  from  the  ends  of  the 
wire  for  a  short  distance,  and  the 
wire  cleaned  with  sand  paper ; 
the  ends  are  then  filed  to  a  berel 
so  as  to  fit  together,  when  th^ 
are  spliced  together  by  fine  copper 
wire  bound  round  them.  The  joint  is  then  heated  in  a  spirit  lamp  and  solder 
is  applied.*  The  wire  and  gutta-percha  near  the  joint  are  then  warmed  in  the 
spirit  lamp,  and  the  gutta-percha  tapered  over  the  bare  wire  until  the  ends  meet ;  it 
is  again  warmed  and  a  strip  of  thin  sheet  gutta-percha,  about  |  inch  wide  wound 
spirally  over  it,  and  pressed  on  till  cool.  Its  surface  is  again  warmed  and  a  second  atrip 
wound  on  in  the  opposite  direction, — and  for  a  very  perfect  joint  a  third  strip  may  be 
advantageously  employed  ;  a  piece  of  j  inch  sheet  gutta-percha  is  then  applied  in  the 


*  Tuo  Gutta- Percha  Company  use  a  second  flue  wire  wound  over  the  first,  and  soldered  only 
at  the  euds,  to  preserve  the  continuity  of  the  conductor  should  the  joint  be  separated  by  a  strain. 
The  ends  of  the  wires  are  sometimes  twisted  together ;  but  this  makes  a  clumsy  joint 
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same  manner,  and,  when  cool,  finiahed  off  with  a  warm  tool,  made  for  the  purpose, 
working  the  old  and  new  gntta-percha  well  together.  Moisture,  grease,  and  dirt 
should  be  scrupulously  avoided,  and  care  should  be  taken  not  to  bum  the  gutta- 
percha. When  india-rubber  is  employed  next  the  wire  the  insulation  at  a  joint  is 
made  good  by  winding  thin  strips  of  india-rubber  over  the  joint,  and  corering  it  with 
sheet  gutta-percha  in  the  same  manner  as  before  described. 

In  a  commercial  point  of  view  it  is  not  considered  worth  while  to  bury  only  one 
wire,  the  value  of  the  wire  being  small  compared  with  the  attendant  expenses,  and 
the  advantage  of  having  a  second  conductor,  in  case  one  should  £ftil,  being  very 
great. 

*'0H  THB  OOHST&UOTION  OF  SUBXARIKE  TELSORAPH  CABLES,    EXTRACTED   FROM  THE 
REPORT  OF  THE  OOXXITTEE  OR   SUBMARINE  TELEGRAPHS. 

"1.  The  Conduetvig  Wire, — The  conductivity  of  the  metal,  other  circumstances  being 
the  same,  does  not  influence  the  amount  of  induction ;  a  bad  conductor,  therefore, 
increases  the  resistance,  the  induction  remaining  the  same.  Hence  the  conducting 
wire  should  be  formed  of  the  material  which  possesses  the  highest  conducting  power 
which  can  be  selected.  To  ensure  this  it  is  desirable  in  contracts  to  provide  that  the 
conductivity  of  the  wire  shall  be  equal  to  that  of  a  standard  wire  at  a  specified  tem- 
perature, and  then  what  the  wire  wants  in  quality  must  be  made  up  in  quantity  at 
the  contractor's  expense.  It  is,  however,  better  to  obtain  the  material  with  the 
highest  conducting  power,  because  the  larger  diameter  of  the  inferior  conductor  would 
give  rise  to  increased  induction.  The  standard  wire  should  be  of  some  metal  or  alloy 
not  liable  to  oxidise,  and  not  subject  to  rapid  variation  in  conductivity  from  change 
of  temperature.  The  metals  and  alloys  we  have  described  in  an  earlier  part  of  the 
report  appear  well  adapted  to  the  purpose.* 

'*  The  conductor  should  be  formed  of  a  strand  of  wire,  or  of  some  modification  of  the 
strand  form,  so  as  to  prevent  the  fracture  of  one  of  the  wires  rendering  the  whole 
cable  useless. 

"2.  TKe  Insulating  Covering, — Of  the  materials  whiph  have  been  submitted  to  us  the 
best  insulator  by  £&r  is  india-rubber.  Wray*8  compound  (a  mixture  of  india-rubber, 
shellac,  and  silica),  and  pure  gutta-percha,  nearly  resemble  india-rubber  in  its 
insulating  properties. 

**  The  induction  discharge  is  directly  as  the  length  of  a  wire.  The  amount  of  induc- 
tion discharge  from  wires  of  different  diameters  with  coverings  of  various  thicknesses 
of  the  same  insulating  material  may  be  assumed  to  be,  for  practical  purposes,  directly 
as  the  square  root  of  the  diameter  of  the  wire,  and  inversely  as  the  square  root  of  the 
thickness  of  the  insulating  envelope. 

*'  Hence  by  increasing  the  diameter  of  the  wire  and  the  thickness  of  insulating  cover- 
ing in  the  same  proportion,  the  amount  of  indnctire  discharge  remains  the  same.  The 
force  of  the  current  in  a  voltaic  circuit  increases  as  the  square  of  the  diameter  of  the  wire 
(the  length  of  circuit  being  constant,  and  the  resistance  of  the  battery  being  inconsider* 
able  as  compared  with  that  of  the  metallic  portion  of  the  circuit),  consequently,  if  it  be 
found  inconvenient  to  increase  the  conductiog  wire  and  the  insulating  covering  propor- 
tionately, greater  advantage  will  be  obtained  by  increasing  the  diameter  of  the  wire 
than  the  thickness  of  insulating  covering,  for  whilst  the  covering  remains  the  same 
the  induction  discharge  increases  only  as  the  square  root  of  the  diameter  of  the  wire, 
whilst  the  force  of  the  current  increases  as  the  square  of  the  diameter  ;  and  if  the 
insuUting  covering  be  varied,  the  conducting  wire  being  constant,  the  strength  of  the 


*  Bee  page  C41. 
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enrrent  will  remain  th«  same,  but  the  indizctiaii  will  only  decretae  ta  Um  squMre  root 
of  the  thickness. 

*'  India-robber  sarpasses  all  other  materials  in  the  smallneB  of  the  amount  of  its 
indactiTe  discharge  and  the  perfection  of  its  insolation.  A  coating  of  india-rabber  is 
folly  eqoal  to  a  coating  of  the  gutta-percha,  hitherto  in  ose,  of  doable  its  thickness. 
Wniy*s  compoond  and  the  recently  mana£ictared  pore  gutta-percha  closely  resemUe 
india-robber  in  both  these  respects.  The  mixture  of  imperfectly  conducting  materials 
with  gutta-percha  has  the  dlsadrantage  of  greatly  reducing  the  insulation  and 
increasing  the  induction.  The  interposition  of  cotton-thread  between  the  wire  and 
an  insulating  coating  considerably  increases  the  induction  and  diminishes  the  insnla* 
tion.  The  induction  is  augmented  because  the  cotton-thread,  which  is  a  bad 
insulator,  increases  the  surface  of  the  conductor  ;  and  the  insulation  is  impaired,  not 
only  because  the  insulating  coating  is  diminished,  by  the  thickness  of  the  cotton,  but 
probably  also  in  consequence  of  the  great  inductive  action.  The  interposition  of 
cotton  between  two  layers  of  insulating  material  Ls  equally  disadrantageous.  The  inter- 
position of  a  Tiacid  insulator  between  two  coatings  of  insulating  material  neither 
decreases  the  indocti<m  nor  improves  the  insulation  of  the  line,  but  the  riseid  flnid 
has  a  tendency  to  fill  up  air  holes  or  flaws  in  the  insulating  coatings.  Generally 
speaking  the  more  perfect  the  insulating  property  of  the  material  is  the  less  is  its 
inductive  capacity. 

**  India-rubber  and  Wray^s  compound  are  not  perceptibly  affected  by  any  ordinary 
increase  of  temperature,  but  increase  of  temperature  has  a  very  decided  influence  in 
diminishing  the  Insulation  of  gutta-percha.  This  substance  is,  therefore,  not  veil 
suited  for  cables  to  be  laid  in  tropical  regions.  Temperature  affects  the  induction  dis- 
charge  only  in  so  far  as  it  affects  the  insulation. 

"India-rubber  and  gutta-percha  are  subject  to  deterioration  by  exposure  to  the 
action  of  oxygen  in  the  presence  of  solar  light ;  but  when  light  is  excluded  gutta- 
percha will  remain  for  months,  and  india-rubber  for  a  considerable  period,  unchanged 
in  air,  and  both  will  remain  unalteretl  for  years  in  water  when  light  is  excluded  ; 
indeed,  sea  water  is  pecuILirly  favourable  to  the  preservation  of  gutta-percha, 
especially  when  coated  with  Stockholm  tar.  As  regards  Wray's  compound,  we 
have  seen  a  specimen  of  his  No.  2,  which  it  is  stated  has  been  exposed  to  alter- 
nations of  temperature  and  exposure  during  two  years,  but  sufficient  time  has  not 
elapsed  since  its  introduction  to  enable  us  to  express  a  definite  opinion  as  to  its 
durability. 

**  India-rubber,  gutta-percha,  Wray's  compound,  and  ChatterU>n*8  compound,  all 
absorb  water ;  the  absorption  is  more  rapid  from  pure  water  than  from  sea  water, 
and  more  rapid  from  sea  water  than  from  concentrated  brine.  The  thickness  of  the 
material  affects  the  rate  of  absorption  in  a  peculiar  manner.  The  absorption  of  water 
by  thick  sheets  stops  short  at  a  limit  which  is  rapidly  exceeded  by  thin  sheets ; 
pressure  does  not  appear  to  increase  the  amount  of  absorption ;  and  it  does  not 
appear  that  this  absorption  is  to  be  feared  as  a  cause  of  deterioration  in  submarine 
cables. 

•'  Pressure  greatly  improves  the  insulation,  whilst  it  is  being  applied,  and  this  effect 
is  more  perceptible  as  the  substance  is  a  worse  insulator  ;  but  it  docs  not  appear  that 
pressure  exerts  any  influence  on  the  amount  of  induction  discharge. 

*'  The  manner  in  which  gutta-percha  can  be  manipuUted  and  phiced  on  the  wire  by 
being  forced  through  a  die,  renders  it  less  liable  to  flaws  when  kid  over  wire  than 
india-rubber ;  but  india-rubber  is  generally  more  free  from  impurity  than  ordinary 
gutta-percha.  The  more  perfect  insulation  afforded  by  india-rubber,  pure  gutta- 
percha,  and  Wray's  compound,   enables  flaws  to  be    detected  which  would  paas 
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unnoticed  with  ordinary  gntta-percha.  The  occurrence  of  flaws  in  the  insulating 
coTering  of  conducting  wii-es  can  be  best  guarded  against  by  laying  on  the  material 
in  several  coats,  and  by  testing  each  of  the  coats  under  water  at  a  specified  tem- 
perature. These  electrical  tests  should  be  continued  during  the  coTcring, '  and 
whilst  it  is  being  submerged,  in  order  that  comparative  results  may  bo  obtained 
throughout. 

**3.  The  External  Protection, — The  form  of  the  outer  covering  must  in  each  case 
depend  on  the  local  circumstances  affecting  the  site  in  which  the  cable  is  to  be  laid  ; 
and  in  selecting  it,  regard  should  be  had  to  the  fact  that  it  is  necessary  to  provide  for 
the  repair  of  the  cable  everywhere,  except  in  depths  which  interpose  a  limit  to  the 
possibility  of  raising  it. 

'*  It  should  be  such  as  to  protect  the  internal  core  against  injuries  or  strains  in  laying 
or  in  raising  for  repairs,  against  the  attacks  of  marine  animals,  and  against  abrasion 
upon  a  hard  bottom ;  and  it  must  be  capable  of  having  joints  made  in  it  with  ease. 
It  should  be  such  as  to  give  the  cable  sufficient  specific  gravity  to  ensure  its  sinking 
evenly.  The  material  by  which  strength  is  given  to  the  cable  should  be  efifoctually 
protected  against  corrosion,  and  should  be  arranged  so  as  to  furnish  the  required 
strength  with  the  minimum  amount  of  elongation. 

"The  saggestion  that  the  materials  used  in  the  external  covering  should  not  bo 
sufficiently  good  insulators  to  prevent  the  detection  of  injuries  to  the  internal  core 
during  the  process  of  covering,  is  one  which  deserves  consideration. 

**  4.  Genei'al  Conclusion  (U  to  Form  of  Cable. — The  construction  of  a  shallow  water 
cable  must,  of  course,  dififer  from  that  of  a  deep  sea  cable.  The  shallow  water  cable 
will  not  be  much  subject  to  injury  in  laying  from  the  strain  brought  upon  it,  but  it 
will  be  liable  to  abrasion  and  injury  from  currents,  anchors,  and  other  causes,  and 
must,  therefore,  be  constructed  with  a  view  of  being  raised  frequently  for  repairs. 
For  this  class  of  cable  the  preservation  of  the  outer  covering  from  corrosion  is  of  first 
importance.  The  most  desirable  covering  would,  if  it  could  be  found,  be  a  strong 
metallic  covering  not  liable  to  corrode  in  sea  water,  rather  than  iron  wire  covered  with 
hemp  or  other  materiaL  For  cables  beyond  the  reach  of  anchors,  and  even  of  strong 
currents,  it  may  be  necessary  to  employ  iron  or  steel  wire  to  obtain  the  necessary 
strength  for  raising  for  repairs,  either  during  laying  or  after  they  are  laid.  In  this 
case  the  danger  from  abrasion  is  less,  and  the  iron  or  steel  wire  must  be  protected 
from  corrosion  by  means  of  some  outer  covering.  We  think  such  a  covering  is  to  be 
sought  in  tarred  yarn,  protected  by  some  cheap  compound  of  gutta-percha  or  india- 
rubber.  The  wires  by  which  strength  is  given  should  be  laid  longitudinally,  or  with 
a  very  slow  turn,  and  must  be  kept  in  place  by  special  binding,  or  by  means  of  the 
covering  compound.  Cables  of  this  general  form  may  also,  we  believe,  be  made 
applicable  to  the  greatest  depths  which  will  be  met  with.  In  any  case  the  outer 
covering  should  be  so  devised  as  to  prevent  a  strain  coming  on  the  core  ;  and  the 
specific  gravity  should  be  adapted  to  the  depth,  and  be  such  as  to  ensure  the  cable 
sinking  evenly. 

"With  our  present  experience,  we  believe  the  safest  core  for  a  submarine  cable  is  a 
strand  of  purest  copper  wire,  in  which  solidity  is  obtained  by  one  of  the  arrangements 
before  mentioned,  and  coated — according  to  the  locality  in  which  it  is  employed — with 
purified  gutta-percha  or  with  india-rubber  protected  by  a  covering  of  gutta-percha, 
and  the  whole  served  round  with  tarred  hemp  to  form  a  bed  for  receiving  the  pro- 
tecting external  wires  :  each  coating  of  insulating  material  should  be  tested  in  water 
of  a  specified  temperature  to  ascertain  that  its  insulation  was  equal  to  a  specified 
standard.  The  size  of  the  conductor  and  the  thickness  of  the  insulating  material 
should  be  such  as  to  allow  of  the  lino  being  always  worked  with  moderate  currents. 
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A  long  cable  muat,  however,  insulate  sufficiently  to  resist  the  tension  arising  from 
currents  termed  *  deflections,'  or  'earth  currents,*  which  Mr.  Yarley  states  hare  some^ 
times,  in  a  distanee  of  about  70  miles,  a  tension  of  more  than  100  ceUs  of  Daniel's 
battery. 

''  LATINO  AND  MAINTBNAKOB  Or  8UBXARIHB  0ABLB8. 

''Before  the  route  in  which  a  submaiine  telegraph  cable  is  to  be  laid  is  dedded  on, 
a  careful  and  detailed  survey  of  the  nature  and  inequalities  of  the  bottom  of  the  sea 
should  be  made,  and  that  line  selected  where  there  are  fewest  probabilities  of  iigories 
from  mechanical  or  chemical  causes,  and  where  (if  possible)  the  depths  are  such  as  to 
allow  of  the  cable  being  raised  for  repairs.  In  such  a  surrey  it  is  of  more  consequence 
to  ascertain  the  relative  differences  of  level  of  the  bottom  of  the  sea  at  every  step 
than  the  actual  depths  ;  and  it  would  be  of  great  advantage  for  this  purpose  if  some 
instrument  could  be  devised  which  would  enable  the  actual  outline  of  the  bottom  of 
the  sea  to  be  traced.  The  actual  x>oBition  in  which  a  cable  is  laid  should  be  defined 
with  the  greatest  precision  attainable,  to  facilitate  future  repairs. 

**  Apparatus  for  Laying  Submarine  Cables, — The  failures  which  have  occurred  in 
laying  submarine  cables  are  mainly  attributable  to  the  employment  of  ships  which 
have  not  been  constructed  for  the  purpose,  and  of  defective  paying-out  apparatus. 
This  latter  must  depend  so  entirely  upon  the  form  of  cable  to  be  used,  and  the  depths 
in  which  it  is  to  be  laid,  that  it  must  be  left  to  the  engineer  to  devise  in  each  case. 
In  depths  where  repairs  are  possible,  the  amount  of  slack  paid  out  should  be  sufficient 
to  enable  the  cable  to  be  raised  without  injury  for  repairs. 

'*  The  question  of  the  ships  to  be  used  is  one  of  great  importance,  to  which  sufficient 
attention  has  never  yet  been  paid.  The  ship  should  be  of  large  capacity,  to  admit  of 
the  cable  being  ooiled  easily  without  injury,  and  great  care  should  be  taken  to  isolate 
the  hold  from  the  engine-room  ;  it  should  be  of  a  form  to  allow  of  the  cable  being  paid 
out  without  any  material  alteration  in  the  trim  of  the  ship  taking  place  ;  it  should 
have  sufficient  power  to  enable  it  to  maintain  a  speed  of  from  4  to  6  knots  per 
hour  in  the  direction  in  which  it  is  proceeding,  in  any  weather  ;  and  it  should  be  very 
steady  in  a  rough  sea.  These  qualities  point  to  the  necessity  of  special  ships  being 
built  for  the  purpose.  There  are  difficulties  in  the  way  of  this  being  done  by 
contractors  for  laying  cables,  because  they  cannot  afford  to  have  ships  idle  on  their 
hands,  and  they  consequently  either  hire  a  ship  or  build  one  to  serve  afterwards  for 
other  purposes.  But  we  believe  that  a  ship  of  the  construction  we  have  shown  to  be 
necessary  for  laying  a  cable  would,  when  not  employed  in  laying  cables,  be  found 
extremely  useful  for  the  ordinary  purposes  of  commerce." 

Instruments, 

The  electric  telegraph  instruments  now  in  use,  although  very  various  in  the  details 
of  their  construction,  all  depend  upon  the  three  following  electrical  phenomena  for 
their  efficient  working  : — 

1.  The  deflection  of  a  magnetised  steel  bar,  which  is  free  to  move  on  an  axis  when 
a  current  of  electricity  passes  through  a  conductor  in  close  proximity  to  it ;  the 
direction  of  the  deflection  being  dependent  upon  the  direction  of  the  current  and  the 
position  of  the  conductor  with  reference  to  the  magnet,  and  the  effect  being  greatly 
increased  by  causing  the  conductor  to  pass  many  times  round  the  magnet  through  the 
coils  of  an  insulated  wire.  These  phenomena  are  made  use  of  in  nearly  all  the  varie- 
ties of  the  needle  telegraph  and  the  galvanometer. 

2.  The  magnetic  properties  temporarily  communicated  to  soft  iron  by  the  passage  ot 
a  current  of  electricity  through  an  insulated  conductor  coiled  round  it,  the  instant  loss 
of  its  magnetism  more  or  less  completely  on  the  cessation  of  the  electric  current,  and 
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the  reversal  of  ita  magnetic  poles  on  rerersing  the  direction  of  the  current  of 
electricity. 

The  electro-magnet  is  employed  in  some  yarietiea  of  the  needle  telegraph  and  in 
nearly  all  other  forms  of  electric  telegraph. 

8.  The  chemical  decomposition  of  certain  solutions  when  trarersed  by  a  current  of 
electricity.     This  effect  of  electrical  action  is  used  in  some  of  the  printing  telegraphs. 

The  needle  telegraph,  being  the  simplest  and  also  that  which  has  been  hitherto 
adopted  for  military  purposes,  merits  our  first  attention. 

The  receiring  part  of  the  instrument  is  similar  to  a  galTunometer— an  instrument 
which  is  of  the  greatest  use  in  electrical  researches.  Galvanometers  are  of  various 
constructions  according  to  the  purposes  for  which  they  are  intended,  but  the  principle 
is  Identical  in  all.  A  magnetised  needle,  or  bar  of  steel,  is  suspended  on  an  axle  in 
the  centre  of  a  coil  of  insulated  wire,  through  which  the  current  of  electricity  passes 
and  reveals  its  presence,  its  direcUon,  and  its  quantity  by  deflecting  the  needle  to  the 
right  or  left  with  more  or  less  force.  When  the  effects  of  currents  of  great  quantity 
but  small  tension  are  to  be  observed,  a  few  turns  of  a  thick  wire  are  used,  offering  but 
slight  resistance  to  the  current,  nearly  the  whole  force  of  which  is  therefore  circulated. 
If  the  current  be  weak  in  both  quantity  and  tension,  the  same  description  of  wire  coil 
is  used,  but  the  needle  is  suspended  horizontally  by  a  fibre  of  unspun  silk,  and  the 
force  of  terrestrial  magnetism  is  overcome  by  using  a  second  needle  of  equal  magnetic 
force,  fixed  on  the  same  axis  above  the  other,  and  pointing  in  an  opposite  direction.  A 
galvanometer  so  arranged  is  nearly  astatic,  and  is  exceedingly  delicate,  the  current  in  the 
upper  portion  of  the  coU  acting  on  the  lower  face  of  the  upper  needle,  and  produdng 
the  same  effect  as  the  double  current  on  the  lower  needle.  For  currents  of  considoj^ 
able  tension,  and  but  small  quantity,  such  as  practically  arrive  at  a  telegraph  station 
after  having  passed  through  long  conducting  wires  and  having  suffered  much  loss  from 
defective  insulation,  a  great  number  of  convolutions  of  a  fine  wire  are  employed,  the 
resistance  of  the  coil  used  being  directly  as  the  tension,  and  inversely  as  the  quantity 
of  the  currents  of  electricity  in  circulation. 

In  the  form  of  galvanometer  generally  used  for  telegraphic  purposes^  the  indi- 
eating  needle  is  vertical,  and  outside  the  coils,  and  is  fixed  on  the  same  axis  as  the 
magnet,  inside  the  coils,  which  is  influenced  by  the  current.  The  indicating  needle  is 
itself  magnetised  in  the  opposite  direction  to  the  latter,  in  order  to  increase  the  sensi- 
tiveness of  the  instrument ;  and  this  arrangement  is  generally  adopted  in  the  receiving 
parts  of  needle  telegraphs. 

The  motion  of  the  needle  in  telegraph  instruments  is  confined  within  narrow  limits 
by  means  of  stops,  in  order  that  the  beats  to  the  right  and  left,  by  means  of  which  the 
letters  of  the  alphabet  are  signalled,  may  be  clear  and  distinct ;  but  in  galvanometers 
the  needle  is  allowed  to  move  freely  over  90**  on  each  side  of  the  zero  point,  and  the 
degrees  are  marked  on  the  dial  of  the  instrument. 

Sometimes  instruments  are  arranged  with  moveable  stops,  so  that  they  can  be  used 
either  as  galvanometers  or  as  telegraph  instruments.  Such  an  instrument  is  shown 
n  figs.  80,  81.*  This  arrangement  is  very  convenient  for  a  portable  instrument  to  be 
used  in  the  repair  of  a  telegraphic  line,  but  is  not  well  suited  for  general  purposes, 
a?  the  galvanometer  needle,  to  be  sufficiently  delicate,  must  be  made  to  move  more 
lightly  on  its  axis  than  is  found  to  be  compatible  with  the  dead  beat  free  from  oscilla* 
tions  required  for  a  telegraph  instrument. 


*  The  instrument  coiLi  1 1  are  so  arranged  that  the  magnet  can  be  reached  through  the  space 
left  between  them,  and  re-magnetised  without  removing  any  part  of  the  apparatus.  The 
stops  p  p  can  bo  drawn  back,  by  means  of  the  screw  o,  when  the  instrument  is  to  be  used 
tut  a  galvauoxuetcr. 
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The  qoMitity  of  electricitf  in  oircuUtion  canDot  bo  meuDrcd  direotl;  bjtbe  amount 
of  (USeetioD  of  the  aeeillo  of  the  onlinarjr  galvanometer,  but  by  apecUl  Kmnxementa, 


explained  ia  the  nppcndii,  the  quiotitj  of  eiectricily  can  he  compared  directly  with 
the  Hines  of  the  angles  of  deflection  in  ooe  fi)nn  of  giilvanomcter,  and  irith  the  tangents 
of  Ihoee  angles  in  snotber  fonn.  The  ordinarr  galvanometer,  however,  although  It  ia 
not  a  perfect  inatrument.  aeivea  to  indimie  the  existence  and  direction  of  the  electric 
GQTrent,  and,  approumatelj,  its  force,  and  ia  ia  moat  ganeial  Die.  If  a  thick  wire  ia 
wound  on  the  coiJi,  the  ia«(rum«at  ie  anited  to  tlia  measurement  of  juoMtify  eurrenta. 
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and  is  tenned  a  ''  quantity  galyanometer."  If  a  great  length  of  thin  wire  be  used,  it  is 
termed  an  "  intensity  galvanometer.*' 

The  coils  of  a  needle  telegraph  are  generally  formed  of  No.  86  copper  wire  insulated 
with  silk  or  cotton,  and  of  such  a  length  as  to  offer  a  resistance  equivaleDt  to  from 
14  to  25  miles  of  the  standard  copper  wire. 

The  shape  of  the  magnetised  needle  in  a  telegraph  instrument  is  of  some  import- 
ance, and  much  attention  has  been  devoted  to  this  i)oint,  the  object  being  to  obtain  the 
form  which  shall  be  acted  on  most  powerfully  p.     y., 

by  the  current,  which  shall  give  a  *'dead 
beat"  when  deflected  by  the  current  and 
allowed  to  return  to  its  point  of  rest,  with- 
out continuing  to  oscillate,  and  which  shall 
retain  its  magnetism  most  strongly  even 
when  subjected  to  the  influence  of  powerful 
currents  of  natural  electricity.  The  form 
which  appears  to  combine  these  advantages 
in  the  highest  degree  is  that  proposed  by  Mr. 

Highton,  and  adopted  by  the  Magnetic  Telegraph  Company.  It  is  in  the  form  of  a 
horse-shoe  fixed  on  a  horizontal  axis  in  the  centre  of  a  circular  coil,  as  shewn  in 
fig.  32.  The  coil  is  made  in  two  halves,  one  of  which  is  taken  off  in  the  figure  to 
slew  the  magnet  with  its  axle  and  stops.  The  dial  is  also  removed  to  shew  the  index 
needle,  which  in  this  case  is  of  ivory,  hanging  downwards,  and  shewn  on  a  black 
dial.  The  eye  can  follow  the  motions  of  this  needle,  without  fatigue,  more  readily 
than  those  of  a  black  needle  on  a  light  green  dial,  which  is  the  more  usual  plan. 

The  stops  which  limit  the  motion  of  Highton's  needle  are  screws  passing  through 
the  brass  frame  of  the  coil,  and  acting  directly  upon  the  edges  of  the  horse-shoe  magnet. 
Some  advantage  is  supposed  to  result  from  this  position,  in  the  avoidance  of  reflex 
oscillations. 

Mr.  Walker,  the  superintendent  of  the  telegraphs  of  the  South -Eastern  Hallway 
Company,  prefers  having  a  number  of  short,  highly  magnetised  needles  placed 
parallel  to  one  another  on  a  disc  of  ivory,  while  the  more  common  shape  of  the 
magnet  is  an  elongated  lozenge.  For  short  circuits  this  last  form  answers  very 
well,  and  being  lighter  than  the  horse-shoo  magnet,  it  is  moved  by  weak  currents 
more  sharply,  and  therefore  does  not  need  so  many  convolutions  of  fine  wire  in 
the  multiplier.  For  long  circuits,  however,  the  horse-shoe  form  is  preferred,  as 
it  is  not  found  to  be  such  a  victim  to  '* deflections"  from  currents  of  terrestrial 
electricity. 

During  the  prevalence  of  aurora  borcalis,  and  at  other  times  occasionally,  powerful 
currents  of  natural  electricity  traverse  the  conducting  wires,  and  permanently  deflect 
the  needles  of  the  instruments  to  the  right  or  left  for  some  time.  A  slight  inequality 
in  the  axle  or  its  bearings,  or  in  the  balancing  of  the  needle,  sometimes  produces  the 
same  result.  To  meet  this,  the  iustrument-coils  and  dials  are  given  an  adjusting 
motion  of  rotation  about  an  axis  corresponding  with  the  axle  of  the  needle,  which  is 
thus  brought  into  a  central  position  with  regard  to  the  stops,  and  the  signals  can  be 
made  as  distinctly  as  if  no  deflection  existed,  unless  the  disturbing  force  be  most 
unusually  powerful. 

The  manipulating  keys  of  needle  instruments  have  been  made  in  different  ways,  but 
the  simplest  form  is  Henley's  key,  which  has  been  adopted  in  the  military  instruments, 
as  shewn  in  figs.  30,  31. 

The  two  springs  8  il  are  screwed  to  a  block,  in  such  a  manner  that  when  at  rest 
they  press  upwaids  against  the  metal  cross-piece  o.    To  bsure  good  contact  with  this 
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metal,  ft  steel  p(»nl  with  mtuij  edgei  is  bnied  to  the  top  of  each  ipriaft  which  preMM 
it  upwards  into  a  cup  in  the  croia-pieM  □.  The  «piing>  ara  (ennittated  at  ■  ■  with 
fiDger-liejB  of  iiorj  or  ebony,  or  some  other  noii-coDd acting  BnbatanoB.  tTnderaektli 
the  apriLgi  ire  two  metal  poiota,  againit  which  they  can  b«  preued  down  by  the 
finger,  and  which  are  in  metallic  connection  with  the  line  pole  of  the  batlcrj  ;  O  •■ 
in  connectian  vith  the  copper  pole  ;  i  ia  in  eonneetjon  with  the  eatth,  il  vilh  the 
line  wire  through  the  galiauometet  colli. 

A  current  coming  from  the  diatant  statjon  trsTenes  the  coili  of  the  reoeiTiiig 
initTument,  deflectjog   its  needle,  paaaea  from  i*  through   o  to  i,  and  lo  to  tha 

When  t  is  pressed  down,  the  zinc  pole  of  the  battery  is  eonnecled  with  the  earth, 
while  the  copper  pole  remaini  Iq  connection  through  o  and  >'  with  the  galnncinetcr  ot 
the  sending  inibrument,  and  through  it  with  tlie  line  wire,  and  a  poaitiTB  ounrnt  ia 
instantly  sent  Ihrongh  the  eoila  of  &!!  the  inatrumentB  in  the  circuit,  and  so  to  llie 
earth  at  the  most  dietant  station.  A  reverse  current  ia  prodaced  by  pnning  down 
the  liey  i,  and  thus  the  needlfa  of  the  aending  and  receiving  instramenta  are  aiiniil- 
taneouely  deHected  to  the  right  or  left  at  pleasure. 


The  more  umal  form  of  manipalating  apparatus,  and  which  is  neoessi 
in  tks  donble  needle  iaatrnment^  is  ahown  in  fig.  83. 

She  bran  cylinder,  a  c,  ia  divided  iota  two  portions,  ioMlaled  from  oi 


■>1j  adopted 

another  by 
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h  tiul»  of  iTOt;  in  tba  middle ;  ■  iteel  um  d  li  Bzed  to  tha  apper  nuftoe  of  a, 

tmd  a  eerreiponding  um   e  ta  th«  lower  nrfaM  ot  e,  ;  d  u  la  mstalliD  oeniwc- 

tion  with  the  poeitiTe  pole  of  ths  batter;  tliroagh   a,   tlie  &iia  o,   tlie  epring  x* 

uid  the  metal  eoDnsotJoa  to  the  binding  screw  p.  e  ii  dmilarlr  in  cooDeotion  with  Uie 

neiatire  pole  through  z  and  x.     The  two  iprisgs  j  and  z  are  in  eonnection  with 

the  binding  screw  T,  to  which  is  attached  the  earth  wive,  and  the  (wo  oorrMponding 

springs  on  the  other  ride,  l'  l*,  are  in  connection  p;^  3, 

with  one  exlremit;  of  the  wire  of  the  gakano- 

meter  coil,   and  through   it  with   the  binding 

■crew   L  to  which  the  line  wire  is  attached. 

When  at  rest  the  two  springs  e  i'  batt  against 

the  metatlic  points  al/j  a  onrrant  of  electridf; 

arriving  at  L  tram  a  distant  ■tottoo  can  then 

trarerse  the  coils  of  the  gaWanometer,  deflsctiiig 

ita  needle,  pass  from  I'to  K  thtongh  the  points  at 

/,  knd  so  to  T  and  to  the  earth. 

A  handle  is  fixed  to  the  otber  extremity  of  the 
axis  o(  tlie  cjllnder  ae,  bj  means  of  which  it  em 
be  rotated  to  the  right  or  left.     When  tamed, 
ai  shown  in  the  figure,  the  arm  d  presses  agunst 
tbe  spring  1^,  forcing  it  awa;  ftvm/and  making 
a  melallio  oonneeiJon  between  the  pomUre  pole 
of  the  battery  and  the  instnunent  eoil,   and    I 
thniagh  it  with  the  line  wire  and  the  distant 
initminent,  at  the  tame  inetant  the  arm  e  preiees  against  the  spring  t, 
the  negaUve  pole  of  the  battery  with  the  earth  ;   a  positive  current  thus  is  e^ 
throngh  the  imrtramtDt*  in  drcuit,  and  the  needles  are  deflected  accordingly; 


partial  rotation  of  the  cylinder  ae,  in  the  opposite  direction,  reverses  the  eon- 
nections  and  tends  a  negative  current  on  the  line,  producing  a  deflection  of  the 
needles  in  the  opposite  direction. 

The  manipulating  handlet  areahewn  la  fig.  Zi,  which  gives  a  front  view  of  a  doable 
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needle  instrament.    This  arrdngement  of  key  la  rery  perfect,  but  la  more  oomplioated 
tban  Henley^s,  and  therefore  not  so  well  suited  for  military  telegraphs. 

The  double  needle  instrument  is  merely  a  combination  of  two  single  needle  insim- 
ments.  It  requires  two  line  wires  instead  of  one;  but  the  increased  number  of 
distinct  signals  which  can  be  made  with  the  two  needles  enables  a  despatt'h  to  be 
transmitted  more  quickly  than  with  the  single  needle  instrument,  and  it  is  adopted 
on  most  of  the  railways  in  England.  The  ordinary  rate  of  signalling  is  from  16  to 
18  words  in  a  minute,  and  as  many  as  25  or  even  30  words  have  been  read  in  speciAl 
cases.  In  case  of  injury  to  one  wire  the  other  is  available,  and  the  instruments 
can  be  worked  as  single  needles.  The  second  wire  is  also  very  useful  during 
magnetic  storms,  the  deflections  of  the  needle  being  obviated  by  using  the  second 
wire  for  the  return  current  instead  of  the  earth.  The  alphabet  used  with  the  douUe 
needle  instrument  will  be  understood  from  fig.  85,  which  represents  the  &ce  of 
the  instrument  with  its  two  needles.  The  letters  A  to  o  are  made  with  the  left-hand 
needle  ;  thus,  a  =  two  beats  of  the  upper  part  of  the  needle  to  the  left^  E  =  one 
beat  to  the  right,  a  =  three  to  the  right,  o  ~  one  to  the  right  followed  by  one  to  the 
left,  D  the  reverse  of  o.  h  to  p  are  signalled  in  a  similar  manner  by  the  right-hand 
needle.  The  letters  on  the  lower  parts  of  the  dials  are  made  by  moving  both 
needles  at  once ;  thus  for  s  the  needles  are  simultaneously  deflected  twice  to  the 
right  (their  lower  extremities  pointing  towards  the  letter),  for  t  the  lower  extremities 
of  both  needles  are  deflected  three  times  to  the  right,  q  is  represented  by  the  two 
upper  extremities  being  deflected  inwards,  z  by  the  reversed  position  of  the  needles. 

A  special  alphabet  was  formerly  used  with  the  single  needle  instrument,  but  the 
European  Morse  Alphabet  has  lately  been  adapted  to  it,  by  using  the  beat  of  the 
needle  to  the  left  to  represent  a  dot  and  the  beat  to  the  right  to  represent  a  dash* 
This  simplification  is  an  important  advantage. 


THE   EUROPEAN   MORSE   TELEGRAPH   ALPHABET  AND   SIGNALS. 


Alphabet. 


HAgnetIc,  or 

Single  ' 
Needle. 

MAgnetlc,  or 

Single 

Mftgnetle,  or 

Single 

Prioting. 

Printing. 

Needle. 

Printing. 

Needle. 
\W 

A 

y 

J            

Jll 

s 

&(«) 

yy 

K          

IJ 

T          - 

/ 

B          

Ann 

L           

J» 

u         

.J 

C          

M 

M 

II 
A 

i  ii  (ue) 

.J/ 

D          

An 

N         -- 

,V          

s.sJ 

B 

\ 

0          

///    ,w        

y/ 

P          

N^V 

o(ce) 

III.  1  X        

Ay 

G          

/A 

P           

yA  !  T    

A// 

H         

1 

WW  i  Q        

IIJ     z         

//ss 

I 

w     1  R        

Jk       :   Ch» 

//// 

French  accented  c    . C^^A^) 


*  N.B. — Ch  must  always  be  sent and  never  as  separate  letters. 
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Additional  Signals. 


T  Understood 
I  or  S  Not  understood 
Comma 
S  Q  Full  stop  (.) 

M  Q  Wait  . 
G  Q  Fresh  paragraph 
P  P  Parenthesis  ( ) 
C  C  Inrerted  commas 
L  L  Underlined 
D  Q  End  of  address 
M  M  Instmctions  after  message 
P  Q  End  of  message 

Correction  (in  sending)  . 
£  B  AU  right 

Repeat,  or  ? 


J.  For  printing. 


Mftgnetle,  or  Printing.      Single  NeodU». 


-} 


/ 


xsv//y 
////J 
iiJij 

I  J.  /A 


\\ 


IJU 

II 1/ 

Jkllsl 

JJJJJJ 
J.  J. 

XN  /Ax 


Signals  for  Numbers. 

1 

Magnetic,  or 
Printing. 

Single 
Needle. 

MNgnetie,  or 
Printing. 

Single 
Needle. 

2 

3 

4 

5 

J/// 

sJ// 

xxy/ 

\\\v 

6 

7 

8 

i     9 . 

0 

1 

A\\\ 

//xxx 

//Ax 
///A 

///// 

In  telegraphing  numbers  on  the  needle  instmments,  give  the  signal  F  I  before  the 
figures  and  I F  after  them,  sending  each  figure  in  snccession. 

It  will  be  observed  that  Morse's  alphabet  is  applied  to  the  ordinary  single  needle 
instrument  by  nsing  the  beat  to  the  right  (/)  for  the  dash  ( — ),  and  the  beat  to 
the  lefb(\)  for  the  dot  (-).  In  using  the  magnetic  single  needle  instrument^  or 
the  printing  instrument,  the  di£fcrence  between  doU  and  dashes  must  be  made  by 
time^  bat  in  using  the  ordinary  yoltalc  single  needle  instrument  the  beats  to  the  right 
M't^trw  ^^  ^^^  °^^^  ^  made  at  an  uniform  rate,    and  aa 

quickly  as  the   eye  can   follow  them  accurately,-  a 
momentary  pause  being  made  after  each  letter. 


CODE  TIME. 

Hours.  Min. 

7     0    would  be  sent 

8     15 

11     59 

12     12 


)t 


i> 


»} 


n 


»» 


»» 


G 

CC 
LLX 
MBS 
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RuUsfor  Spacing.  The  length  of  a  dot  being  taken  as  the  nnit.— 1.  A  dath  is  equal 
in  length  to  3  dote.  2.  The  space  between  the  elements  of  a  letter  is  equal  to  1  dot. 
3.  The  space  between  two  letters  of  a  word  is  eqnal  to  3  dots.  4.  The  space  betireea 
two  followlDg  words  is  eqnal  to  6  dots. 

The  above  rules  are  illustrated  by  the  words  below,  **  at  the  hour  named  " 

a  t  t  h  e  h  0 


u  r  n  a  m  e  d 


In  sending  through  long  circuits,  especially  if  submarine  or  subterranean,  the  duts 
must  be  made  firmly  and  distinctly,  thus, ,  and  not  thus,     .     ,     .     . 

When  several  stations  are  connected  by  electric  telegraph,  each  station  ahonld 
have  a  distinct  **call  signal,"  such  as  2)5,  N  C,  &c.  The  prefixes  S  A^  and  Z  A, 
are  also  used  to  denote  that  the  message  is  on  service,  or  private. 

In  sending  a  message  from  one  station  to  another,  the  following  system  should 
invariably  be  followed  :— 

1.  Give  the  call  signal  of  the  station  to  which  you  are  sending. 

2.  When  you  have  received  the  answer,  send  your  own  call  signal. 

3.  When  you  have  received  the  answer,  send  the  proper  prefix,  then  the  code 
time,  and  then  the  number  of  words  in  the  message  about  to  be  sent,  including 
the  addresses,  but  not  including  ''from  '*  and  <*  to,"  which  words  are  printed  on  the 
form. 

4.  Send  the  addresses  of  the  persons  from  and  to  whom  the  message  is  sent^  and 
give  the  signal  D  Q. 

5.  Send  the  message. 

6.  If  necessary,  give  the  signal  M  M,  followed  by  instmotions  how  the  message  is  to 
be  forwarded. 

7.  Signal  P  Q,  signifying  the  message  is  completed. 

8.  If  the  number  of  words  sent  back  by  the  receiving  station  is  not  correct^  send 
the  right  number  again,  and  then  send  the  initial  letter  of  each  word  of  the  address 
and  message  until  the  mistake  is  discovered. 

In  receiving  a  message — 

1.  On  receiving  your  call  signal,  send  back  the  same  to  signify  you  are  at  your  post. 

2.  On  receiving  the  call  signal  of  the  sending  station,  send  back  the  same,  signifying 
you  understand. 

8.  Receive  the  message,  giving  the  ''understood*'  or  "not  understood"  at  the  end 
of  each  word. 

4.  Count  the  number  of  words  you  have  received  (as  above). 

5.  If  there  is  an  error,  send  "?**  and  the  number  of  words  yon  have  reoeived. 
Tou  will  receive  the  correct  number  again,  and  then  the  initial  letter  of  each  word, 
which  must  be  repeated  back  until  the  error  is  discovered. 

The  great  advantage  of  the  single  needle  instrument  is  its  mmplioity ;  it  is  the 
simplest  and  most  portable  form  of  telegraph,  and  so  efficient,  that  the  Magnetic 
Telegraph  Company  still  employ  it  on  their  busiest  lines.  As  many  as  20  words  in  a 
minute  can  be  transmitted  and  read  by  ex})ert  operators ;  from  12  to  14  words  is 
however  the  ordinary  rate. 

In  needle  telegraphs,  the  person  sending  a  despatch  sees  the  working  of  his  own 
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needle,  wbicli  aniits  him  in  sending  eorreetlr,  and  he  is  always  in  direet  conmnni* 
cation  with  the  distant  station  without  the  necessity  of  putting  clock-work  in  motion, 
or  any  danger  of  the  two  instraments  not  being  in  adjustment  together,  as  in  the 
printing  or  letter-showing  telegraphs. 

The  instrument  coils  offering  a  comparatively  feeble  resistance,  four  or  five  instru- 
ments can  be  put  into  the  same  circuit  without  difficulty,  and  the  same  instrument 
can  receive  and  transmit  in  either  direction. 

The  disadvaintages  of  needle  instruments  are  that  they  do  not  record  the  messages 
sent,  the  strain  on  the  eyesight  is  considerable,  and  two  persons  are  required  to  i*eceive 
a  message  quickly,  one  observing  the  motions  of  the  needle  and  dictating  the  message 
as  it  is  received  to  the  second,  who  writes  it. 

Messrs.  Bright  have  patented  a  telegraph  which  is  used  in  combination  with  single 
needle  instruments  on  the  lines  of  the  British  and  Irish  Magnetic  Telegraph  Com- 
pany. Two  bells  are  used,  one  having  a  shrill  tone  and  the  other  a  deep  tone. 
These  bells  are  struck  by  small  hammers  set  in  motion  by  electro- magnets,  the 
shrill  tone  corresponding  with  the  deflection  of  the  needle  to  the  left,  or  the  dot, 
and  being  produced  by  a  current  of  negative  electricity  on  the  line,  and  the  deep  tone 
corresponding  with  the  beat  to  the  right,  or  the  dash,  by  a  current  of  positive 
electricity.  A  practised  clerk  can  receive  by  ear,  with  this  instrument,  as  quickly  as 
he  can  write,  and  he  is  always  in  direct  communication  with  the  sender  by  means  of  a 
single  needle  instrument  at  the  sending  station.  The  bells  require,  however,  a  strong 
current  of  electricity  to  produce  a  distinct  sound,  and  relay  magnets  and  a  local  bat- 
tery are  necessary,  which  will  be  described  under  the  head  of  the  Morse  instrument 
an  arrangement  of  mufflers  to  deaden  the  vibrations  of  the  bells  is  also  used,  and  these 
complications  unfit  the  instrument  for  military  purposes. 

A  simple  instrument,  giving  two  distinct  sounds  corresponding  with  the  dot  and  the 
dash,  and  showing  also  the  movements  of  the  needle  to  the  right  or  left,  might  pro- 
bably be  constructed,  which  would  materially  assist  the  receiving  clerk  and  enable  him, 
after  some  practice,  to  write  the  message  as  he  received  it  by  sound,  and  thus  save 
time  or  a  second  clerk.  Steinheil  constructed  an  instrument  which  appealed  to  the 
senses  both  of  sight  and  hearing,  in  the  early  days  of  electric  telegraphy  ;  but  it 
was  never  brought  into  general  use,  probably  on  account  of  its  being  too  complicated. 

When  several  needle  instruments  are  in  connection  in  the  same  circuit  the  line  wire  is 
cut  at  each  station,  and  the  ends  united  by  an  insulating  shackle,  from  each  side  of 
which  a  wire  is  carried  into  the  office,  one  being  attached  to  the  earth  wire  terminal  and 
the  other  to  the  line  wire  terminal  of  the  instrument.  Each  instrument  has  its  own 
battery,  and  is  thus  always  ready  to  receive  or  send  a  message,  which  will  be  signalled 
at  every  station  in  the  circuit — the  currents  passing  through  the  whole  line  and  all 
the  instruments  from  the  earth  at  one  extremity  to  the  earth  at  the  other  extremity  of 
the  line. 

When  several  instruments  are  thus  in  circuit,  it  is  often  useful  to  break  the  con* 
tinuity  of  the  line  at  some  point  so  as  to  form  two  or  more  independent  circuits  ;  thus 
if  stations  A,  B,  o,  and  D  are  all  in  connection.  Each  instrument  has  its  battery,  but 
only  the  two  terminal  stations  have  earth  wires,  the  current  passing  through  the 
instrument  coils  of  the  two  intermediate  stations.  If  a  wishes  to  communicate  with 
B,  the  message  can  be  read  at  o  and  d  also,  and  the  stations  o  and  n  cannot  com- 
municate until  A  and  B  have  ceased.  Arrangements  called  "switches'*  or  '* com- 
mutators" ore  used  to  obviate  this  difficulty — a  simple  form  is  shown  in  fig.  85.  Three 
brass  plates  a,  &,  c,  are  screwed  to  a  piece  of  varnished  mahogany,  and  holes  are  bored 
at  Xf  y,  2.  Wires  are  brought  from  the  earth  terminal  and  line  tvire  terminal  of  the 
instrument  to  bmding  screws  at  a  and  b,  and  c  is  connected  with  the  earth  :  a  brass 
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pin  can  be  inserted  in  x^  y^  or  z.     If  placed  in  x^  the  current  between  tlie  other 
stations  will  pass  from  a  Ui  h  through  the  brass  pin  without  affecting  the  instru- 


Fig.  35. 


liimt  wire 


Xin»  ntire 


•  .J 


-  €aHA 


nent  in  connection  with  it^  and  the 
resistance  of  its  coils  will  thoa  be 
taken  out  of  the  line.  If  placed  at  y, 
the  instrument  is  in  direct  eommnni* 
cation  with  the  stations  on  the  rights 
the  currents  arriving  from  that  side 
passing  through  the  instrument  to 
a,  and  through  y  to  the  earth  plate  c  : 
and  if  the  pin  be  placed  in  s,  the 
instrument  is  in  communication  with 
stations  on  the  left  in  similar  man- 
ner, the  other  part  of  the  line  being 
left  free  for  communications  between 
the  remaining  stations. 
Needle  Telegraphs  are  sometimes  made  with  a  huriiontal  needle,  arranged  in  the 
manner  shown  in  the  sine  galvanometer,  fig.  53.  A  permanent  magnet  must  be 
placed  near  the  needle  to  bring  it  to  rest  at  zero.  This  method  is  adopted  in  India 
and  is  found  convenient^  as,  by  varying  the  position  of  the  magnet,  the  disturbing 
influence  of  terrestrial  currents  is  counteracted. 

Needle  Telegraphs  have  also  been  constructed  in  which  the  deflections  to  the  right 
and  left  are  obtained  by  electro -magnets,  inftead  of  by  the  usual  arrangement  of  the 
galvanometer.     This  syntem   is  recommended  by  some  authors  on  account  of  the 
euperior  sharpness  and  distinctness  of  the  beats  over  those  produced  by  the  galtano- 
meter  arrangement ;  but  it  has  not  come  into  general  use,  because  it  requires  more 
powerful  currents  of  electricity,  and  either  balance  springs  or  reverse  currents  of 
electricity  must  bo  employed  to  OTercome  the  residual  magnetism  of  the  electro- 
magnets :  moreorer,  the  magnetised  needles  must  be  carefully  adjusted  as  to  their  dis- 
tance from  the  armatures  ;  if  they  touch  them  they  will  adhere.  The  electro-magnet  ia 
not  employed  to  advantage  when  it  has  to  move  its  armature  through  any  distance, 
its  force  decreasing  as  the  square  of  the  distance.     In  the  galvanometer  the  mazimnm 
force  is  employed  to  overcome  the  inertia  of  the  needle  and  deflect  it  from  its  normal 
position,  and  the  force  decreases  as  the  deflection  increases.     When  eleotro^magnets 
are  employed  for  the  purpose,  their  minimum  force  acts  at  first,  and  it  increases  as 
the  needle  is  deficcted  and  approaches  the  attracting  pole. 

Magnetic  electricity  has  been  largely  employed  for  needle  telegraphs.  Mr.  Henley 
manufactuns  an  instrument  on  this  principle,  which  is  shown  in  fig.  86.  A  is  a  per- 
manent magnet,  n  and  s  its  north  and  south  poles,  b  is  a  portion  of  a  hollow  brass 
cylinder,  or  wlicd,  on  the  surface  of  which  are  fixed  pieces  of  soft  iron,  a  a'  a^,  and 
which  is  moved  through  a  small  arc  on  the  central  axis  c,  by  means  of  the  lever  and 
handle  h,  its  motion  being  limited  by  the  stop  d,  a^^aiust  which  two  pn^jections  p  j/, 
padded  with  india-rubber,  strike.  B  being  heavier  than  H,  p'  buts  against  D  when  the 
instrument  is  in  its  normal  state,  e  is  an  electro-magnet,  its  poles  being  horiiontallj 
beside  one  another,  and  so  iilaccd  that  a  u^a"  pass  very  close  to  them,  but  do  not  touch 
them.  In  the  normal  position,  a  is  op{)OHite  to  v,  and  to  the  left  hand  pule  of  the 
electro- magnet,  communicating  to  it,  by  induction,  s  polarity ;  a*  is  opposite  to  8, 
and  to  the  right  hand  pole  of  the  electro-magnet,  which  thus  becomes  a  x  pole ;  a* 
is  inactive  in  this  position.  When  n  is  depressed,  a  is  removed  from  its  position 
opposite  the  left  hand  pole  of  the  electro-magnet,  and  is  replaced  by  a**,  which  com- 
municates to  it   K  polarity,   while  a\  still  opposed  to  the  right  hand  pole  of  the 
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BlMtro-nugne^  ii  remored  fron  tba  inBuMW  of  a;  uid  bniaght  opposite   i 
rcTening  (he  poluitj  of  i.     At  each  leTeml  of  the  polarilj  of  b,  >  momsnta 


rent  of  indnced  eleotncitj  drcalatei  throagh  iti  coils,  irhich,  being  in  camaiunicatiaD 
at  one  eztremitT  irith  tlie  carlh,  and  at  the  other  with  the  eoila  of  the  electro -magnet 
of  its  receptor,  and  ao  throsgh  the  line  win  to  the  distant  station,  aSects  both  the 
needtei  at  the  same  momeDt.  In  this  ioitrnment  the  ueedle  is  alirsja  acted  apon 
by  aliematiDg  rerene  cnmnta  oFiDO[neatai7dDiatiaii,  and  thererore  it  is  neeesaary 
lo  temper  Out  poles  of  the  eleetro -magnet  of  the  receptor  alightlj,  in  order  ttiat  thej 
mnj  retain  some  of  the  mignetiim  ccmniDnicated  to  them  by  the  mamcntary  cnrrents  of 
induced  dectrimty,  and  go  hold  the  needle  over  to  the  side  to  nhieb  it  may  have  been 
deflected  until  the  rerene  carrent,  deitroytog  the  residual  magnetism,  imparts  magne- 
tism of  the  opposite  kind.  The  deSectJan  to  the  left  is  taken  as  the  sero  correspond- 
ing with  the  normal ^losition  of  the  leier  B  a,  and  the  deflections  to  the  right  are 
given  different  doralion*  to  eignify  the  doU  and  datha  of  the  Horse  alphabet. 

The  ugnak  giren  by  this  inatmment  are  not  so  distinct  and  mpid  and  euily  read 
as  those  on  the  single  needle  instrnment  worked  by  roltuc  electricity,  the  signals 
TftproseDUag  the  dot  and  the  daik  on  the  latter  being  deflections  to  the  left  or  tie 
right,  whioh  can  be  made  with  nniform  rapidity,  the  zero  being  the  vertical  position  of 
the  needle.  The  indaced  electricity  obtuned  from  magnets  has  nbo  the  disadvantage 
of  being  developed  nnder  eonaiderable  tension  while  it  is  small  in  quantity  :  these  con- 
ditiona  require  very  perfect  I  osnlation  in  the  condnoting  wires. 

The  degree  of  teniion  may  be  lowered  considerably  by  employing  a  thicker  wire  on 
the  electro-magnet.  A  htrge  pl^^  of  magnets,  weighing  about  50  Tbe.  each,  and  having 
eteotro-magnets  woond  with  No.  20  wire,  gave  cnrrents  of  considerable  quantity  and 
of  comparatively  low  tension  :  the  resistance  of  the  eoils  was  about  20  miles.  They 
were  conilmcled  (o  work  throagh  300  miles  of  over-ground  wire.  A  pair  of  similar 
magnets,  having  their  coils  wound  with  No.  iO  wire,  of  such  a  length  as  to  give  a 
lesistanceof  between  200  and  300  miles,  produced  a  cnrrenbof  much  higher  tension  and 
much  smaller  in  quantity  :  the  least  defect  of  insulation  was  sufficient  to  cut  off  the 
eommuaicaUoD  between  these  iustnimenla.  For  einmple,  they  worked  perfectly 
through  a  well  insahtt«d  cable  lOS  miles  long,  between  Mahon  and  Barcelona;  but 
n  with  ■  cable  3i  mile*  long,  between  Dieppe  and  Beachy  Head 
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tb»  iaiaUtion   at  vliich  vu  imperTeet,  no  dguili  eonld  b«  tnmsmitled,  althongli 
wnkk  ugDkli  were  obtniDcd  b;  the  ura  of  36  cells  of  Duiiel'i  Wterr. 

The  tvvia  of  tbs  nrmnture  of  the  electro- mignet*  iq  tlie  te<»ptorB  of  thew  inetnl- 
t'lg  S7.  mente  is  Ebown  in  Eg.  37.     Tbe  leedle  is  attracted  hj  two  of 

tbe  eitremitiea  of  the  bonii,  uiil  ropelled  b;  tbe  other  two ; 
wbtDtbe  ontTeut  i<  rsTerwl  ia  the  eloctro-msgoet,  ths  attrnc- 
I  Uona  and  repulsiom  take  place  in  the  opposite  direetioo. 

In  order  to  reduce  the  leeiilance  in  the  circuit,  the  coila  of  the 

I    large  electro- magnet  are  excluded  ohea  the  iDstrnmeDt  i>  in 

the  position  for  receiTing,  bj  tbe  contact  between  the  apod  h 

and  the  ipring  /,    /  is  in  connection  with  the  earth,  and  A, 

tbrongh  the  bran  framework  of  the  iutnmeat,  with  the  coil 

of  llie  electro- magnet  of  the  reoeptor. 

]tvfore  diuaiuiDg  the  anlijeot  of  needle  telegraphi  a  brief  notJM  mnat  be  made  of 
ProJvuor  ThomKin'i  rtSecUog  gilTanometer,  which  wai  the  onl;  iutrament  bj  meaika 
of  which  menage*  could  be  tranimitted  through  the  Allantie  cable  doriDg  the  last 
lUjs  of  iU  life.  It  conttitt  of  a  light  mignetised  ilcel  needle,  ■nipended  bj  unepnn 
ulk  in  the  centre  of  a  eail  of  fine  win;  annalt  mirror  ia  cemented  to  the  middle,  and  a 
lampii placed  lo  thatitalighlmaj  be  refl«at«dbjtheiiuiTor.  A Ttry  aliglit  movement 
nf  tbe  needle  cauaea  a  conuderable  morement  in  the  ipot  of  light  which  ii  thrown  npoo 
a  graduated  an  of  a  circle.     The  needle  ii  brought  to  ita  Km  hj  means  of  a  magnet. 

This  arrangement  wai  found  tctj  oaefal  on  board  iliip  in  lajing  the  Atlantic 
csble  ;  tbe  needle,  being  impended  bj  iti  centre  of  gmitj,  wm  not  attected  bj  the 
motion  uf  the  Teasel.  And  after  the  Ginlta  in  the  cable  had  rednced  tbe  Siroa  of  the 
cnrrenta  arriTing  from  Kewfonndland  to  ao  low  a  de;ree  that  no  other  initnment 
would  girc  anj  indication  uf  the  ugnals,  thia  delicate  galnnameter  continoed  to 
wotk  Bliafitetoril.r,  nutil  the  &nlts  increaaed  to  far  ai  entiielj  to  cot  off  the  tom- 
uunication  thnmgh  the  cable. 

Diol  Tf/<yraj'Aj.— Theee  inilnmenta  are  ebiely  nlaable  Irom  their  not  reqniring 
anj  >pecial  training  in  the  operator,  a  rerj  little  {oactice  rnahltng  anj  one  to  aend 
•r  Tcei'iTC  ■  despalcli  bj  (heir  mnm.  Thej  are  more  complicated  and  expcovTe  than 
the  needle  telt^rapb,  and  the  tanie  rapiditj  of  lianimiuion  canooi  be  attained  with 
thrm  u  with  the  Ulltr.  The;  hate  the  nme  disadTantagca  of  not  recording  (heir 
atsagr,  and  ^e^lni[in;  twu  clerks,  one  toreoeireand  the  other  to  write.  The  lirapleat 
of  these  inatmmentt  ii  frobabl;  Ilenlej'a  dial  l«1egnpb,  ihown  in  Gg.  3S. 

The  biHiiontil  dial,  eairjing  the  lelUr^  ii  sopported  alure  the  ban  bogtrd  id  the 
taMrumeot  br  a  Tntical  rod,  abich  passea  through  (be  hollow  axis  x  of  the  bra« 
whnl)  *  w'.  Tl)*  ha»Jle  if  is  alai  attached  to  x  b;  an  aim  Bndenicath  the  dial,  as 
(hat  ai  tbe  hn-i'.t  u  niorcJ  roand  the  dial  the  wheelt  mon  with  it.  c  is  a  oa- 
|vuud  hone>sh.«  mapnel  ;  its  power  (depending  dtcfly  on  the  nnmber  of  t«mi»  gr 
plalest  ii  sailed  to  the  electiMal  reiittaace  of  the  fMrticoUi  circmt  thna^  which  it 
is  iBlfBJ^  to  wwk. 

Ttt  naptet  i«  geaeiallT  powerful  »Mgh  in  theee  instnaeats  (a  weak  aaotfcu 
InalnLmnit  at  aij  dii(aBce  ap  to  SO  milca.  d  is  a>  electro  magnel,  (he  eoiv 
being  in  the  U-rm  <t  a  horse^k.'*.  and  the  t<ala  being  vatkallT  aboic  «■*  aaoths; 
BdJ  tvlwnn  ibe  Xtra  {vlra  et  the  peraanenl  magnet.  On  the  oitamfai^we  of  eadh 
of  lh«  wheel*  v  T'  arc  ntcand  13  pwas  of  aalt  iioa  a,  a,  «, — •',  •',  ■',  rf  iBck 
a  slie.  aeJ  M  pU.-«i]  with  reaptot  lo  Me  aether,  (hat  a(  At  Moacst  vbsa  ■  in 
»)>r-  «■'  >-^  Ik*  Ecrth  pole  of  th*  ptrmaMBt  Magact,  a'  ia  o^vaiu  to  tW  mmA  pol^ 
a  imraitlEg  bj  iaJactka  aorth  pctsriv  ta  tha  appa  cad  ef  <ht  tUrtrn  migat^  w^ila 
a'  imfai«  soath  pslarit;  (a  (he  bwtr  m4.    A  laTcne  activ  takaa  flaee  wkaa  tha 
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handla  hu  been  mored  Unongh  the  2SUi  put  of  tha  oiroiuiiicnDM  of  the  dnle 
(corTespDndiiig  vith  lli«  diMknee  brtveen  two  letlen) :  nt  tha  inituit  oi  okIi  raveraal  af 
Ibe  pota  of  tba  eleotro-magiiet  effected  in  thia  mADoar,  enrranta  of  dectlicitj  In 
■IteroaU  directiona  pui  throiigl]  ita  txnla. 

Om  oitramitj  of  the  aoLl  win  U  Mnneeted  with  tha  earth,  the  other  with  tha  ooila 
of  a  amall  elaotni -magnet  (behind  the  reoeiviiig  duU  of  tha  iostnimeiit),  throagh  which 
each  induced  enrrent  puaeij  then  timranea  tha  line  wire  to  the  diatut  ii 
eJieolatea  throngh  the  coiln  of  the  eleetto-mftSiMt  of  iU  neeptor,  nad  m 

tig.  3a. 


eMih  through  a  abort  drcuit  ronned  bj  the  apring  «,  and  a  acrew  on  the  metal  plate  b  ; 
Iheae  toach  each  other  onlj  when  tha  haadlq  ia  bronght  to  leni,  a  roller  r  dd  the 
apring  puaing  at  thai  moment  into  a  notch  on  the  ander  aide  of  tha  lover  wheel,  and 
thua  alkwing  a  to  riee  and  come  into  contact  with  B.  The  object  of  Ihia  is  to  cat  oat 
of  tha  droolt  the  reaiatanee  of  the  cuiU  on  the  large  electro-magnet,  which  ia  eqaal  to 
•eferal  milea  of  the  line  wire. 

The  alternating  currenti  oF  electriei^  Aot  dreokted  throngh  the  coils  of  the 
electro- magnet  of  the  Tsceptor  work  an  eacapement  in  the  followiog  manner  : — 

Pieen  of  mft  iron  are  fixed  on  the  polea  of  the  electro-magnet,  forked  at  their  ends, 
and  approBohing  each  other  Teiy  clcselj  ;  the  lower  and  of  a  magnetic- needle  banga  in 
the  alot  ao  formed,  and  being  alwaja  within  and  aorronnded  by  the  soft  iron,  it  ia 
acted  npon  moch  more  powerfollj  hj  the  mignetio  force  than  if  it  eimplj  vibrated 
between  the  pales  of  the  electro- magnet.  The  other  end  of  tbe  needle  is  formed  into 
two  pallela,  which,  hj  iu  iiltemate  moTeiDent,  act  an  inclined  teeth  on  the  opposite 
sides  of  an  eacapement  wheel,  the  teeth  being  cot  in  a  peculiar  wa;  to  prevent  recoil. 

The  small  iodci-hand  of  the  receptor  ia  thoa  made  to  rerolva  in  the  aamc  manner 
aa  the  acoonda  band  of  a  watch. 

It  will  be  evident  from  this  description  that  the  mnvementa  of  the  handle  d,  will  be 
eiactlj  fulluwed  by  tbe  small  index-haul  on  the  receiving  dials  of  both  instrameDt^ 
whatever  letter  ia  iuJieated  b;  the  portion  at  d,  being  also  painted  out  by  tha  index- 
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band  oftbe  Tecepton,  andthni  meuagei  un  be  nat  uiil  receiTcd  by  uy  penon  kfter 
a  little  practice  without  ibe  fcaon ledge  of  >  ipecUl  slphsbet. 

Tbe  apring  tud  button  od  tbe  left  of  the  isitnimcDt  m  for  eetting  the  (ndei-huid 
of  tbe  receptor,  Bboald  it  at  any  time  get  wrODg.  On  jlightly  nuaing  tbe  ipriog  tite 
circuit  ii  brokeo  with  the  coils,  ao  that  n  can  be  tnoTed  to  the  iBiae  letter  od  the 
large  dial  tbat  the  index  pointa  to  on  the  dial  of  the  receptor,  without  uiy  comnt 
paaeing.  On  preiaing  tbe  batton  dowQ,  a  short  citeuit  ia  fbrmed  between  the  two 
outer  tarmiDala  connected  with  the  line  and  earth  wires,  lo  tbat  tbe  handle  D  m  Uk 
large  dial  and  tbe  index  of  tbe  receiving  dial  will  be  moved  simDltaneeosly  round  to 
lero  without  affecting  the  distant  instrument. 

Ad  iDstmment  very  siiuilar  id  coaatractjon,  but  worked  by  Toltaic  Electricity,  ii 
made  by  tbe  same  person,  and  is  preferable  in  some  points  of  view.  The  rotation  of 
the  dial  is  more  eiuly  effecteil  thaD  in  tho  magnetic  instnunent,  in  using  which  aome 
force  is  required  to  uvercome  the  attcactioa  of  the  magnets  :  bat  (or  abort  permaDent 
circuits  tbe  magnets  are  generally  preferred,  because  ths  voltaic  batteries  give  tome 
trouble,  and  the  DuuDtenance  of  a  sufficiently  well  iniolaled  line  fat  ahort  distanM*  ia 
not  difficult. 

Measra.  Siemens  and  Halske  have  a  magnetic  dial  tel^rapb,  aonewhat  on  tbe  aame 


Fig.  SB, 


principle  as  Henley's.  They 
conaider  that  tbey  obtaiD 
greater  effect  from  tbe  nme 
number  of  plates  of  pcr- 
maneDtly  magnetJied  iteel  by 
separating  tbem  from  one 
another,  and  allowing  each 
one  to  act  independently,  bat 
in  tbe  same  direction,  upon 
the  soft  iron  armatura  of  the 
electro-magnet,  In  th«r  in- 
slmment  tbe  eleotro- magnet 
la  a  straight  bar  of  salt  imn, 
wound  with  insulated  win 
and  placed  vertJcally  inside  a 
cylinder  (a,  fig.  89),  which  ia 
made  to  rotate  ou  a  vertical 
axis  between  the  poles  of  tho 
permanent  horae-ahoe  magnets 
m,m,m.  The  cylinder  ii  made 
of  brass,  and  has  two  stripa 
of  soft  iroD  eunk  into  ila  circumference  parallel  to  its  ails,  and  in  commnnicatioD 
with  the  iwlea  of  the  soft  iron  core  of  ths  electro-masnet  inside  it.  Opposite 
polarities  are  induced  in  these  strips  of  soft  iron  as  they  come  alternately  oppoaite  the 
north  and  south  poles  of  the  permanent  magnets,  and  alternate  currents  of  pontire 
and  negative  electricity  are  thns  generated  and  transmitted  to  tbe  distant  station, 
setting  in  motion  index-hands  by  an  ewapement  somewhat  different  in  foim  tint 
similar  in  principle  to  Heuley'a.  The  lerrated  wheel,  w,  enables  the  operator  to  stop 
the  handle  at  any  particular  letter  with  greater  certainty. 

Thene  instruments  have  been  birgely  used  in  Rusaia,  Germany,  Turkey,  and  Sweden, 
and  hnve  given  great  saliafoction. 

Frufeaaor  Whealstone  was  the  first  to  use  a  dial  telegraph  worked  by  magnetic 
electriaty,  and  he  has  lately  improved  npon  his  original  inatromeot,  which  is  now  a 
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inoflt  beautiful  and  perfect  piece  of  mechanism,  thoagh  somewhat  complicated  in  its 
details.  He  uses  a  constant  saccession  of  alternating  currents  produced  by  rotating 
aimatnres,  the  permanent  magnet  and  electro-roainicts  being  fixtures.  A  number  of 
metal  lexers  are  connected  with  buttons  placed  round  a  dial,  and  corresponding  with 
the  letters  of  the  alphabet  and  other  signs  upon  it ;  an  index-hand  is  attached  to  this 
dial,  which  moves  round  under  the  influence  of  the  electric  current,  and  points  to  any 
letter  the  button  opposite  which  may  be  depressed.  An  **  indicator  "  is  attached  to 
each  instrument,  having  a  small  dial  and  index- hand.  The  operator  with  one  hand 
communicates  a  rotary  motion  to  the  armatures  by  means  of  a  small  winch  and  handle 
and  multiplying  wheel,  and  with  the  other  presses  down  in  succession  the  buttons 
opposite  to  the  letters  he  wishes  to  indicate.  Whenever  a  lever  is  depressed,  the  index- 
hands  of  the  ''transmitter,"  and  of  both  the  ** indicators,'*  are  set  in  motion,  and 
revolve  until  the  letter  is  reached  the  lever  of  which  has  been  depressed,  when  the 
currents  of  electricity  are  diverted  into  another  channel,  and  the  hands  stop  and  indi- 
cate the  letter.  By  the  action  of  depressing  any  one  of  the  levers,  any  other  lever 
which  may  have  been  depressed  before  is  raised,  so  that  only  one  lever  can  be  depressed 
at  one  time. 

The  advantage  of  this  system  is,  that  an  uniform  rate  of  rotation  being  preserved, 
the  furce  of  the  alternating  induced  currents  is  uniform,  and  there  is  less  liability  to 
error  f/bm  the  escapement  failing  to  move  the  index- needle,  than  in  the  case  of  the 
simpler  instrument  as  constiucted  by  Mr.  Henley.  The  force  of  the  induced  magneto- 
electric  current  depends  very  much  upon  the  rapidity  with  which  the  contact  is  broken 
and  made ;  and  a  hesitation  in  the  movement  of  the  handle  of  Henley  s  dial  may  so 
reduce  the  force  of  the  currents,  that  the  needles  at  the  sending  and  receiving  stations 
may  not  move  synchronously.* 

Both  systems  are,  however,  coming  into  use  in  our  large  towns  for  communicating 
between  mercantile  firms  and  warehouses,  &c.,  and  appear  to  give  great  satisfaction  ; 
an  alarum  bell  is  generally  attached  to  the  instrument^  which  can  be  put  out  of  circuit 
by  a  switch. 

In  Prance,  a  system  of  dial  telegraphs  (T6l6graphes  4  Cadran)  has  been  adopted  ex- 
clusively  on  the  railways— a  very  perfect  instrument,  invented  by  M.  Bregnet,  and 
worked  by  voltaic  electricity,  being  generally  used.  The  mechanism  of  this  bstrument 
is  somewhat  complicated.  The  motion  of  the  index-hand  is  not  produced  directly  by 
the  electric  current,  but  by  clockwork,  the  escapement  of  which  is  so  arranged  with 
two  ratchet  wheels  and  a  catch  which  oscillates  between  them  under  the  influence  of 
an  electro-magnet,  that  each  current  of  electricity  which  is  transmitted  on  the  line 
releases  a  tooth  of  one  of  the  wheels  and  catches  the  succeeding  tooth  of  the  second 
wheel,  allowing  the  index-hand  to  perform  a  revolution  of  j^th  of  the  circumference^ 
or  to  pass  from  one  letter  to  the  next.  The  manipulating  handle  of  the  transmitting 
dial  is  in  connection  with  a  wheel,  having  pieces  of  metal  inserted  in  it  in  such  a 
manner  as  to  make  and  break  contact  with  the  battery  (or  in  some  cases  to  reverse 
the  current  from  the  battery)  26  times  in  the  course  of  one  revolution,  a  separate 
pulsation  being  transmitted  for  each  letter  or  flgure  on  the  dial. 

When  several  of  these  instruments  are  combined  in  one  circuity  each  intermediate 
station  has  two  alarums  and  two  galvanometers,  one  for  the  line  on  the  left  and  one 
for  that  on  the  right. 

In  the  normal  state  of  a  station,  t. «.,  ready  to  receive  a  dispatch  from  either 

*  Siemens  and  Halske's  instrument  appears  to  hold  an  intermediate  position  :  more  compli-> 
cated  than  Henley's,  it  nevertheless  seems  less  liable  to  error  from  tmskilful  manipulation, 
owing  to  the  greater  distance  between  the  soft  iron  armatures  and  the  more  rapid  motion 
communicated  to  them  by  the  multiplying  wheels. 
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direction,  the  alarum  and  galyanometer  on  each  side  are  put  in  commnnieation  with 
the  line  wire  on  that  side  and  with  the  earth  by  means  of  two  oommntaton,  so  that 
a  current  arriying  from  either  side  rings  the  bell  on  that  side  only. 

When  one  of  the  bells  is  rung,  the  operator  tarns  his  commutator  so  as  to  throw 
that  bell  out  of  circuit,  and  the  instrument  into  circuit  with  the  line  on  that  side^  and 
the  message  is  received. 

Should  the  distant  station  wish  to  communicate  with  the  station  on  the  other  side 
of  that  with  which  it  is  in  direct  communication,  a  signal  is  transmitted  to  that  effect, 
which  signal  is  repeated  at  the  receiring  station  and  sent  on  to  the  next,  and  so  on 
from  station  to  station ;  and  each  operator,  after  baring  done  so,  turns  his  commutators 
so  as  to  throw  his  alarums  and  his  instrument  out  of  circuit,  and  to  allow  of  direct 
communication,  the  current  passing  only  through  his  galvanometers. 

Daring  the  transmission  of  the  dispatch  between  the  distant  stations,  the  needles  ot 
the  galvanometers  are  agitated  ;  when  they  return  to  rest,  the  intermediate  stations 
know  that  the  dispatch  is  finished  ;  they  then  restore  the  connections  to  their  normal 
condition. 

This  is  the  system  adopted  on  the  French  lines  of  railway,  and  very  generally  on 
the  continent  of  Enrope,  and  which,  it  will  be  observed,  is  more  complicated  than  the 
system  of  needle  telegraphs  used  in  England. 

The  advantage  is  that  comparatively  untrained  operators  can  work  the  telegraph, 
but  this  advantage  appears  rather  problematical,  as  trustworthy  and  well-educated 
persons  must  always  be  employed  on  such  duties  ;  and  the  alphabet  and  manipulation 
of  the  needle  telegraph  becomes  perfectly  familiar  to  an  intelligent  person  of  good 
education  in  about  a  month,  while  its  superior  simplicity  and  cheapness,  and  less 
liability  to  get  out  of  repair  or  out  of  adjustment,  and  also  the  greater  rapidity  with 
which  messages  can  be  transmitted,  appear  to  justify  the  preference  given  to  needle 
telegraphs  in  England. 

PRIHTIHO  TBLBO&APUfl. 

The  most  simple  and  most  generally  used  of  these  is  of  American  origin,  invented 
by  Professor  Morse,  and  adopted  in  America  at  the  same  time  that  Messrs.  Cooke  and 
Wheatstone  introduced  the  needle  telegraph  in  England. 

The  Morse  telegraph,  slightly  modified  and  improved,  is  now  adopted  on  almost  all 
the  principal  telegraph  lines  in  the  world.  In  principle  it  depends  upon  the  attraction 
exercised  by  an  electro- magnet  on  a  soft  iron  armature  attached  to  one  arm  of  a  lever, 
the  other  arm  of  the  lever  carrying  a  pen,  which  is  brought  into  coniict  with  a  strip 
of  paper  every  time  that  the  lever  is  raised.  The  pai>er  is  kept  in  reguhur  motion  by 
clockwork ;  and  as  currents  of  longer  or  shorter  duration  are  circulated  through  the 
electro-magnet,  it  attracts  the  armature  in  a  corresponding  manner,  and  the  pen  marks 
Pig  40.  lines  on  the  paper  of  different  lengths,  sepa- 

rated by  spaces  w^en  no  current  is  passing. 
These  lines  and  spaces  are  combined  into 
letters  and  words,  according  to  the  alphabet 
given  at  page  662.  The  transmission  of  the 
currents  of  electricity  is  effected  by  the 
operator  by  means  of  a  key,  shown  in 
figure  40  :  k  is  a  brass  lever,  having  at  the 
extremity  of  the  longer  arm  a  button,  p,  of 
insulating  material,  adapted  to  the  finger 
of  the  operator,  and  at  the  other  end  a  screw 
y,  which  passes  through  the  lever,  and  the  point  of  which  can  be  adjusted  to  any 
degree  of  prajection.     A  steel  point,  t^  is  attached  beneath  the  longer  arm  of  the 
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leTBT,  ADil  two  oontut  jMoem  of  bnm,  a  uiil  b,  *t*  find  bennth  theae  points.  A 
■mall  apring,  r,  kttbi  to  keep  tha  lersr  in  iti  normal  poaiUon,  T  being  in  contact 
villi  n,  and  (  «p«Tsl«d  from  ft.  The  lern  ii  in  ooaDeotion  with  th«  line-win 
thmngb  tbe  fnlcrum  s,  and  Um  binding.post  o  ;  i  li  in  connection  with  the  posI^Te 
pdfl  of  tba  b*tt«>7  through  b  ;  and  a  ii  in  oonnection  with  the  inttranieDt  through  a. 
rig.  a. 


Thai,  in  tbe  lUte  of  repoae,  vhen  v  and  a  are  in  contact,  a  CDircnt  coming  from  a 
distant  itation  paiwu  fram  T  to  a  and  to  tbe  earth  through  the  initrnment.  When 
p  i«  dapreMtd,  a  poiitire  comnt  i)  tmumitted  on  tlie  line  to  the  diatant  atatioa,  and 
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series  of  sneh  curreDts  of  different  dnntions  and  at  various  interrals  eaa  ihiH  te 
transmitted  by  the  operator,  prodnomg  correspondbg  signs  on  the  receptor  of  tlM 
distant  instrnment,  bnt  which  do  not  pass  through  his  own  instrument. 

In  the  original  form  of  the  Morse  instrument^  and  which  is  still  Tery  generallj 
employed,  considerable  force  is  required  to  emboss  the  signals  on  the  paper,  and  Ike 
currents  arriring  at  ^he  station  being  in  general  too  weak  for  the  purpose,  an  instm- 
ment  known  as  a  relay  is  used  to  put  in  action  a  local  battery  of  snffident  power  to 
produce  the  required  effect.  These  relays  are  of  yarious  forms ;  one  of  tho  simpleat 
is  shown  in  fig.  41,  which  is  a  view  of  a  complete  Morse  instrument  of  a  pattern  rery 
generally  used  throughout  Europe.  A  modification  has  lately  been  introdnoedy 
which  will  be  explained  further  on.  The  relay  is  on  the  right,  i^  is  an  electro- 
magnet  wound  with  a  great  length  of  fine  wire  (having  a  resistance  ordinarily  of  about 
120  miles) ;  a  metalUc  support,  E,  earries  a  lever,  d',  to  one  end  of  which  is  attached 
the  soft  iron  annature  a',  in  the  form  of  a  split  tube,  with  the  view  of  getting  rid 
of  residual  magnetism,  as  fitf  as  possible,  from  the  part  which  approaches  the  electro- 
magnet ;  the  other  end  of  the  lever  works  between  the  points  of  the  two  screws 
f  and  g* :  fj^iM  insulated  and  supported  by  the  hollow  pillar  o' ;  /'  is  connected  to  a 
rod  of  metal  inside  this  pillar,  and  insuUted  from  it.  A  spiral  spring,  r',  is  adjusted 
so  as  to  draw  d'  away  from  f  when  in  a  state  of  repose,  and  /'  is  so  adjusted  that 
when  the  armature  a'  is  attracted  by  the  electro-magnet,  they  cannot  Umek  one  another, 
being  prevented  by  the  contact  between  /'  and  d'  ;  n'  is  in  connection  with  the  sine  of 
the  local  battery  through  h  and  s  ;  /^  is  in  connection,  through  r'  and  e,  with  one  end 
of  the  coil  of  the  electro-magnet  i,  which  works  the  apparatus.  The  copper  pole  of 
the  local  battery  is  in  connection  with  the  other  end  of  the  coil  of  b  through  c  and  d. 

The  current  from  the  distant  station  arrives  at  l,  passes  to  e',  and  through  the  cotls 
of  the  relay  magnet  to  d%  and  so  to  the  earth  through  t  ;  t!  becomes  magneUc,  attracts 
a',  and  makes  a  contact  between  J>'  and  /',  thus  completing  the  circuit  of  the  local 
battery  through  the  electro-magnet  e.  The  electro-magnet,  b,  hasau  armature,  a,  whidi 
is  attached  to  a  lever,  n,  adjusted  in  the  same  manner  as  n',  by  two  screws,  /  and  ^, 
insulated  from  one  another,  and  a  spiral  spring,  r ;  the  other  extremity  of  d  carries  a 
screw-point,  v,  placed  opposite  to  a  groove  in  the  barrel,  6,  and  adjusted  so  as  to  be 
in  contact  with  it  when  b  attracts  a.  A  ribbon  of  paper  about  half  an  inch  wide  is 
coiled  on  the  drum  b,  passed  through  the  guide  m,  under  the  spindle  o,  and  between 
the  two  rollers  6  and  a,  which  grip  the  paper  between  them  and  draw  it  through  at  an 
uniform  rate,  as  a  rotates  by  the  action  of  clockwork  inside  the  metal  case  B.  The 
clockwork  is  set  in  motion  or  stopped  by  moving  the  lever  k  to  the  right  or  left. 

To  receive  a  message,  the  clockwork  is  set  in  motion,  and,  as  each  pulsation  of 
electricity  which  arrives  from  the  distant  station  communicates  magnetism  to  b  throQgh 
the  means  of  the  relay  and  local  battery,  it  attracts  a  with  considerable  force,  and 
presses  the  point  of  v  into  contact  with  the  paper  ribbon  as  it  is  drawn  through  the 
rollers,  and  according  as  the  duration  of  the  current  of  electricity  is  longer  or  shorter, 
a  longer  or  shorter  mark  is  embossed  on  the  paper.  The  moment  the  current  ceases, 
the  spring  r  draws  the  point  away  again  from  the  paper.  By  the  combination  of  ddtf 
daaheit  and  spaces  thus  produced,  the  letters  of  the  alphabet  are  represented,  and 
words  can  be  transmitted  at  an  average  of  20  in  a  minute. 

A  galvanometer  is  generally  attached  to  a  Morse  instrument  to  indicate  the  passage 
of  a  current  of  electricity.  In  the  embossing  instrument  it  is  not  absolutely  necessary, 
because  the  attraction  of  the  armature  by  the  local  battery  cuirent  makes  a  consider- 
able noise ;  but  if  not  carefully  adjusted,  the  armature  sometimes  adheres  to  the 
magnet,  and  in  this  case  no  signal  would  be  given,  and  the  galvanometer  would  prove 
of  value  :  it  is,  therefore^  generally  used. 
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Instead  of  embossing  the  signals  oil  the  ribbon  of  paper  by  mechanioal  pressure, 
Mr.  Bain  adopted  the  method  of  satorating  the  paper  in  a  eolation  of  proasiato  of 
potash,  and  passing  it  orer  a  brass  wheel  in  connection  with  the  positire  pole  of  the 
local  battery,  the  negative  pole  of  the  battery  being  connected  with  an  iron  point, 
which  is  kept  in  contact  with  the  paper  by  a  spring.  A  chemical  decomposition  is 
thus  produced  by  every  current  which  passes,  resulting  in  the  formation  of  ferro- 
cyanide  of  potassium,  or  Prussian  blue,  in  which  colour  the  signals  are  printed.  An 
acid  solution  was  used  at  first,  but  it  has  been  found  better  to  employ  an  alkaUne 
solution  of  the  salt,  vis. : — 

As  used  in  Franco  : — 

Water 100  parts. 

Nitrate  of  ammonia 150    ,, 

Prussiate  of  potash ^    >> 

Or,  in  England : — 

A  saturated  solution  of  nitrate  of  ammonia  in  water      .        .     1  part. 
IHtto  prussiate  of  potash      .        .        .    .     1    ,, 

Water 2  parts. 

Liquor  anunonia  sufficient  to  make  the  solution  decidedly  alkaline. 

The  paper  presenres  ito  moisture  better  when  the  alkaline  solution  is  used ;  it  is  also 
cleaner  and  the  marks  do  not  fade. 

When  stations  are  near  together,  and  local  batteries  can  be  dispensed  with,  signals 
can  be  transmitted  more  rapidly  by  means  of  Bain's  instrument  than  by  the  ordinary 
Horse  instrument,  because  there  are  no  levers  to  be  set  in  motion  ;  but  a  powerful 
current  of  electricity  is  necessary  to  OTeroome  the  resistance  of  the  damp  paper  and  to 
effect  the  decomposition  of  the  salt ;  hence  local  batteries  are  generally  necessary, 
having  from  12  to  18  cells  arranged  for  tension.  Bain's  modification  of  the  Morse 
instrument  has  been  extensively  used  in  England ;  but  it  has  been  found  to  be 
more  troublesome  and  expensive  than  the  ordinary  Morse,  and  is  being  gradually 
given  op.  In  Bain*s  original  telegraph  the  transmission  was  effected  automatically. 
Holes  to  represent  the  dote  and  dashes  were  punched  by  hand  in  a  strip  of  paper,  which 
was  passed  over  a  metal  roller,  and  a  brass  wire  pressing  on  the  paper  came  into  con- 
tact with  the  roller  for  a  longer  or  shorter  time  as  the  punched  holes  representing 
dote  or  dashes  passed  underneath  it.  The  wire  was  connected  with  a  voltaic  battery, 
and  the  wheel  with  the  line  wire,  and  thus  at  every  contact  a  current  was  transmitted 
on  the  line. 

The  receiving  apparatus  was  the  same  as  above  described.  This  method  of  trans* 
mission  has  been  tried  with  various  modifications  at  different  times  ;  but  no  automatic 
system  has  been  found  saUsfiictory.  The  frequent  slight  perturbations  which  occur  in 
the  system  of  conductors,  sources  of  electricity,  and  instruments,  can  only  be  success- 
fully overcome  by  the  manipulation  of  an  intelligent  telegraph  clerk  ;  and  no  system 
of  telegraphy  which  has  been  based  on  the  purely  mechanical  transmission  of  a  dispatch 
has  been  found  successful  hitherto. 

The  most  valuable  improvement  on  the  Morse  instrument  is  that  patented  in  France 
by  MM.  Digney  Frdres,  and  in  England  by  Messrs.  Siemens  and  Halske. 

The  general  arrangemente  of  this  instrument  are  the  same  as  those  shown  in  fig. 
41 ;  but  the  signals,  instead  of  being  embossed  on  the  paper  by  simple  pressure,  are 
printed  in  ordinary  printer's  ink. 

The  mechanism  by  means  of  which  this  is  effected  is  shown  in  fig.  42,  which  repre- 
sents the  recording  part  of  the  instrument,  the  remainder  being  identical  with  fig.  41. 
f»  is  a  small  wheel  about  the  sise  of  a  fourpenny  piece,  which  revolves  on  ite  axis  at 
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an  uDifbrm  nt«  bj  the  &ctian  of  the  tame  dockwark  which  nmrinda  Ihs  rilibcn  of 
pip«i.  1  iaan  ink-roller,  by  meaoB  of  which  thsedge  of  n  il  kept  coostutlj  aappUed 
with  ink.  Tha  pen  leTrr,  L,  ia  made  very  light,  and  carrin  at  iti  eitramity  k  amall 
proJectioD,  p,  on  which  the  paper  ia  aapported  as  it  ia  wound  off  the  reel.  The  height 
of  p  ia  10  regalated  b;  the  B<ljuating  aerew  o,  that  the  paper  pMMi  juat  below  •• 
vittauDt  toaehing  it. 

Viben  a  current  of  eleetriott7  eircnlatei  tbroagh  the  eleotro-magnet  it  attrada  the 

armatim,  moiea  the  lever  l,  and  raLua  the  ribbon  of  paper  which  rati  on  p,  until 

Fif .  a. 


il  toDcbea  the  edge  of  n,  wLtn  either  a  dut  or  a  diitJi  is  piinted  accurdiog  to  the 
^oration  of  the  enrrenl.  It  will  be  obaerTed,  that  the  amonnt  of  work  to  be  done  Itj 
the  etectro-magDet  in  thii  amngement  ii  verj  small ;  it  odI;  haa  to  lift  an  inch  or 
two  in  length  of  the  ribbon  of  paper  through  a  diatanee  at  Baj  ^th  of  an  inch.  No 
mechanical  preunre  need  he  eietted,  it  ia  snfficieat  if  the  paper  touchea  the  ink  on 
the  edge  of  the  wheel  n.  Heaee  the  current  arriTing  bj  the  line  wire  from  a  distant 
Ktation  has  alwaji  anflicicDt  force  to  work  this  appamtae,  without  the  inlerrenUoD  of 
the  relaj  and  the  toeiil  hatter;,  which  can  be  eotireljr  dispensed  with. 

The  ink  printing  inslranieDt  has  been  adopted  in  Finnce,  after  the  erperience  of 
two  ;can  ;  but  trade  intereeta  have  hitherto  limited  ita  me  to  a  few  of  the  amaller 
telegraph  companiea  in  England. 

In  Anstratia,  the  Morae  iDitrument  haa  been  adopted  for  all  the  goremmeat  lines 
oftelcgnph;  maKnctic  instminents  are  used  in  comliination  with  relays  and  local 
balteriea.  The  eltctro  motor  is  the  eame  ia  form  as  the  single  needle  iuitrament, 
Cg.  3l!,  except  that  the  needle  i*  Buppreasei],  the  curreut  generated  by  the  magnets 
being  transmitted  directly  on  the  line  ;  it  works  a  relay  on  the  Mme  principle  aa  the 
needle  at  the  dutaut  atation,  eetting  in  action  the  local  battery  which  reoordi  the 
aigoals  by  meani  of  an  instrnment  similar  to  fig.  41. 

The  manipulation  of  this  instmment  is  not  ao  easy  as  that  of  the  ordinary  Horso  ; 
greater  mechanical  force  being  required  to  more  the  lever  ;  but  in  practice  thii  ii  eaid 
to  Le  no  real  impediment.     The  question  of  inaolation  has  already  been  alluded  to. 

A  Rimple  and  ineipensite  ayatem  of  working  aeverul  llorae  inatniDienta  in  circuit  is 
used  on  some  of  the  ehorter  English  lines.  Ouly  ooe  battery  is  employed,  and  t 
enrreut  is  sent  cjoataiitl;  ontlieliDe,  paasing  thiongh  galvanometers  at  all  thealationi, 
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•nd  to  Mtih  at  the  terminal  ilation.  The  gKlnaomsten  an  all  deflectnl  In  tha 
■ame  dinoUoD.  When  any  itatian  viihea  to  commankate,  the  operator  breaki  the 
dreait,  and  all  the  falTanonioun  retnni  to  uro  ;  be  then,  b;  making  and  breaking 
contact  bj  meaoi  of  the  ordinniy  kej,  can  tntoamit  a  message  irhich  ii  recorded  at 
etch  of  the  atatiDDB,  A  simUar  system  is  nniTersally  adopte'l  in  Aoierica,  even  on 
tlieir  longest  lines.  J/ain  batteries  are  praridel  at  iotcrvals  of  from  200  to  300 
miles  along  the  line,  whiob  are  set  ia  octian  by  rel;>y  magnets,  by  tbe  carrent  airiTing 
from  a  distant  alatiDD.  All  tbe  iatcrmediato  ttatioos  are  provided  only  with  relay 
magnets,  local  batteries,  and  trail  am  itting  keys.  The  cnrrcnt  being  continnally  sent 
on  the  line,  any  operator  can  break  it  by  depressioj;  his  kry,  *lieii  all  the  relay 
magtwte  ace  afleeted  along  the  whole  line,  the  local  batteries  set  in  aelion,  and  a  aignal 
tranamitteil.  IThU  action,  it  will  be  obserTed,  ia  the  reTerse  of  that  nanaltj  adojited  En 
Snrope,  and  it  baa  undoubted  adTantagea,  reqniring  fewer  batteries;  and  if  the 
Daniel  battaty  be  need,  the  expenditure  of  lino  ii  nearly  oompensated  for  by  the 
Btoaller  quantity  of  copper  redneed  upon  it. 

In  Amerioa,  the  reconling  apparatus  has  been  Tery  genenlly  diapeuied  with,  Md 
meaiagea  are  received  bf  touiid;  the  relay  being  emfdoyed  to  work  a  tnmiier,  m 
ananged  oi  to  make  a  distinct  rapping  noiee^  wbioh  can  be  tranelated  by  an  expert 
opsntor  with  perfect  ease.    One  of  these  sondirt  is  shown  in  f  g.  48.    The  armatar* 


Fl(.  IS. 


in  attracted  to  the  cieelro-magnet  when  the  local  battery  is  set  in  acUon,  and  (trikes 
forcibly  against  t ;  when  tbo  carrent  ceises,  the  balaoce-spriog  brings  the  lexer  back 
to  its  stats  of  rest,  and  a  feebler  sound  is  produced  by  the  contact  at  r'.  The  inltrcalt 
between  the  long  sound  and  the  slight  tick  of  tbe  return  sousd  repietent  tbe  dot  or 
the  daik,  and  the  interroli  between  the  occnrrences  of  these  two  complementary 
sonnda  represent  tbe  spaces. 

In  Europe  it  is  considered  to  be  of  great  importance  that  tbe  mcsatges  sent  should 
be  directly  reconled  by  tbe  iostrameut,  both  as  a  check  upon  the  oiterators,  and  as  an 
additional  security  in  the  tiansmiesLon  of  meseages  correctly,  and  the  recording 
apparatus  is  still  retained. 

The  power  of  receiriog  measage*  correctly  and  quickly  by  sound,  is  said  to  be  Con- 
fined to  a  comparatirely  small  number  of  persons,  and  that  many  wbo  can  recelTe 
well  by  eye,  are  not  able  to  do  so  by  ear  ;  but  authentic  statistics  an  tbia  point  are 
much  required. 

When  very  distant  points  are  connected  by  electrie  telegraph  wires,  a  system  of 
relays  is  employed,  the  line  being  worked  in  drcnila  of  from  200  to  300  miles.  The 
current,  starUng  from  i,  traTels  to  b,  sets  in  action  another  Tollaic  battery  there  by 
means  of  a  relay,  and  passes  to  the  eartii.  A  freab  current  is  thus  established  at  a, 
wliicb  travala  to  o,  and  there  lose*  itself  in  the  earth  after  setting  in  action  another 
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Toltaic  iMtleij,  and  m  on.  Ths  diitsoM  to  which  tel^nph  eotmnuiiintlai  Mn  be 
carried  in  Uilimumer  »pp«>n  to  b«  without  limit.  WhM  hfona  iiutnmaiti  %re  naed 
(u  ia  tlnxM  inTBriablf  the  cms)  npon  nch  long  lino,  two  iutrnmenCi  «n  genentll; 
placed  at  each  inteimediale  itatios,  k>  arranged  that  each  itaUoa  may  commitnkftte 
iDdependently  with  iU  neighbours  on  botb  Ndea  at  tiie  ume  tims,  or  that  the  whole 
of  the  itatioiia,  or  an;  nainber  of  them,  maj  be  placed  ia  connection  for  through  oor- 
reapondeiiee.  The  connectiani  with  a  double  Uoru  iiutmment  at  an  intenoediate 
■iation  on  a  long  line  arc  nther  iotrieate  ;  tltej  ate  repreaenlcd  in  Eg.  4'(.     s  s'  are 


a  with  the  liae  wire,  t  v',  entariDg  the  itatioo  dd  either 
ride.  Each  commaUtor  hM  thrto  wire*  leading  from  it.  When  the  handiM  an 
placed  at  b  b',  the  cnrreDt  panel  dirtetlj  from  v  to  t'  without  paning  throngh  the 
iiiteTmediat«  Btatioa.  If  the  handlea  are  placed  at  a  a*,  each  initnuneat  at  the  inter- 
mediate itatioQ  can  oomniDDioate  with  the  line  on  its  own  side  onlj,  but  ehonld  it  be 
required  to  commonicate  between  the  terminal  itationi  through  all  the  intermediate 
Mationa,  the  commntaton  are  pla«ed  at  d  d'.  la  thi*  poaitioa  we  will  (nee  a  cDrrut 
coming  from  r.  Ita  cooiM  (indicated  by  the  feathered  arrowe)  ii  &om  d  to  x,  whence 
it  paseei  throngh  the  metallic  frame  of  the  left  hand  recording  inatmment  to  the  pen 
lerer  s,  which,  bring  in  its  normal  ilate  in  eontaet  with  the  npper  icrew  of  the  pillar 
o  (fig.  4 1),  allowi  the  current  to  pan  to  i,  thence  to  0,  the  manipulator  of  the  right 
hand  iDBtrament,  and  >o  through  L  to  i',  the  relay  magnet,  letting  in  action  the  looal 
hattely  a,  which  print*  the  lignal,  while  the  cnrrent  which  we  have  traced  paiKa  Ut 
the  earth  by  l.  But  in  printing  the  signal  in  this  right  hand  inslrumenl,  the  leTer 
n  is  depressed,  and  a  eontaet  is  made  at  a  between  ita  muu  battery  and  tiie  line 
wiie  v',  the  cnrrent  passiog  <Tom  h  to  r  throngh  the  contact  at  o,  through  d,  tlie 
metal  frame  of  the  right  hand  recording  iastramenl  b^  to  ■,  and  au  to  if  and  v'. 

Vheu  two  instruments  are  thns  arranged,  the  eurrenta  wliich  uriTe  fiom  a  distant 
station  psss  to  the  earth,  after  setting  in  action  fresh  cnrrente  generated  in  main  bat- 
teries placed  in  the  ilation.  One  of  the  instraments  acta  merely  aa  a  conductor,  and 
the  other  both  aa  a  recordiog  instrument  and  a  relay.  When  intermediate  itationa 
are  not  considered  of  mch  importance  aa  to  require  two  instruments,  a  double  relay 
magnet  is  freqoeDtly  and  with  mk  bttmaent.     IbeM  ai«  arruged  in  aaeh  a  manner 
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thttt  ■  mimit  airtnng  from  ritha  dde  aompletai  tha  dranit  et  th«  toeil  batt«rj,  and 
woAa  the  regiiteT  ;  while,  bj  m«uu  of  a  ramnatetor,  Um  elerk  Bt  Ihe  itntioa  can  isnd 
b  mmage  in  either  direetioD,  or  allow  the  eomnt  to  pan  on  to  the  next  itation. 

In  the  ordinarr  relaj  magnet  (he  arroaton  i«  iliavn  awaj  tram  the  eteclro-magiiet 
bj  a  email  ifinl  epiing,  whoK  tenaioD  moat  he  oonatantt;  ra-adjiuted  aceording  to 
the  TartatioBi  in  the  po««r  of  the  earrenl,  the  Tanoua  diatnrbing  inflnenoM  acting 
npDD  the  line  wire,  aod  the  amoant  of  reudoal  magnetiam  left  in  the  oore  of  the 
electro-magneton  the oeaaation  of theonrreat,  and  whiolh t«iMii(oietwatheana«ttu«. 
MorcoTer,  (be  fbna  of  thia  apring  alwaya  acta  againat  the  attraction  of  ths  eleetro- 
magnet,  and  requires  a  certain  elaotriol  fbroe  to  OTenona  it. 

Theaa  diaadTantage*  bare  been  oreroooM  }>j  mdog  nTWM  anrmnta^  inatead  of  a  ang- 
oeadon  of  mmnta  in  ons  direotion  only.  Uanj  diSiuent  relaja  Iuts  been  oonatmoted 
on  thia  prinoipla,  bn(  tvo  on);  will  be  deaeribed.  The;  all  depend  upon  (Ite  emploj- 
ment  of  permaoent  niagnett,  instead  of,  or  in  oombination  with,  aofl  iron  armatona, 
ao  aa  (0  bring  into  play  the  attraoCion  and  repalaion  of  oppoeite  or  aiiniUr  tnagoelio 

Varle^'a  relaj.  aa  used  bj  the  Electric  and  Intemational  Telegraph  Companjr,  eon- 
■iata  of  an  electro-maguet,  tha  oom  of  which  ia  moTcable,  inalde  iu  faelii  tiie  latter 
being  Gied.  Tha  core  ia  delicately  mannted  on  pivot^  and  ita  eitremities  play  between 
the  polei  of  fixed  permanent  magneta  of  a  horae-shoe  fomi.  The  negatire  oarrent 
magnetiung  the  oore  in  one  direotion  eanaea  it  to  be  attracted  to  one  aids  of  (he  per- 
manent magnet^  and  thna  peHbrma  the  p«i(  of  (he  apring  in  the  ordinary  relay, 
opening  the  local  mronita.  The  rererae  onneDt,  rereraiBg  ita  magnetia  pole^  aaiUM 
it  to  be  attiaoted  in  (he  oppoai(e  dire«ti«>,  and  el««ei  the  local  drcnit. 

Thia  aptem  ia  partisnlarly  adrantageona  In  working  throagh  anbmarina  oablea,  tha 
rerene  cnrrenta  aaaiating  materially  in  OTereomingthe  retarding  inSneuDe  ofinilDodoo, 
The  trananiitting  key  ia  arrauged  by  Mr.  Tartay  so  that  a  momantaiy  oontact  with  (he 
earUi,  at  wi(h  a  weak  battery,  is  made  afler  breaking  the  contact  between  the  line 
wire  of  one  pole  of  the  bett«ry,  and  belbie  making  the  contact  with  the  other  pole, 
thiu  allowing  the  charge  of  the  wire  to  escape  to  earth,  or  be  Bentralised.  Thia 
momentary  contact  with  the  earth  ia  not  need  by  other  telegraph  engipeers. 

Mr.  Siemens  has  a  Tery  delicate  and  ingenians  relay,  which  ia  specially  adapted  fbr 
indnoed  currents  of  electridtf . 

Siemens'  relay  (fig.  45)  :  A  i*  a  atrongly  magnetieed  bar,  hen(  at  right  anglea,  and 
carrying  a  horse-shoe  eleetio-magaet  on  it*  sooth  pole.  Both  of  the  soft  iron  eomiae- 
tiooa,  I  ■',  baTB  therefore  commnnieated  to  tbem 
aoath  polarity.  /  ia  a  light  bar  of  aoft  iron,  more- 
able  on  a  TCrtical  axis,  e,  fined  in  the  north  pole  of 
the  magnet,  and  tarmiaated  by  a  U^t  arm  of  platina, 
d;  fa  conaeqaeDtl;  north  polarity,  and  ia  attracted 
by  both  ■  and  ■'.  /  is  io  nielallio  connection  with 
one  end  of  the  cdl  wire  of  the  relay  magnet,  and 
ita  platina  arm,  A,  is  confined  between  two  e4iur(- 
log  screw  points,  the  one  being  insnlated,  (he  other  ) 
in  conneetion  with  the  local  battery.  When  a  cur- 
rent uf  eleetriidty  traTeraes  the  ooila  of  the  electro- 
mapiet,  it  (ends  to  increaae  the  south  polaHty  of 
■,  while  it  diminishee  the  sonth  poLuity  of  i',  or 

rcTccsea  i(  aooording  to  the  strength  of  ths  eunent.  /  is  no  longer  in  eqailibrio,  and 
mores  to  the  side  on  which  it  is  moat  strongly  attracted,  bnlts  againat  the  aerew  point 
connected  with  (he  local  b*((aTy,  and  pats  I(  in  action.    This  relay  is  daaigaad  (a  be 
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worked  by  induced  electricity,  the  reverse  curreot  reyersing  tbe  poles  of  the  eUetro- 
magnet,  and  bringing  d  back  into  its  original  position.  If  Toltaic  electricity  be  used 
without  reversals,  the  screw  points  are  so  adjusted  that  /  is  always  nearer  to  m'  than 
to  E.  A  positive  current  circulating  through  the  electro-magnet  destroys  the  equili- 
brium, and  draws  /  towards  E.  On  the  cessation  of  the  current,  /  being  neM^r  to 
b'  than  to  b,  and  their  attractions  being  now  equal,  it  is  drawn  back  to  its  position  of 
repose. 

In  this  relay  the  use  of  the  adjusting  spring  is  avoided,  bat  the  full  value  of  the 
suppression  of  this  atljustment  is  only  obtained  when  reversed  currents  are  employed. 
When  the  signals  are  made  by  simply  making  and  breaking  contact  with  the  bAttery, 
an  opposing  force  is  evidently  necessary  to  bring  the  lever  arm  of  the  relay  back  into 
its  original  position,  and  this  force  roust  be  adjusted  to  balance  the  force  of  magnetism 
produced  by  the  current  coming  from  the  distant  station  and  circulated  through  the 
electro-magnet  of  the  receptor,  which  is  very  variable,  depending  upon  the  state  of 
the  weather  and  the  perfection  of  the  battery,  &c.,  and  necessitating  frequent  deUcate 
adjustments  ;  but  when  reversed  currents  are  used,  the  action  of  one  current  balancing 
that  of  the  other,  no  adjustments  are  necessary. 

The  most  perfect  piloting  telegraph  which  has  been  invented  is  that  of  Professor 
Hughes,  which  prints  the  message  in  Roman  characters  on  a  band  of  paper.  The 
following  brief  description  is  taken  from  the  report  of  Mr.  Latimer  Clark ;  for  fuller 
details,  vide  Prescott's  *  History  of  the  Electric  Telegraph.* 

The  instrument  contains  a  type- wheel  upon  which  are  engraved  the  letters  of  the 
alphabet,  and  which  is  kept  constantly  revolving  at  an  uniform  rate  by  means  of 
clockwork  and  an  escapement  controlled  by  a  8ti£f  spring  which  vibrates  3000  times  in 
a  second.     The  efficiency  of  the  telegraph  depends  upon  the  synchronous  motion  of  the 
type- wheels  at  the  distant  stations,  and  Professor  Hughes  has  found  the  spring  to  be 
the  most  reliable  governor.     On  a  shaft  in  connection  with  the  type-wheel  an  arm  is 
carried,  which  sweeps  round  on  a  horizontal  table  performing  the  same  number  of 
revolutions  as  the  type- wheel  itself.     The  table  has  twenty-eight  small  moveable  pins 
on  its  circumference,  corresponding  with  the  letters  on  the  type-wheel  and  in  connection 
with  keys  like  those  of  a  piano.     When  a  key  is  depressed,  its  corresponding  pin  is 
raised,  and  the  arm  of  the  type-wheel  in  the  course  of  its  rotation  comes  in  contact 
with  it,  and  by  a  peculiar  arrangement  transmits  an  electric  current  along  the  line. 
The  receiving  part  of  the  instrument  is  provided  with  an  electro-magnet,  which,  as 
soon  as  it  is  acted  upon  by  the  curi*ent,  disengages  an  apparatus  connected  with  a 
band  of  paper,  which  it  raises  momentarily  into  contact  with  the  type-wheel,  and  the 
letter  which  happens  to  be  opposite  to  it  at  the  time  is  impressed.     The  paper  is  not 
only  raised  into  contact  with  the  type-wheel,  but  is  for  the  moment  borne  forward  at 
the  same  velocity  as  the  wheel,  and  the  impression,  therefore,  is  very  perfect.     It 
will  be  evident  that  if  the  type- wheels  of  two  instruments  are  adjusted  so  as  to 
revolve  at  the  same  speed,  the  same  letters  will  always  be  passing  the  corresponding 
points  on  the  two  tables  carrying  the  moveable  pins  at  the  same  moment,  and  an 
instantaneous  current  of  electricity  acting  on  both  magnets  at  once  will  print  the  same 
letter  on  both  instruments.     A  peculiar  and  original  form   of  electro-magnet  ia 
employed  in  this  instrument.     The  two  poles  of  a  permanent  horse-shoe  magnet  are 
prolonged  by  cylinders  of  soft  iron  surrounded  by  coils  of  wire,  and  provided  with  an 
armature  of  the  usual  kind.      The  armature  which  lies  in  c<)ntact  with  the  sod 
iron  poles  of  the  magnet  is  held  fast  by  the  attraction  of  the  permanent  magnet ;  but 
this  attraction  is  counteracted  by  an  opposing  spring,  which  is  so  adjusted  as  almost  to 
overcome  the  force  of  the  magnet.     In  this  state  of  things  a  very  feeble  and 
momentary  current  of  electricity  circulating  in  the  coils  of  the  electro-magnet^  and 
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prodadng  opposite  polarities  to  those  pennanently  given  to  the'soft  iron  core  by  contact 
with  the  permanent  magnet,  so  weakens  their  attraotiTe  power  that  the  armatnre 
obeying  the  force  of  the  spring  flies  away,  and  in  so  doing  prints  a  letter ;  the  next  instant 
it  is  again  mechanically  forced  into  contact  with  the  electro-magnet,  and  is  ready  to  be 
released  again  by  a  succeeding  current.  The  action  of  this  electro-magnet  is  very  much 
more  rapid  and  certain  than  that  of  any  other  form  yet  invented,  and  the  instrument 
appears  peculiarly  adapted  to  telegraphing  through  long  cables,  in  which  the  retarda- 
tion  of  the  current  due  to  induction  is  so  formidable  an  enemy  to  rapid  signalling. 

Mr.  Latimer  Clark  says  :  ''By  tbe  ordinary  Morse  system  of  printing,  each  letter 
is  composed  of  three  or  four  distinct  lines  or  dote,  requiring  as  many  complete 
electrical  waves  or  reversals,  with  a  sufficient  duration  of  time  on  some  of  them  to 
distinguish  between  dots  and  dashes,  and  between  the  spaces  which  divide  portions  of 
letters  and  those  which  separate  whole  letters  or  words.  By  Professor  Hughes* 
system  each  complete  letter  is  formed  by  a  single  wave,  or  even  by  a  half  wave  or 
reversal,  and  the  spaces  are  formed  by  the  mechanical  action  of  the  machine  and  occupy 
no  appreciable  time.  The  instrument  has  been  seen  to  work  with  ease  and  accuracy  at 
the  rate  of  sixteen  words  per  minute  through  a  cable  which  would  only  admit  of  six 
words  per  minute  being  sent  by  the  ordinary  apparatus ;  and  through  the  same 
cable  it  has  been  seen  to  work  whole  days  without  printing  a  single  false  letter.^' 

Copying  Telegraphs, — Mr.  Bakewell  was  the  first  who  accomplished  the  feat  of 
constructing  an  electric  telegraph  which  should  reproduce  at  a  distant  station  a 
fac-simile  of  a  message  written  at  the  sending  station.  The  principle  of  his  telegraph 
was  as  follows  :  The  message  was  written  on  a  sheet  of  metal  in  some  non-conducting 
ink,  such  as  red  sealing-wax  varnish.  The  metal  sheet  was  then  put  in  connection 
with  the  line  wire  and  moved  in  a  circular  or  spiral  manner  beneath  a  metal  style 
which  was  connected  with  the  positive  pole  of  a  voltaic  battery,  the  negative  pole 
being  put  in  communication  with  the  earth.  At  the  receiving  station  a  sheet  of 
chemically  prepared  paper  placed  on  another  metal  sheet  was  moved  in  a  similar 
manner  under  an  iron  style  ;  the  style  being  in  connection  with  the  line  wire  and  the 
metal  plate  with  the  earth.  From  this  description  it  will  readily  be  understood  that| 
as  long  as  the  style  at  the  sending  station  was  in  contact  with  the  metal  sheet, 
a  current  of  electricity  would  traverse  the  circuit,  decomposing  the  salt  in  the  paper 
and  producing  a  line  ;  but  when  the  style,  at  the  sending  station  was  passing  over  the 
varnish  no  current  would  circulate,  and  no  mark  would  be  made  at  the  receiving 
station.  A  number  of  parallel  lines  thus  traced  on  the  paper  with  spaces  corresponding 
to  the  varnish  on  the  plate  at  the  sending  station,  would  reproduce  in  white  on  a 
ground  of  blue  lines  whatever  might  have  been  traced  on  the  metal  plate. 

This  system,  although  beautiful  and  ingenious,  has  not  been  found  a  commercial 
success,  and  has  fallen  into  disuse ;  but  it  has  been  resuscitated  with  some  modifica- 
tions by  the  Abb6  Casselli  within  the  last  year.  He  uses  a  relay  and  a  local  battery 
so  arranged  that  when  a  current  is  circulated  from  the  distant  station  the  local  battery 
is  thrown  out  of  circuity  and  when  the  current  ceases  the  local  circuit  is  completed  and 
the  style  marks  the  paper  ;  the  writing  is  thus  reproduced  in  blue  on  a  white  ground. 

The  electric  telegraph  instruments  which  have  been  most  generally  used  have  now 
been  described,  and  it  would  be  out  of  place  to  go  into  further  detail  of  the  various 
instruments  which  have  been  invented  ;  the  works  of  Shaffner,  Prescott,  Gkvarret, 
Gloesner,  and  Blavier,  with  numerous  others,  may  be  consulted  by  those  who  are 
desirous  of  further  information  on  the  subject. 

For  some  years  a  solution  was  sought  for  the  problem  of  communicating  simulta- 
neously in  both  directions  by  the  same  wire.     This  has  been  accomplished  lately  in 
a.  very  ingenious  manner  by  Mr.  Siemens  and  others,  by  means  of  divided  currents 
vol.  m.  Y  T 
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and  carefully  adjusted  reBlstanoes ;  a  description  of  the  exact  manner  in  vhich  it  has 
been  effected  will  be  found  in  the  French  works  above  alluded  to,  but  the  system  has 
not  been  found  to  work  well  in  practice,  because  any  error  committed  cannot  be 
rectified  until  the  whole  message  is  completed,  and  the  adjustments  are  too  delicate  to 
be  preserved  permanently.  The  former  objection  also  applies  to  another  system 
which  has  been  proposed,  namely,  that  of  branch  circuits  instead  of  a  continuous 
circuit.  In  this  system  station  ▲  is  connected  directly  with  b,  and  branch  wires  lead 
off  from  ▲  B,  at  different  distances  from  ▲,  to  o,  p,  e,  terminating  at  each  station  in 
the  earth ;  resistances  are  interposed  at  c,  D,  b,  so  as  to  equalise  the  divided  currents, 
and  a  dispatch  can  be  forwarded  to  all  the  stations  from  any  one  of  them  ;  but  the 
arrangement  requires  careful  adjustments,  and  is  inconvenient  for  communications 
between  intermediate  stations. 

Various  auxiliary  instruments  are  required  in  systems  of  electric  telegraph,  such  as 
galvanometers,  commutators,  alarums,  and  lightning  protectors.  The  two  first  have 
already  been  noticed  ;  it  regains  to  describe  the  others. 

Alarums. — These  are  very  useful  in  particular  cases,  but  are  not  generally 
employed  on  the  English  telegraph  lines,  because  it  has  been  found  that  the  employes 
become  more  careless  when  alarums  are  used  than  when  the  slight  ticking  of  the 
needle  or  the  electro-magnet  is  the  only  sound  emitted  by  the  instrument.  Alarums 
add  also  to  the  expense  of  the  apparatus ;  they  require  more  powerful  currents  of 
electricity  to  work  them  than  are  necessary  for  working  needle  iustruments,  and  they 
are  more  liable  to  get  out  of  order. 

They  may  be  classed  as  alarums  with  clock-work,  and  alarums  which  are  worked 
by  the  direct  action  of  the  electric  current. 

In  the  alarums  with  clockwork,  the  function  of  the  current  of  electricity  is  merely 
to  produce  temporary  magnetism  in  the  soft  iron  core  of  an  electro-magnet,  causing  it 
to  attract  its  armature,  which  is  made  in  the  form  of  a  lever  lightly  pivoted  and 
having  a  small  hook  at  the  extremity  of  the  lever  arm.  This  hook  catches  a  pro- 
jecting point  on  a  wheel  of  the  clock-work,  and  is  held  in  that  position  by  a  light 
spring  when  the  apparatus  is  at  rest ;  when  a  current  passes  the  armature  is  attracted, 
and  the  catch  being  drawn  away  from  the  wheel  the  clock-work  moves  under  the 
influence  of  its  main  spring,  and  a  bell  is  rung,  either  by  the  vibrations  of  an  arm 
connected  with  an  escapement,  or  by  the  rotatory  motion  of  two  arms  attached  to  a 
wheel,  and  having  hammers  hinged  to  their  extremities  which  fly  out  by  centrifugal 
force  and  strike  the  bell,  as  in  Professor  Wheatstone*s  arrangement.  It  will  be 
evident  that  an  alarum  so  constructed  may  be  as  loud  as  we  wish.  The  hammer 
which  strikes  the  bell  being  moved  by  mechanical  po^'er,  but,  on  the  other  hand,  the 
catch  which  retains  the  wheel  and  keeps  it  from  moving,  must  be  carefully  adjusted ;  if 
it  have  too  light  a  hold  a  slight  shake  will  ring  the  alarm,  and  if  it  is  too  stiff  the 
electric  current  will  fail  to  produce  the  required  effect. 

Fig.  46  shows  an  alarum  worked  by  the  direct  action  of  the  voltaic  current.  The 
armature  l  of  the  electro-magnet  is  a  hollow  cylinder  fixed  on  a  steel  spring  n^  and 
furnished  with  a  hammer  v,  which  strikes  the  bell  t.  A  spring  r  communicating 
with  the  earth  by  the  binding  screw  b  tonches  L  when  it  is  in  a  state  of  rest. 

A  current  from  the  line  wire  passes  from  ▲  to  b,  traverses  the  coils  of  the  electro- 
magnet, the  spring  n,  the  armature  l,  the  spring  r,  and  so  to  the  earth ;  but  during  its 
passage,  l  is  attracted  to  the  electro-magnet,  the  contact  with  r  is  broken,  and  the 
current  ceases  ;  l  then  falls  back  into  contact  with  r,  and  the  operation  is  repeated. 
In  this  manner  a  succession  of  blows  aro  struck  on  the  bell  by  the  hammer  m. 

In  order  that  this  alarum  may  work  with  sufficient  force  an  electric  current  of  con- 
siderable quantity  is  required,  and  on  long  lines  a  rolay  magnet  is  employed  in  con- 
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nsoUoQ  with  it.  The  kmuigraiieDt  of  the  relaj  is  aboirD  in  Gg.  47,  which  neetli  bnt 
littla  ezplan&tjon.  The  cnrnDt  urinug  from  the  diitant  itAtioa  puiai  from  i  thrmigh 
the  ooilB  of  tha  el«ctTO-miga«l,  and  so  to  the  eirth  mt  I,  the  armatoce  p  U  attnctad. 


and  the  ctmtact  is  made  which  pata  in  action  the  IochI  b»tterj ;  bat  at  the  lame 
ioitont  (be  bottoa  l  it  releand  and  Btaiis  up  under  the  influence  of  the  apiial  apring, 
>'.  uid  tbni  leaves  a  pernumeiit  record  of  the  bell  hsriiig  been  rung.  This  Bystein  is 
used  when  muij  wires  Itom  distant  stations  arriTe  at  the  same  oSca  ;  each  wire  hai 
its  relaj,  and  there  is  but  nne  alamm-b«ll ;  the  reUfs  ute  all  arranged  in  a  box  haTing 
holes  in  tlie  lid,  correspondiiig  with  the  battoni ;  these  st&rt  np  into  new,  when  a 
currentdrcvlatesthrough  the  electio-magnet  coils,  and  designate  the  particular  statiuiia 
which  wish  to  eommimicat«. 

Lighining  Prottetori, — Wiien  thundentormi  occur  in  the  Ticiaitf  of  sjstoms  of 
telegraph  wires  suspended  in  the  air,  poweiM  cunenls  of  electridtj  Frequently 
traTeiM  the  wires,  and  entering  the  stations  make  great  havock,  if  pi 
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tiVes  to  preKFTB  tbfl  iDitrmncntB  from  iqjar;,  He  eSteti  pndaetd  npon  tba 
b«trnni«nte,  in  sacii  CAMS,  ftre  Tuioiu,  ftceaiding  to  ike  qwttiij  ofelratricdtj-  coBTsyed 
bjthe  wirea  and  ite  degree  of  teiuioii ;  bat  generallj  the  fine  wire  inthegftlTuiometen 
■nd  eleotro-magiietB  is  fosed,  tbe  m&gnetie  needles  »ie  denkgaetiMd  or  bsre  tbeir 
polea  reremd,  ftod  permanent  magnetiam  is  produced  in  the  lofl  iron  eorai  of  the 
■leetra-msgDete.  Mare  vialeiit  effects  are  prodac«d  Id  Bame  Gasea.  When  tinder- 
gronnd  wires  or  BubmariDO  cables  hBie  be«E  connected  with  air  wires,  faalla  have 
frequently  been  produced  hy  the  passage  of  atmospheric  eleetricit;  into  the  inanlited 
canductor,  which  it  has  tmTeraed  ontil  it  luriTcd  at  same  place  where  the  iaiulating 
materia!  was  thin  or  defective.  At  this  point  the  inductiTe  force  has  become  lo  great 
as  to  burst  throngh  the  dielectric  and  desti'oj  the  insulaUoD  of  the  condnctor.  It  ii 
neceasarf,  therefore,  to  adopt  some  means  of  protection  in  theas  caaea,  and  happily 
the  vet;  high  tunaion  of  atmoapheria  elootncitj  enablea  us  to  apply  an  eSective  goanl 
asainat  its  destructive  effects. 

(1)<  If  a  Lejdea  phial  be  diaohargsd  bj  means  of  a  long  and  thin  conducting 
wire,  and  if  neat  the  two  ends  of  the  wire  are  attached  metal  plates  of  conaiderabia 
surface  and  in  close  proximity  to  each  other,  it  is  found  that  at  the  moment  of 
eonnecting  the  ends  of  the  wire  with  the  outer  and  inner  aurfaces  of  the  jar  a 
•pari  paesea  between  the  (wo  plates  and  a  very  minute  portion  of  the  electrio 
charge  ciicalates  through  the  wire.  (S)  If  the  snr&ces  of  the  plates  he  covered 
with  points  they  may  be  placed  at  a  greater  distance  apart,  and  the  same  effe<^ 
will  be  prodnced.  (3)  If  the  discliargiiig  "ire  be  thicker  and  ghorter  than  in  the 
above  case,  and  if  near  one  of  ita  extremities  a  very  thin  piece  of  wire  of  a  metal 
which  is  a  comparatively  bad  conductor  of  electricity  be  introduced  ao  as  to  form  n 
part  of  tbe  circnit,  this  very  thin  wire  will  be  fnaed  by  the  electricity  (if  it  be 
aceumnlated  in  anffident  quantity),  while  the  thicker  wire  will  remun  nniiOored. 
One  of  these  three  &eta,  or  a  combination  of  two  or  of  the  whole  of  them,  formsthe  baaia 
of  all  efficient  Lghtning  protectors,  and  the  first  is  that  which  has  been  foood  ma!!t 
slvnntngeons.     Fig.  IS  shows  a  ligbtniog  proteetot  on  this  prindple,  mnch  used  in 


Flif.  IS. 


America,  the  two  bn»a  plates  are  about  3}  inches  dlamelor  and  ,;,  inch  thick  ;  they 
are  insulated  from  one  another  by  etripa  of  dry  paper  or  thin  sheet  gntta-percha. 
Tbe  upper  plate  is  in  oocnection  with  the  line  wire  and  tbe  initmmeDt  by  meona  of 
tbetWQ  terminals,  a.}.  The  lower  plate  vith  tbe  earth.  Lightning  entering  the  station 
by  the  line  wire  leaps  to  the  lower  plate  and  posses  to  the  earth,  and  the  inatramenta 
are  in  safety.  Fig.  46  shows  snother  form  at  the  same  clan  of  protector  intended  for 
on  intermediate  station,  and  which  oda  also  a*  a  oommatator.  By  mewis  of  the 
metal  ping  i;,  and  the  holes  1,  2,  4,  the  line  wire  on  either,  or  both,  sidsi  of  tl>e 
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•tation  Oftn  be  put  in  eoQaMtion  viUi  the  earth,  or  s  UiroDgli  pa«*ge  can  be  apeccd 
to  the  current  without  its  inflneneing  the  ioBtrumeDt  >t  the  itation  by  placiDg  the  plug 
*t  3.  This  nill  b«  endeDt  &om  the  figure,  the  plate  l  q  f  being  in 
the  liae  wire  enltring  one  side  of  the  etaUon  ttnd  one  tenniDsl  of 
the  inatrnmeat,  and  l'  v  F*  being  Mnnected  with  the  other  side  of 
the  ioetnimoat  and  the  other  Lnewire.  r  fi  P  is  ineiilated  from 
these  platea  bjr  a  atrip  of  paper,  and  i«  in  coDoectioa  with  the  earth ; 
IT  ia  alio  eonaeeted  with  the  earth,  , 

Fig.  60  ahowi  a  farm  bf  tightning  guard  in  vhich  the  2nd 
and  3rd  of  the  facta  alluded  ta  are  made  nee  of.  It  i*  the 
inTention  of  Mr.  W;Ulcer,  tlie  anperintendent  of  the  telegraphs  of 
the  South-Eaitem  Bailwaj  Companj,  and  has  been  sncceuFnll; 
used  on  their  lines  far  lame  jeoia.  The  line  wire  is  attached  at  c, 
the  initmment  at  d,  and  there  is  a  complete  metallie  consectian 
between  these  points  by  the  screw  e  and  the  rerj  fine  wire  wound 
,  on  jr.  A  is  a  cjlinder  of  bniBB,  inenlited  from  the  line  wire  bj 
box-wood,  and  in  commoiucatioQ  with  the  earth  at  ■■  The  metal 
points  at  /,  X,  y  allow  the  atmcapheria  electricity  to  escape  to' the  outer  cylinde;  rnd 
BO  to  the  earth;  while  the  rery  fine  wire  on  i/  must  be  fused  before  the  coarser 
wire  in  the  initrament  colli  can  tuBer. 

APPENDIX, 

EUdn-MagtieU. — The  laws  which  gorsm  the  forces  of  elactro-magnetB  hare  been 
luTestigated  by  Hesan.  Lens  and  Jaeobi,  and  also  bj  Mr.  Miiller  :— 
If  v  denotea  the  magnetic  force  of  the  electro- magnet. 
«  the  number  of  conrolaUons  of  wire. 
d  the  diameter  of  the  soft  iron  core. 
Q  the  quantity  of  electricity  in  circniatiun. 
and  c  a  constant  multiplier. 

^  =  c»'i-Jd 
This  law  only  holds  good  fur  bars  of  iron,  whose  length  ie  conuderabljr  greater  ^lan 
their  diameter,  for  feeble  currents  of  electricity,  and  nndcr  the  supposiUon  that  the 
number  of  couvolntiona  of  wire  is  Dotso  great  as  materially  to  diminish  the  inSnenM 
exeidsed  by  the  outer  coils  upon  the  bar  of  iron.  These  conditions  are  fulfilled  in 
the  electro- magaets  nsnslly  employed  for  tel^raphic  purposes. 

It  will  be  noticed  in  the  aboTc  formnla  (bat  ■  increases  directly  a*  q  and  as  n  ;  but 
a  decreases  as  n  increases,  supposing  the  electro-motive  force  to  remun  constaut- 
llence  it  is  erident  that  a  certun  proportion  between  tbe  resistance  of  tlie  wire  and 
that  of  the  remaining  portions  of  the  circuit  must  be  preserved  to  obtain  the  m 
magnetic  force. 

This  relation  has  been  fonnd  to  be  the  following,  vis. ;— "  When  the  « 
the  coils  of  the  electro -magnet  isequal  to  the  resistance  of  the  rest  of  the  circuit,  i.t., 
the  coodaeUng  wire  and  the  battery,  tbe  magnetic  force  is  a  maumnm." 

The  mathematical  inrcstigation  of  these  laws  may  be  found  in  QaTarret's 
'  T^l^rapbie  Eleotriqus. ' 

In  practice  it  is  usual  to  give  the  coils  of  the  electro-msgnets  influenced  by  (he 
currents  of  the  main  lines  a  resistance  of  about  120  miles,  using  No.  36  oopper-wira  ; 
for  the  electro -magnets  set  in  action  by  looal  batteries  a  thicker  wire  is  used,  giving 
a  resistance  of  from  2  to  4  mites ;  but  (be  thickness  of  tbe  wire  and  tbe  number  of 
conTolutions  should  be  made  in  special  cases  according  to  (he  abore  laws. 

It  it  Tery  Important  that  the  best  wrooght-iion  shonld  be  used  in  the  oorta  of 
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electro- magaeta,  otherwise  >  considerable  amonnt  of  magnetic  force  remusB  kfter  the 
aDrrent  oessei.  This  residual  magnetism  can  eelilom  lie  entire];  deetrojed,  bnt  the 
more  pnre  &nd  perfectly  decarbaoised  the  iron  the  less  is  it  perceptible.  To  goard 
against  this  eril,  it  in  necessary  that  the  armatorea  of  electro- magnets  shoold  be  Terj 
carofnll;  adjusted  so  as  not  la  (ouch  the  poles  of  the  soft  iron  cores,  and  thU  more 
especiallj  vhea  the  annatares  are  of  magneUsed  steel,  AS  is  often  the  ca*e.  A  thin 
piece  of  paper  is  aometJines  inserted  between  the  poles  of  the  electro-magnet  and  ita 
armature,  or  insulated  stops  are  fixed  in  the  &ce  of  the  magnet  to  prereat  contact. 

Tht  Sint  QaiBaHOBKltr  U  used  for  the  measurement  of  weak  current*  of  electririly. 
A  eoDTcnient  form,  used  in  connection  with  telegraphs  in  France,  is  shown  in  fig.  61, 
taken  from  OaTomt's  treatise  on  the  Blectrio  Telegraph. 

Fig.  51, 


The  magnetised  needle  is  balanced  horizuntallj  on  a  ateel  point,  and  !i 
the  centre  of  a  coil  of  insnlated  wire.  The  coil  is  Gied  to  a  boriiontol  disc,  which  baa 
a  morement  of  rotation  on  an  axis  inaida  a  graduated  circle,  an  index  t,  fiied  to  the 
disc  Hhows  the  nomber  of  degrees  it  has  DioTcd  with  reference  to  the  outer  circle. 

The  ends  of  the  colli  are  soldered  to  two  binding  screws  p  p  on  the  onler  frame, 
sufficient  slack  being  left  to  allow  of  free  motion  of  the  disc  and  coils  bj  means  of  a 
handle  o.  To  use  the  instrument  it  ia  placed  so  that  when  the  index  is  at  sero,  the 
magnetised  needle  is  eiacll;  parallel  with  the  coil  and  in  the  msgnelic  meridian,  tlte 
parallelism  of  the  needle  and  coll  is  ascertained  b;  Iheeorret^iondencoof  a  light  index 
band  a  Aitened  to  the  needle,  and  at  right  angles  to  it,  with  a  line  /  j  two  stoda 
placed  on  either  aide  of/confine  the  oscilhtiona  of  the  needle  within  narrow  limits. 

The  current  whose  force  is  to  be  estimated  ia  circulated  through  the  coits  by  means 
of  the  binding  screws.  The  needle  is  immediately  dtdccted,  and  the  index  abate 
against  one  of  (be  two  studs  at  /, 

The  coil  is  now  mored  roond  to  follov  the  needle,  and  this  motion  is  continued 
until  the  (wo  forces  of  terrestrial  magnetism  and  the  ToUaic  current  exactly  balance 
one  another  while  the  needle  is  parallel  to  the  coil,  and  the  direotire  force  of  the 
voltaic  cntreDt  ii  therefore  acting  nt  right  angles  to  it.  In  this  position  the  foreea 
which  hold  the  needle  in  equilibrium  are  represented  in  the  subjoined  diagram. 
Fig.  !a.  AwU  the  Duedle. 

■>' .•'  X,  its  centre  of  motion. 

\         /^  lifH,  IXllt. 

o-/^.  .     \.\r  OH  =  PF,tfaeforceofteneatrialmagnetism(=i|i). 

'^  y'i.  ^  OP  =  f  M,  the  force  of  the  Toltaic  curren({=ii). 

y^  a,  the  angle  of  deflection. 

"^  From  inspection  it  will  be  seen  that  4=11  un  b, 

and  this  will  be  true  fur  any  augle  of  deflection  in  the  qnndrantj  and  any  fbree  of 
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Fig.  53. 


electricity  which  is  not  so  powerfnl  as  to  deflect  the  needle  fully  to  90"^ ;  m  being 
constant  and  a  being  known,  we  haye  the  means  of  comparing  the  forces  of  different 
currents  when  circnlated  through  the  coil  of  this  galvanometer.     Thus — 

Qr=x  sin  a 
q'=x  sin  a! 
Q  :  q'  :  :  sin  a  :  sin  a' 
For  the  measurement  of  more  powerful  currents,  an  arrangement  called  the  Tctngent 
Galvanometer  is  used.     The  principle  of  this  instrument  is,  that  if  a  very  short 
magnetised  needle  be  acted  upon  by  a  current  circulated  through  a  broad  band  of 
metal  at  some  distance  from  it,  it  may  be  considered  to  be  fully  under  the  influence 
of  the  current  at  whatever  angle  it  may  be 
placed.    The  relation  between  the  force  of  the 
current  and  the   angle  of  deflection  may  be 
seen  in  the  diagram,  in  which  the  letter^  are 
the  same  as  before,  but  the  force  of  the  voltaic 
current  acts  at  right  angles  to  the  magnetic  3 
meridian  instead  of  at  right  angles  to  the  needle. 
0  X = force  of  terrestrial  magnetiBm( = x). 
0  p = force  of  voltaic  current( = q). 
by  inspection  x  f=ox  tang  a 
or  Qsx  tang  a 
The  instrument  is  placed  so  that  the  hoop  is  exactly  in  the  magnetic  meridian,  and 
the  current  to  be  circulated  through  the  hoop  or  band  of  metal. 

The  ordinary  form  of  this  instrument  is  shewn  in  fig.  54.     A  better  form  is  shewn 
in  fig.  55. 

Fig.  64.  Fig.  65. 


M.  Qangain  having  discovered  that  when  the  needle  is  placed  at  the  apex  of  an 
imaginary  right  cone,  of  which  the  circular  conductor  forms  the  base,  and  of  which  the 
perpendicular  equals  half  the  base,  the  voltaic  forces  are  correctly  proportional  to  the 
tangents  of  the  angles  of  deflection. 

Brrors  of  construction  are  eliminated,  and  the  force  increased  by  placing  a  second 
circle  symmetrically  on  the  opposite  side  of  the  needle.  And  for  the  measurement  of 
feeble  currents  a  truncated  cone  of  metal  or  wood,  wound  with  fine  insulated  wire,  may 
be  advantageously  substituted  for  the  simple  hoop  of  metal. 

MUnei'i  Electrometer.  (From  description  in  Report  of  Mr.  Latimer  Clark.) — 
^'This  instrument  is  the  invention  of  Dr.  Thomas  Milner,  of  Maidstone,  and  was  in 
all  its  essential  parts  described  and  figured  by  him  in  1788,  in  a  very  talented  little 
work,  entitled,  'Bxperiments  and  Observations  in  Electricity,*  by  Thomas  MUner,  and 
published  in  London  at  that  date.  It  is  essentially  the  same  in  principle  as  PeItier*B 
Electrometer,  and  may  possibly  be  the  parent  of  this  latter  very  elegant  instrument, 
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which  was  fint  exhibited  ia  Eogland  by  Professor  Wheatsione,  in  1834.  Fignrd  66 
shows  Milner^s  Electrometer,  as  now  constructed,  and  will  enable  the  reader 
to  nnderstand  the  iostroment  at  a  glance.  A  bran  stem  rises  from  the  centre 
of  the  wooden  base,  and  is  insulated  from  it  by  being  screwed  into  a  fra^mefii  of 
Tolcanite,  and  surrounded  by  shellac  poured  in  in  a  melted  state.  The  insoUted 
stem  carries  two  brass  arms,  terminating  in  small  knobs,  and  a  little  higher  up  it 
opens  out  Into  a  loop  or  ring,  through  which  passes  an  extremely  light  alnminiam  or 
other  metal  needle,  supported  by  a  light  cap,  which  rests  on  a  fine  steel  point ;  a 
short  bar  of  magnetised  steel  is  also  attached  to  the  needle,  and  tends  to  bring  it  to 

rest  in  a  fixed  position,  with  respect  to 
the  magnetic  meridian.  At  some  distance 
beneath  the  needle  is  a  graduated  drde, 
which  is  not  insulated,  and  also  a  dreolar 
plate  of  looking-glass  (marked  a  a  in  the 
figure)  surrounding  the  stem.  In  reading 
the  deflections,  the  eye  is  placed  in  such  a 
position,  that  the  needle  ooyers  its  own  image 
in  the  looking-glass,  so  as  to  ayoid  paraUax. 
A  glass  shade  ooYers  the  whole  and  is  per- 
forated at  the  top  to  allow  the  insulated 
stem  to   pass  through  without  touching  it. 

"  When  in  use,  the  needle  is  allowed  to 
come  to  rest,   and  the  instrument  is  so 
adjusted,   that  the    two    brass   arms   lie 
parallel  to  it,  and  nearly  touching  it,  the 
two  halves  of  the  needle  being  so  bent  out 
in  a  rertical  plane,  as  to  allow  this.     The 
upright  stem  is  then  charged  by  contact 
with  the  pole  of  a  battery,  or  any  other 
source  of  electricity,  and  immediately  the 
repulsive  action  causes  the  needle  to  diverge 
to  an  angle  dependent  on  the  strength  of 
the  charge,  or  degree  of  tension.     It  is  a 
matter  of  indifference  whether  the  stem  be  electrified,  and  the  base  connected  to  earth, 
or  vice  versft,  the  deflection  is  in  either  case  the  same.     When  delicately  made,  10  or 
20  ceUs  will  readily  cause  a  sensible  deflection,  and  by  the  use  of  the  condenser  even 
one  cell  will  do  so,  and  so  it  is,  in  fact,  as  sensitive  as  the  gold  leaf  electrometer.     In 
practice  it  is  better  to  use  from  100  to  400  cells.     In  the  experiments  made  by  me, 
the  deflection  caused  by  250  cells  was  noted ;  the  cable  under  examination  was  then 
connected  with  the  insulated  stem,  and  charged  with  500  cells,  and  the  time  was 
observed  which  elapsed  while  the  instrument  was  falling  to  the  point  indicated  by 
250  cells,  that  is,  to  half  its  initial  tension ;  in  well  conducted  experiments,   the 
result  is  remarkably  uniform.* 

<*Tbe  time  occupied  by  a  charged  cable  in  falling  to  half  its  original  tension  is 
theoretically  constant,  whatever  be  the  number  of  cells  employed,  for  although  the 
electricity  escapes  fiister  with  the  higher  tension,  the  quantity  which  has  to  escape  is 
greater,  and  that  in  the  same  proportion ;  a  well-made  submarine  cable  in  the  pre- 
sent day  will  retain  half  its  origbal  tension  at  the  end  of  30  or  40  seconds. 

''This  system  has  several  important  advantages,  it  is  quite  independent  of  the 


*  This  method  watt  UHcd  bocaiuc  tbo  tcnfliona  nro  not  correctly  proportional  to  the  defloctions 
beyond  30'.— H.  8. 
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length  oC  e»ble  noder  trUl,  uid  giTM  tli«  mom  remit  iritli  100  milea  of  vir^  u  vith 
100  inebia.  It  u  klM  &m  from  dl  errors  kriiing  from  instramNital  nriation,  tha 
dBfleotian  doe  (o  the  whale  tentian  sod  the  half  teniion  being  recorded  t&ealt  etch 
d>r  by  Mtiwl  trud.  It  U  a  Tcrj  portable  initnimeat,  and  reqnlna  no  lUndard  of 
eompaiiaon ;  all  inatrnmeDt^  b;  vbomaoeter  conatrDctcd,  gire  dinetl;  roaiparabla 
reanll*.  Laally ,  it  ii  capable  of  meainriag  with  ficilitj  a  minute  escape  of  electrioily 
in  very  perfect  non-eaDdDCtora,  which  would  be  quite  inippredable  to  the  galrauo- 
neter.  In  rer;  delicate  experineuta,  it  is  nrceasarj  to  drj  the  interior  of  the  inatm- 
moit  bj  warmth,  and  b;  the  nae  of  iniall  cape  of  chloride  of  caJdnm." 


Whtat$loiu?*  Paraaaograia  {or  "  Sridg^'). 


Thia  beautiful  inatrument,  the  lurenUon  of  Profeaaor  Wheatatone,  aSbrda  a  read; 
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means  of  determiniDg  yrith.  the  greatest  aocnracy  the  electrical  resistance  of  any 
particular  condnctori  as  compared  with  a  given  standard,  and  is  most  usefiil  in  the 
practical  operations  of  electric  telegraphy. 

Its  construction  will  be  understood  from  fig.  57.  napo  is  a  mahogany  board  2  feet 
Ions  X  10^  wide,  fitted  with  leTelling  screws  at  its  four  comers^  and  a  binding  screw 
in  the  centre  of  each  side ;  these  binding  screws  are  connected  by  a  thick  copper  wire, 
www,  let  into  a  groove  in  the  surface  of  the  board,  and  forming  a  parallelogram  ir  a 
p  0.  At  points  exactly  equidistant  from  the  angle  n,  the  wires  n  o,  n  a  are  severed, 
and  the  ends  are  connected  with  l>inding  screws,  8  s^  if  tf.  Similarly  the  wires  pa,  po 
are  severed  and  the  ends  connected  with  binding  screws,  r  r,  r^  /.  In  the  centre  of 
the  board  is  a  galvanometer,  having  a  compound  needle  suspended  by  a  fibre  of 
raw  silk  in  the  centre  of  a  coil  of  moderately  thick  wire.  This  coil  is  attached  to 
a  disc.  A,  moveable  on  a  vertical  axis,  and  a  graduated  card  is  fixed  on  top  of  the  ooils 
on  which  the  deflection  of  the  needle  may  be  observed ;  a  piece  of  talc  is  cemented  to 
the  card  at  90^,  to  check  the  violent  oscillations  of  the  needle. 

The  ends  of  the  coil  are  connected  with  the  terminals  o  and  a  by  wii*es,  sufiiciently 
long  to  allow  of  the  graduated  disc  and  coils  being  moved  round  by  the  handle,  A,  so 
as  to  bring  the  zero  point  to  correspond  with  the  needle  when  it  is  in  the  plane  of  the 
magnetic  meridian.  A  single  cell  of  a  Smee  or  Daniel  battery  is  generally  sufficient  to 
work  the  instrument :  it  is  shown  at  z,  one  pole  being  in  connection  with  n,  the  other, 
through  the  intervention  of  a  contact  maker,  with  p. 

To  understand  the  action  of  the  instrument,  let  us  suppose  the  wire,  w,  tobe  unbtoken 
at  /  /,  s'  «';  when  contact  is  made  at  h,  a  current  passes  from  z  to  h  where  it  bifor- 
cates,  and  as  the  two  wires  nap  and  nop  offer  equal  resistances,  one  half  of  the 
current  passes  through  each  channel,  the  currents  reunite  at  p,  and  pass  to  8,  oom- 
pleting  the  circuit. 

Neglecting  the  resistance  of  the  external  connections  between  z  and  n,  and  z  p,  which 
do  not  influence  the  result :  if  the  electrical  tension  at  n  be  represented  by  10,  at  p  it 
will  be  0,  and  at  a  and  c  it  will  be  5,  hence  there  will  be  no  current  between  o  and  a, 
and  the  galvanometer  will  be  unaffected.  If  now  a  resistance  of  1  mile  be  introduced 
at  8  and  an  equivalent  resistance  at  if,  the  current  will  bifurcate  equally  as  before,  but 
the  tension  at  n,  s',  and  «,  will  be  much  increased,  and  that  at  o  and  a  will  be 
diminished  proportionately ;  but  being  still  equal  on  both  sides  do  current  will  pass 
from  0  to  A,  and  the  needle  of  the  galvanometer  will  remain  at  rest. 

If,  however,  the  resistance  introduced  at  «  «  be  either  less  or  greater  than  the 
resistance  interposed  between  8%  tf,  the  current  will  no  longer  divide  itself  equally  at 
H ;  the  distribution  of  the  tensions  in  N  A  p  and  nop  will  no  longer  be  similar,  the 
tension  at  o  will  be  different  from  the  tension  at  A,  and  an  electric  current  will  be 
established  between  o  and  a,  causing  a  deflection  of  the  needle  of  the  galvanometer, 
and  the  direction  of  the  deflection  will  denote  on  which  side  the  resistance  is  greatest. 
The  general  law  of  this  instrument  may  be  thus  stated  : — 

The  conductors  nap  and  n  o  p  being  united  at  n  and  p,  the  relation  between  the 
electric  tensions  at  N  and  p  must  always  be  the  same  for  both  inductors,  however 
the  resistances  of  the  conductors  and  the  tensions  may  be  varied.  Hence  the  electric 
tensions  at  A  and  o  will  be  equal  as  long  as  the  following  proportional  resistances  are 
maintained,  n  a  :  a  p  :  :  no  :  op  (vide  p.  639),  and  as  long  as  the  electrical  tensions 
at  0  and  a  are  identical  no  current  will  pass  between  them  through  the  galvanometer. 
It  will  now  be  clear  that,  having  introduced  into  the  circuit  on  one  side  of  the  paral- 
lelogram a  conductor  having  an  unknown  resistance,  we  can  determine  its  resistance  by 
introducing  known  resistances  into  the  circuit  on  the  other  side  until  the  galvanometer 
being  no  longer  affected,  we  know  that  the  current  is  equally  divided,  and  that  the 
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n  bqnal.  The  mode  of  TKrjiDg  the  ruiiiaooes  ii  'bj  mttut 
ofrcnifosM  eoiU  aai  rheottalt.  The  former  BM  med  for  ixmiidenbU  reuituieea, 
the  Utter  for  than  oF  aauller  nine.  Beiutuioe  eoile  are  limplj  coile  of  fine  Mpp«r 
wire  ininlated  with  cotton  ud  wgund  on  bolilniia,  uid  of  nich  length  M  to  offer  to  the 
electiia  unrrent  reoitanoea  equal  to  w  nuuij  mile*  of  &  ituidud  oandactor  ;  they  are, 
of  eonree,  prepu«d  with  the  tid  of  the  "  Fanllelogmn."  The  hobbica  ere  kmnged 
BO  that  Ibey  can  be  introdaoed  ungl;  or  in  oombinatioii  into  the  electria  dnmit. 

A  Mn^eiuent  form  ii  (hat  ihown  in  Ag.  67  at  B.  The  coil*  are  indde  the  box  and 
their  endi  an  aaldered  to  tfae  btMt  plata  p  p,  vhicli  an  inanlated  from  Mch  other. 
The  small  braei  pins  b  b,  when  placed  in  (ha  bold  between  the  pUtea,  form  oonnec- 
tions  between  thetn.  //are  tiro'UDdiDgBcrawa  for intiodni^Dg  the apparahu iota  the 
olnniL  When  all  the  pins  an  in  their  eoekets  the  coirent  paeaes  from  /  to/through 
the  bna  plates  p  p,  and  the  pins  b  b,  the  resietancei  of  which  arc  insigiuGiauit.  If 
one  pin  &,  be  wiibdiawn  the  cnmnt  is  oompellad  to  traverae  the  coil  beneath  it  in 
paiung  from  b,  to  b„  and  in  this  wa;  snj  coil,  or  an;  combination  of  the  coil%  mi;  be 
introduced  into  the  circait. 

The  Rheottat  is  an  invention  of  Profesaor  Whtatatone.  The  original  form  is  shown 
in  Bg.  G8,  and  a  modified  form  in  fig.  G9,  in  the  former  a  copper  win  of  about  twent; 


Tlg.M. 


gauge  is  wound  on  an  insulating  cjlinder  i.  A  brass  cylinder  □  is  placed  parallel 
to  the  former,  and  olose  to  it,  and  the  wire  can  be  wound  off  one  cylinder  on  to  the 
other ;  the  ends  of  the  wire  eommnnicate  bj  means  of  springs  with  the  binding 
screws  B  B.  When  wound  on  the  insnlating  cylinder  the  current  of  electricity  ii  com- 
pelled to  pass  throDgh  the  whole  length  of  the  wire  ;  bat  when  any  portion  of  the 
wire  is  wonnd  off  i  on  to  o^  that  portion  of  the  wire  is  put  in  connection  with  the 
conducting  metal  of  c  and  its  nsilMnce  becomes  practiciliy  ni7. 

The  number  of  turns  or  porta  of  a  turn  on  the  insulating  cylinder  are  read  by  means 
of  a  scale  e  e,  and  a  graduated  circle  t/. 

This  form  of  Rheostat  ie  very  perfect  in  its  aeUon,  but  it  is  tronbleaone  to  wind  and 
unwind  the  wire,  and  if  not  carefully  used  the  wire  beeomea  looae  on  the  oylinder,  and 
one  tnni  rides  on  another.  A.  different  form  of  Rheostat  has  been  made  by  Mr, 
Becker,  of  Uessrs.  Elliot  Brotheta'  firm,  in  which  the  wire  is  wound  permanently  on 
an  inaulating  cylinder,  and  any  number  of  tome  are  introduced  into  the  circuit  by 
means  of  a  grooved  wheel  w,  fig.  69,  moring  on  a  graduated  bar  a  a.  When  the 
cylinder  is  made  to  rotate  the  wheel  is  screwed  along  the  bar,  or  the  bar  may  be 
pressed  back  by  hand  and  the  wheel  slipped  along  it  to  any  point  desired.  This  form 
s  very  comenient,  but  it  has  one  defect,  vis.,  that  (he  contact  between  the  wheel 
and  the  win  is  sometimes  imperfect,  and  unless  this  be  attended  to  great  erron  may 
arise  from  this  source. 

The  contact  maker  is  essential  in  obserrations  with  the  parallelogram,  as  irrespec- 
tive of  the  inconvenience  of  working  without  it,  the  temperature  of  the  win  is 
iocieased  by  the  cootinned  passage  of  a  current  of  electricity,  and  a  source  of  srror  is 
thus  introdnced,  owing  to  the  varying  conductivity  of  metals  at  different  temperatnrea. 
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To  bring  the  needle  of  tbe  galvanometer  to  rest  a  magnetised  sewing  needle  may  be 
employed,  and  witb  a  little  practice  it  can  be  brought  to  rest  so  quickly  that  tbe 
delay  which  would  otherwise  result  from  its  oscillations,  each  time  that  the  current  is 
made  to  pass,  becomes  quite  insignificant. 

In  testing  tbe  conductivity  of  the  copper  wire  to  be  used  for  submarine  cables,  the 
parallelogram  is  now  extensively  used.  The  electrical  resistances  of  the  coils  of 
galvanometers  or  electro-magnets  are  also  readily  obtained  by  its  aid. 

Messrs  Siemens  and  Halske  avail  themselves  of  the  parallelogram,  in  disooTering  the 
pottition  of  a  fault  in  a  submarine  cable  during  the  process  of  manufacture.  The  ends 
of  the  cable  are  connected  to  the  binding  screws  a  o,  the  cable  containing  the  fault 
of  insulation  being  coiled  in  a  tank  of  water,  so  that  the  fault  forms  an  earth  con- 
nection— one  pole  of  the  battery  is  attached  to  p  and  the  other  pole  (through  a  contact 
key)  to  the  earth.  It  is  evident  from  this  arrangement,  that  if  tbe  fault  exist  exactly 
at  the  centre  of  the  cable  the  resistances  on  each  side  will  be  equal,  and  the  galvano- 
meter will  not  be  deflected  ;  but  if  it  be  nearer  to  one  end — 
Let  R  represent  the  resistance  of  the  whole  cable 

x^  y^  the  respective  resistances  of  the  shorter  and  longer  parts  from  the  ends 

to  the  point  of  leakage. 
7*,  the  resistance  which  must  be  added  to  x  to  make  the  tensions  at  a  and  o 

equal. 
w  and  w'  tbe  resistances  of  the  two  sides  of  tbe  parallelogram  P  ▲  and  p  c, 
supposing  them  not  to  be  equal,  then  we  have — 

to  \  y  .:  w'  '.  v-'rx 
and  R  =*  a:  +  ^ 

whence  X  =  "■'»-""•,  (;r="-^l£ 

w'  +  vj    f  or,  if  «;  =  «;'  as  is  '  2 

icR  +  wrl      usuallyibe  case  )  „  _  r  +  r 
"V  +  to     /  \         ~2~ 

Thus  same  method  will  evidently  be  applicable  for  discovering  the  position  of  a 
fault  in  tbe  insulation  of  a  submerged  cable  containing  several  conductors,  as  long  as 
the  insulation  of  ono  of  the  conductors  remains  perfect.  Should  there  be  no  well 
insulated  conductor  between  the  extreme  points,  other  modes  of  testing  for  the 
position  of  a  fault  in  a  cable  rau*^t  be  resorted  to.  Messrs.  Siemens  and  Halske  hare 
generally  used  tbe  three  following  : — 

I.  Find  a.  =  insolation  from  one  end. 

h^=         ti         ^rom  the  cpposiie  end. 
c  =  known  resistance  of  cable  when  perfect. 
II.      ,,      a   =  continuity  from  one  end. 

6   =         „         from  the  opposite  end. 
c   =  as  above. 

III.     ,,      o  =  insulation    )  .         , 

X.     •.     f  ""0™  the  same  end. 
a  —  continuity   ) 

c  =  as  above. 

From  these  three  sets  of  data  the  resistances  x  and  y  from  tbe  ends  A  and  B  may  be 

derived  as  follows  : — 

a.  —  b.         c 

From   I.     a  =  J ••   +  1 

2  2 

^  -  rt,         c 

J  2  2 
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From  II.    X  =  .l^LHL 

1  +  v« 

e 

y  = ^ 

1  +  Vtt 

a     c  —  h 

where  it  =  -r  •  - — - 
0     c  —  a 

From  III.     X  =  o  —  V  ("j  —  <*)  •  (c  —  ^r* 

These  three  tests  may  be  compared  and  mean  values  of  x  and  y  deduced  from  them. 

It  is  to  be  understood,  that  by  the  term  insulation  of  a  cable  is  meant  its  electrical 
resistance,  when  the  Ut  end  is  insulated  ;  and  that  by  the  term  continuity  is  meant 
its  resistance,  when  the  far  end  is  connected  with  the  earth. 

The  above  formulae  are  based  on  the  suppositions  that  the  cable  contains  only  one 
faulty  that  the  earth^s  contact  is  the  same  in  both  tests,  and  that  it  is  not  polarised^ 
otherwise  the  equations  will  not  give  true  results. 

For  further  information  on  this  subject,  vide  *  The  Report  of  the  (Committee  on  the 
Construction  of  Submarine  Telegraph  Cables.* 

Blank  Form  for  Telegraphic  Messages. 

PREFIX Code    time No.     of   words Time     received M. 

Time  forwarded M. 

Signature  of  receiving  Clerk . 

The  following  message,  forwarded  from and  received  at 186  . 

From  To 


} 


D. 


Signature  of  person  sending- 


Many  of  the  illustrations  in  this  paper  have  been  copied  from  those  in  Gavarret*s 
'T61igraphie  Electrique,*  and  some  from  Shaffner's  'Telegraph  Manual,' and  both 
these  works  have  been  largely  consulted  in  its  compilation. 

w. 

WATER  MEADOWS,  or  IRRIGATION.* 

SionoK  I. 

This  term  is  used  in  our  own  country  to  express  the  only  system  of  irrigation 
which  the  routine  of  the  &rmers  has  allowed  to  be  applied  upon  a  large  scale.  It 
is  true  that  the  comparatively  equal  distribution  of  the  rain-fall  over  the  whole  of 
the  year,  in  the  Utitudes  of  the  British  Islands,  renders  the  application  of    artificial 
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irrigation  less  necessary  in  them  than  it  is  in  drier  and  warmer  climates.  Bat 
the  climatological  conditions  of  our  wide-spread  Colonies  differ  so  vastly,  that  it  ib 
highly  probable  that  Officers  of  the  Ck>rps  of  the  Royal  Engineers  may  be  called  upon 
to  advise  upon,  if  not  to  execnte,  works  of  this  description  in  onr  more  remote  depen- 
dencies. In  the  following  notice,  therefore,  the  practice  of  other  nations  will  be 
described  even  more  in  detail  than  that  of  oar  own,  with  a  view  of  laying  before  the 
profession  the  results  arrived  at  by  the  widest  and  most  varied  experience,  and  of 
famishing  a  guide  in  the  greatest  possible  number  of  eases. 

The  subject  is,  however,  so  vast,  and  our  space  so  limited,  that  evidently  many 
of  its  important  parts  must  be  omitted,  or  treated  in  a  somewhat  cursory  manner. 
Indeed,  as  the  application  of  water  to  agriculture  involves  the  examination  of  the 
principles  of  structural  botany,  and  as  the  means  of  distributing  it  trench  upon  the 
principles  of  hydrodynamics,  it  must  be  evident  that  it  would  be  impossible  to  treat 
of  them  all  within  the  limits  of  this  article  :  it  is  proposed,  therefore,  to  render  it  as 
succinct  as  possible  by  referring  to  the  best  authorities  for  an  account  of  such 
principles  as  we  may  be  compelled  to  notice  without  elaborate  investigation. 

UISTORICAL   SKETCH. 

Like  all  the  other  arts  and  sciences,  irrigation  appears  to  have  been  derived 
originally  from  the  East ;  for  it  is  recoi'ded  to  have  been  employed  by  the  iuhalntants 
of  those  regions  from  the  earliest  periods.  In  China,  Assyria,  and  Egypt  this  mode 
of  increasing  the  fertility  of  the  land  seems  to  have  been  coeval  with  the  establish- 
ment of  definite  forms  of  society  ;  or  at  least  the  earliest  records  we  possess  of  those 
nations  mention  the  attention  paid  by  the  respective  communities  to  irrigation*  Of 
course,  little  faith  is  to  be  placed  in  the  history  of  the  Chinese  ;  but  inasmuch  as 
their  traditions  assert  that  considerable  works  were  executed  for  this  purpose  about 
2240  years  b.  o.,  it  is  to  be  assumed  that  the  art  of  applying  water  to  cultivated  lands 
by  artificial  means  is  in  that  country  of  very  great  antiquity.  Moreover,  as  rioe  is 
one  of  the  the  staple  products  of  China,  and  as  it  cannot  be  produced,  except  under 
very  peculiar  circumstances,  without  irrigation,  it  is  reasonable  to  suppose  that  the 
latter  process  must  have  occupied  the  attention  of  this  singular  nation  at  a  very 
early  period  of  its  history.  The  extreme  subdivision  of  property  in  China  has  how- 
ever modified  the  application  of  the  science  of  irrigation  there  ;  because,  as  the  fields 
are  small,  and  manual  labour  perhaps  at  its  lowest  rate,  the  prevailing  character  of 
this  class  of  works  may  be  described  by  stating  that  the  waters  are  usually  raised  by 
machines  moved  by  hand,  or  occasionally  by  the  labour  of  animals.  These  machines 
appear  to  be  very  simple,  or,  rather,  imperfect.  It  does  not  appear  that  the  Chinese 
are  much  in  the  habit  of  constructing  irrigation  canals  on  a  large  scale,  or  reservoirs 
to  store  flood  waters  (unless  it  be  for  the  service  of  their  canals),  or  longitudinal  banks 
to  direct  or  control  the  periodical  overflows  of  their  great  rivers.  In  fact,  this  art, 
like  all  others,  has  remained  in  a  rudimentary  state  in  the  hands  of  that  nation. 

In  India  the  inhabitants  appear  to  have  early  felt  the  necessity  for,  and  to  have 
taken  measures  to  secure,  an  artificial  supply  of  water  to  the  agricultural  districts  not 
immediately  situated  upon  the  banks  of  the  large  rivers  of  the  peninsula.  To  attain 
this  object  many  vast  canals  were  formed,  conducting  the  waters  of  the  Indus  or  the 
Ghmges,  or  their  tributaries,  to  the  districts  to  be  irrigated ;  and  large  reservoirs  were 
also  formed  to  store  the  torrential  rains  which  fall  at  certain  periods  of  the  year. 
The  dimensious  of  these  '  tanks  *  are  frequently  colossal ;  thus,  that  of  Bintenny, 
although  now  half- filled  in,  is  said  to  have  a  circuit  of  about  8  miles  ;  that  of  Can- 
delay  has  a  circuit  of  about  44  miles,  with  a  depth  of  about  24  feet  at  the  head  ;  that 
of  Mainery  has  a  circuit  of  about  20  miles,  with  a  transverse  dyke  of  not  less  than  a 
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mile  in  length.  In  Uid,  eTery  principle  of  legialation,  religion,  or  saperstition  appears 
to  have  been  made  to  co-operate  with  the  extension  of  the  system  of  irrigation,  so 
indispensable  for  a  nation  subsisting  almost  entirely  npon  rice. 

But  perhaps  the  origin  of  this  science  may  be  traced  to  the  Iranian  Empire,  alike 
the  cradle  of  the  arts  as  it  was  of  the  languages  of  the  civilized  world.  All  the 
authors  who  have  treated  of  that  singular  nation, — with  which,  thanks  to  the  labours 
of  Mr.  Layard,  assisted  by  the  profound  science  of  Msjor  Bawlinson,  we  are  beginning 
to  become,  as  it  were,  practically  acquainted, — ^all  have  assigned  a  very  remote 
antiquity  to  the  '  Hanging  Gardens  of  Babylon,'  and  even  a  more  remote  date  to  the 
irrigation  canals  upon  the  banks  of  the  Tigris  and  of  the  Euphrates.  One  work  upon 
the  latter  river  may  be  especially  mentioned ;  it  is  the  artificial  lake  Nitocris,  formed 
to  receive  the  flood«waters  of  that  river,  for  the  double  purpose  of  storing  them  and 
of  preventing  their  destructive  ravages.  According  to  Herodotus,  this  lake  had  a 
circuit  of  20  miles ;  according  to  Diodorus,  the  circuit  was  75  miles.  Under  the 
rule  of  Mohammedanism,  however,  it  has  totally  disappeared,  together  with  nearly  all 
the  other  works  executed  for  similar  purposes. 

In  Egypt,  the  peculiar  character  of  the  climate  and  of  the  Nile  appears  to  have 
occupied  the  attention  of  the  earliest  legislators  and  rulers  of  the  country.  Immense 
canals  were  cut,  by  means  of  which  the  rising  waters  of  that  river  were  distributed 
over  larger  areas  than  they  could  reach  naturally ;  and  transverse  dykes  appear  to 
have  been  formed  to  &cilitate  the  deposition  of  the  fertilising  mud  they  contained,  by 
constituting,  as  it  were,  so  many  ponds  of  still  water.  General  Andreossy,  in  his 
account  of  the  French  expedition  to  Egypt,  mentions  in  detail  the  nature  of  these 
works,  and  he  states  that  in  Upper  Egypt  they  are  even  now  tolerably  perfect. 

The  canals,  which  served  to  conduct  the  waters  during  the  inundations,  became 
reservoirs  when  these  had  subsided  ;  but,  as  they  were  necessarily  at  a  low  level,  the 
waters  were  forced  to  be  raised  by  artificial  means.  The  Archimedean  screw  is  said 
to  have  been  invented  by  the  philosopher  from  whom  it  derives  its  name,  during  his 
travels  in  Egypt ;  and  it  is  certain  that  the  noria  was  frequently  employed  in  such 
positions  as  those  alluded  to.  Many  of  these  machines  are  even  employed  at  the 
present  day.  But  the  most  remarkable  work  executed  by  the  ancient  inhabitants  of 
Egypt  is  unquestionably  the  lake  Moeris,  which  served  to  store  the  waters  of  the 
inundations.  Pomponius  Mela  states  that  the  area  of  this  reservoir  was  about  1500 
acres ;  whilst,  according  to  Herodotas  and  Strabo,  it  was  double  that  size.  It  was 
formed  by  Menes,  who  also  executed  other  very  extraordinary  works  fur  the  same 
purpose  of  regulating  the  inundations  of  the  river,  and  of  storing  its  waters  against 
the  dry  seasons. 

In  Ethiopia  and  Nubia  similar  methods  to  those  used  in  Egypt  appear  to  have  been 
anciently  employed.  In  Palestine  and  Phoenicia  irrigation  was  also  adopted  ;  but  the 
usual  practice  appears  to  have  been  more  confined  to  the  watering  lands  by  simple 
machines  than  by  costly  and  extensive  deviations  of  running  streams. 

The  Greeks  do  not  appear  to  have  paid  any  attention  to  the  useful  application  of 
hydraulics,  either  for  irrigation  or  domestic  purposes.  Nor  do  the  Romans  appear  to 
have  devoted  much  attention  to  the  former  subject^  whilst  the  latter  occupied  one  of 
the  most  prominent  places  in  their  consideration.  Cato  and  Virgil  allude  to  irrigation, 
it  is  true ;  but,  very  singularly,  no  authentic  remains  of  canals,  water-courses,  or 
reservoirs  for  this  purpose,  constructed  by  the  Romans,  have  been  found  in  any  of 
their  numerous  possessions ;  whilst  it  would  be  impossible  to  cite  a  province  in  which 
vestiges  of  the  colossal  works  they  erected  to  secure  the  water  supply  of  their  towns 
may  not  be  found. 

In  the  middle  ages,  the  Visigoths  constructed  several  very  important  irrigation 
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canals  in  the  South  of  France  and  in  Spain  ;  and  the  Arabs,  who  snhteqntiitly  became 
masters  of  the  latter  country,  continued  the  works  of  their  predeoesflors,  adding  to 
them  the  construction  of  storeage  reservoirs,  and  the  application  of  the  noria — a 
machine  they  introduced  wherever  they  cstahlished  their  dominion.  In  Gatalonia, 
Valencia,  and  Andalusia,  the  irrigation  canals  constructed  by  the  Arabs  are,  eTen  at 
the  presf-nt  day,  in  a  very  perfect  state.  Upon  one  of  them,  in  Yalencia,  that  of 
Almazora,  is  a  syphon  of  about  510  feet  in  length,  which  would  prove  that  the  state 
of  hydraulic  Bcience  had  reached  a  very  advanced  point  amongst  that  anomalous  people. 
In  Upper  Catalonia  it  is  not  uncommon  to  see  norias  set  in  motion  by  wind^mills,  for 
the  purpose  of  raising  water  to  the  upper  districts. 

In  modern  Italy  the  science  of  irrigation  has  made  perhaps  the  greatest  progress, 
and,  singubrly  enough,  it  would  appear  to  be  the  most  practised  in  the  districts 
formerly  occupied  by  either  the  Gothic  or  Yisigothic  tribes.  In  the  Piedmontese 
dominions,  and  in  Lombardy,  the  most  perfect  system  of  irrigation  which  can  be  cited, 
perhaps  in  the  world,  exists  ;  whilst  in  Central  and  Southern  Italy  very  little  has  been 
done  to  apply  to  useful  purposes  the  numerous  streams  descending  from  the  Apennines. 
As  many  of  our  future  illustrations  will  be  drawn  from  Upper  Italy,  it  may  suffice  at 
present  to  mention,  that  frequently  the  artificial  water-courses  of  that  country  have 
been  designed  with  a  view  to  render  them  applicable  to  the  purposes  of  irrigaiion  and 
of  navigation  at  the  same  time  ;  and  that  in  Piedmont  many  large  resexToirs  have  been 
formed  to  store  rain-waters. 

In  the  South  of  France,  also,  the  Gothic  tribes  introduced  the  system  of  irrigaUon. 
One  of  the  largest  canals  formed  for  this  purpose  in  the  Eastern  Pyrenees  is  called, 
even  at  the  present  day,  after  Alaric,  and  is  usually  believed  to  have  been  constructed 
by  the  orders  of  that  conqueror,  who  would  seem  occasionally  to  have  had  ideas  of  a 
different  nature  from  those  usually  attributed  to  him.  In  the  centre  and  in  the  North 
of  France  partial  irrigation  is  carried  on  by  diverting  some  streams,  and,  like  those  in 
the  South,  they  appear  to  be  of  very  great  antiquity.  Storeage  reservoirs  for  rain- 
waters exist  only  in  the  South. 

In  Germany,  Holland,  and  Flanders,  it  is  very  rare  to  find  any  other  kind  of  irriga* 
tion  than  that  known  in  our  country  by  the  name  of  water  meadows ;  nor  do  the 
means  employed  exhibit  more  ingenuity  than  those  we  are  accustomed  to  at  home. 
In  fact,  tne  climate  of  Northern  Europe  is  far  too  moist  to  require  any  great  outlaj  in 
securing  an  artificial  augmentation  of  the  prevailing  characteristio ;  and  the  difficulty 
the  scientific  farmer  has  to  encounter  is  rather  the  excess,  than  the  want,  of  water. 
All  these  countries,  like  our  own  also  in  this,  adopt  the  practice  of  '  warping*  (which 
will  be  described  hereafter),  for  the  purpose  of  retaining  the  materials  in  suspension 
in  the  tidal  waters  of  their  estuaries. 

America  is  still  too  firesh  to  require  the  application  of  science  for  the  extraction  of 

its  agricultural  wealth.     There  are  a  few  water  meadows  in  the  alluvial  plains  of 

North  America,  but  the  science  of  irrigation,  not  being  yet  required,  is  of  course  in  a 

rudimentary  state. 

General  Principles  of  Irrigation, 

It  may  be  asserted,  as  a  general  rule,  that  there  are  no  countries  to  which  irrigation 
may  not  be  usefully  applied  ;  but  the  atmospheric  conditions  of  the  intertropical  and 
of  the  glacial  zones  are  such  as  to  render  the  economical  results  of  the  operation  often 
very  questionable  in  their  cases.  For,  firstly,  it  is  well  known  that  as  we  proceed 
from  the  temperate  zones  towards  the  Poles,  the  average  annual  rain-iall  tends  to  dis- 
tribute itself  more  equally  over  the  year,  even  if  the  total  quantity  be  not  greater.  A 
general  system  of  irrigation  in  such  countries  would  necessarily  cost  as  much  as  in  anj 
other  ;  but  the  occasions  for  its  use  would  diminish  more  and  more  as  we  approached 
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the  Poles.  In  the  intertropical  regions,  on  the  oontrarj,  the  ezoessiYe  heats  would 
require  much  greater  qnantities  of  water,  and  the  class  of  Tegetation  thus  called  into 
existence  would  be  of  a  nature  so  totally  different  from  that  aimed  at  in  the  temperate 
zones,  that  none  of  the  present  rules  for  the  management  of  irrigation  would  apply. 
The  most  satisfactory  results  hitherto  attained  have  been  unquestionably  those  to  be 
met  with  in  the  temperate  zones,  and  it  is  to  them  attention  will  be  principally 
directed.  In  our  hemisphere  they  may  be  considered  to  be  comprised  within  the  25th 
to  the  57th  degree  of  latitude,  although,  as  is  well  known,  modifications  of  the  system 
are  applied  in  much  higher  latitudes.  In  the  southern  hemisphere  the  zone  adapted 
for  irrigation  may  be  regarded  as  being  of  about  an  equal  breadth. 

The  irrigable  region  of  the  northern  hemisphere  may  be  separated  into  four  sub- 
divisions, founded  upon  the  class  of  produce  which  characterises  them.  The  first 
would  be  the  zone  in  which  rice  is  cultivated  ; 

The  second,  that  in  which  the  olive  is  raised ; 

The  third,  that  in  which  the  vine  is  raised  ; 

The  fourth,  that  in  which  wheat  is  the  staple  produce. 

Like  the  zones  adapted  for  irrigation,  the  subdivisions  are  not  to  be  considered  as 
defined  by  any  regular  line  ;  for  the  greater  or  less  proximity  to  the  ocean,  the  greater 
or  less  number  of  mountains  in  any  of  them,  and  the  relative  general  dip  of  the  surface, 
alter  singularly  the  warmth,  or  the  moisture,  of  any  particular  place. 

In  the  neighbourhood  of  towns,  in  all  the  subdivisions,  the  production  of  garden 
vegetables  gives  rise  to  a  peculiar  kind  of  cultivation,  which  requires  the  application 
of  water  every  day.  The  instances  where  this  is  effected  by  irrigation,  pnoperly  so 
called,  are  very  few,  and  the  means  usually  employed  are  to  raise  the  water  requisite 
from  deep  wells  by  the  simplest  machinery  possible.  Some  of  these  will  be  described 
in  the  sobsequent  parts  of  this  article. 

Reversing  the  order  of  the  subdivisions,  to  consider  the  kind  of  produce  most  likely 
to  be  benefited  by  irrigation,  it  is  to  be  observed,  that  unquestionably  the  greatest 
advantage  to  be  derived  from  it  is  in  the  fourth  zone  and  in  the  application  to  water 
meadows  such  as  may  be  called  'natural.* 

Artificial  meadows  also  gain  by  it,  and  to  such  an  extent,  that  it  is  asserted  that  in 
Spain  and  in  the  South  of  France  the  lucerne  will  yield  as  many  as  eight  or  nine  crops 
in  the  year.  In  the  North,  there  appears  very  little  reason  to  doubt  but  that  an  extra 
crop  might  be  obtained  from  this  grass,  or  that  the  yield  might  be  increased  one- 
quarter.  The  sainfoin  also  gains  by  irrigation ;  but  as  it  is  a  hardy  plant  and  grows 
tolerably  in  very  dry  situations,  it  is  more  particularly  reserved  fur  drier  positions. 
It  is  a  reoeived  axiom,  however,  amongst  continental  farmers,  that  the  most  beneficial 
applicatbn  of  irrigation  is  to  natural  meadows,  and  the  practice  of  our  own  farmers  in 
this  is  precisely  similar. 

Occasionally,  in  the  most  northern  subdivision,  it  would  be  desirable  to  be  able  to 
irrigate  com  lands,  as  in  the  year  1846.  The  expense,  however,  would  always  be  too 
great  for  the  benefit  to  be  derived. 

It  may  be  as  well  to  observe  that  by  the  term  '  natural  meadows*  is  meant  such  as 
have  a  vegetation  of  which  the  gramineoB  form  the  base ;  such  as  the  phloeum  pratense, 
lolium  perenne,  festuca  sylvatica,  poa  pratensis,  &c  The  term  '  artificial  meadows  * 
implies  such  as  have  a  vegetation  composed  of  the  leguminosse  ;  such  as  the  medicago 
sativa,  trifolium  pratense,  vicia  sativa,  fcc. ;  all  of  which  latter  class  are  sown  regu- 
larly every  year. 

The  waters  used  for  the  purpose  of  irrigation  are  not  equal  in  quality,  and  care 
must  be  taken  in  their  selection.  Those  which  flow  from  forests,  peat  mosses,  or  such 
as  contain  large  quantities  of  the  oxide  of  iron,  are  but  little  adapted  to  such  uses, 
VOL.  nL  z  z 
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even  if  the  two  latter  may  not  be  considered  positively  injurious.     As  a  general  rule, 
those  waters  are  the  best  which  have  been  the  longest  exposed  to  the  air,  or  in  the 
proportion  in  which  they  have  trayersed  fertile  lands  able  to  commnnicate  Bome  of 
their  properties.     It  is  on  this  account  that  the  waters  flowing  through  towns  or 
villages  are  the  most  desirable.    Streams  which  rise  from  the  granitic  or  primaiy 
rocks  are  always  more  advantageous  than  those  from  the  seoondaiy  formatioafl.     It 
would  appear  also,  that  they  hold  in  suspension  a  considerable  quantity  of  potassa  ; 
and  this  substance  is  in  the  greater  number  of  cases  required  to  correct  the  nature  of 
the  soil  of  the  alluvial  valleys.     The  waters  from  the  secondary  limestones  derelt^ 
the  growth  of  the  carex,  and  of  some  of  the  poorer  graminesB,  precisely  in  the  propor* 
tion  to  which  they  are  able  to  hold  in  suspension  or  solution  the  salts  of  lime.     Boeks 
of  the  argillo-calcareous  character,  or  marls,  yield  springs  of  an  intermediate  character. 
But  it  must  be  always  borne  in  mind,  that  the  condition  to  be  fulfilled  by  any  water 
for  irrigation  being  to  correct  the  deficiencies  of  the  soil  traversed,  it  may  fireqnently 
happen  that  calcareous  waters  may  be  the  most  adapted  to  improve  the  argillaceoua 
formations  to  be  met  with  in  some  of  the  primary  districts. 

Sea-water  mixed  with  fresh,  or  the  brackish  water  of  embouchures,  is  highly  fitted 
for  irrigation ;  and  cattle  are  known  to  eat  the  grass  grown  in  salt  marahee  with 
remarkable  avidity.  It  may,  howerer,  be  stated  generally,  that  a  very  simple  crite- 
rion of  the  quality  or  adaptation  of  water  to  the  purposes  of  irrigation  may  be  found 
in  the  vegetation  of  the  natural  channeL  If  it  be  covered  with  a  luxuriant  Tigoroas 
herbage,  and  the  latter  be  of  a  good  quality,  the  water  of  the  stream  may  be  safely 
pronounced  to  be  adapted  for  the  proposed  use. 

The  description  of  soil  which  derives  the  greatest  benefit  from  irrigation  ia  thai 
which  is  the  most  permeable,  and  which  is  the  most  eanly  warmed.  Compact^  <^eyey 
lands,  on  tho  contrary,  gain  the  least,  because  they  absorb  with  greater  difiieolty  the 
heat  necessary  to  insure  that  the  water  should  produce  the  greatest  effect.  Moreom, 
as  such  lands  are  very  retentive,  the  water  they  hold  produces  a  verj  injurious  effect 
by  oooling  the  ground  when  evaporation  takes  place.  In  this  kind  of  soil  then  it  is 
necessary  to  let  the  water  on  at  intervals  of  some  distance^  according  to  the  tempera- 
ture of  the  season.  In  all  these  general  remarks  upon  soils,  it  is  to  be  obeenred,  that 
although  the  word  'soil*  only  has  been  used,  yet  in  fsct  the  subsoil  is  Hr  more 
important  even  than  the  superficial  soil,  and  that  they  only  apply  to  the  former 
invariably.  Indeed,  if  a  stratum  of  clay  be  found  upon  a  bed  of  grayel,  it  may  be 
irrigated  as  fully  as  a  lighter  soil,  whilst  a  sandy  stratum  upon  an  impermeable  bed 
must  receive  the  smaller  quantity  of  water. 

As  to  peaty  lands  in  a  dry  situation,  MM.  De  Girardin  and  Du  Breuil  state,  that 
they  require  frequent  irrigations,  but  so  arranged  that  the  waters  should  not  remain 
long  upon  them.  The  water  must  be  turned  on  in  large  masses,  and  made  to  circu- 
late with  great  rapidity  ;  for  it  has  been  found  that  the  peat  in  such  cases  parted  with 
a  great  portion  of  the  acid  and  astringent  properties  it  contained.  ' 

The  epoch  during  which  irrigation  is  most  profitably  employed  depends  to  a  certain 
extent  upon  the  object  it  is  desired  to  effect.  In  the  first,  second,  and  third  lones, 
this  is  principally  to  develop  the  progress  of  vegetation  by  lowering  the  excessiTe  heat 
of  the  soil,  and  to  obviate  the  inconvenience  of  drought.  In  these  cases,  evidently  the 
operation  should  be  performed  in  summer.  In  the  third  and  fourth  zones,  however, 
water  is  often  turned  over  meadows  for  the  express  purpose  of  protecting  them  from 
frost,  and  consequently  should  be  applied  in  the  winter.  But  in  all,  if  it  be  desired 
to  secure  the  deposit  brought  down  by  the  streams,  it  is  advisable  to  irrigate  between  the 
end  of  the  autumn  and  the  beginning  of  spring,  for  it  is  at  this  period  of  the  year  that 
the  largest  quantity  of  sediment  is  brought  down  from  the  upper  oountry.     Indeed,  if 
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■r,  it  would  bs  otceaurj  to 
II  dcpoaited  upon  the  ImTM 


■  largs  qauUtjr  Df  tedineiit  wen  bronglit  down  la  lai 
■hut  off  tlie  itreun,  bmaue  the  impftlp«ble  powder 
of  Uie  plants  would  rendci  (li«m  an£t  for  cAttle. 

In  w>nn  weather,  the  time  of  day  daiiag  which  irrigation  takes  place  ia  alio  to  be 
Doniidered.  It  hai  nmaUj  been  obserred  that  there  ia  danger  ia  appljiog  it  when  the 
heat  ia  the  grcateit,  and  that  it  U  preferable  to  let  the  waten  flow  over  the  groond 
in  the  morning,  or  more  particolarlj  in  the  cTening.  When,  bawoTer,  irrigation  ia 
principally  need  as  a  preaerratiTe  from  froat,  it  ehoold  be  applied  daring  the 
whole  day. 

Very  little  is  known  with  respect  to  the  pnam  qoantltj  of  water  necetMr;  to  irri- 
gate a  definite  inrfaoe.  Indeed,  it  mart  be  diffionlt  to  arriTe  at  an;  Ter;  predM 
nolioos  npoa  this  qneiUan,  beeauae  the  nature  of  the  soil  and  of  the  inbstnl,  aa  well 
u  the  hjgrDmetric  conditiona  af  the  atmoipbere,  influence  Ita  aolntiou.  Prom  obaem- 
tioDi  made  in  the  3anth  of  France  by  Nadaolt  de  fiuffon,  bawcTer,  it  appeais  that  an 
acre  of  meadow  land  lequirea  abont  1300  cnbic  feet  per  day,  daring  the  aeaaoa  for 
irrigatjon.  In  more  northerly  ntutioDi  it  wonld  certainly  not  be  neoeiaarf  to  employ 
more  than  half  of  this  qoantity,  e>en  npon  tolerably  light  lands. 

Thme  are  certain  primary  ooniitiooa  reqniiite  to  the  eatabUahment  of  a  good 
system  of  irrigation,  which  may  be  briefly  stated  to  conaist  in  the  fadlity  for  aeenrini 
•  oODltont  sapply  of  water,  and  >noh  a  configniation  of  the  soil  as  to  secure  a  r^olar 
corrent  a<rer  it,  and  a  perfect  discharge  for  the  water  after  it  shall  bare  performed  ita 
dnty. 

When  the  irrigation  ie  to  be  effected  by  a  mnning  stre&m,  to  which  the  proprietor 
oF  the  land  baa  an  andispuled  right,  ao  long  aa  it  ia  within  his  poaseeaions,  tb* 
derlatjon  of  the  water  may  be  effected  either  by  a  dyke  or  dam  acroaa  the  whole 
width  of  the  atream,  a  b.  Eg.  1,  or  a  portjon  only  may  be  direrted  by  meana  of  a 
apnr,  c  d,  tg.  S,  or  finally  the  tianarerae  dyke  may  be  made  with  a  hatoh  so  as 
to  regulate  the  flow.  A  tisnsTerae  dam  acroaa  the  whole  stream  is,  whereTer 
poaaible,  the  most  deeitable,  becaoae  it  enables  the  water  to  be  penned  back,  and  tbna 
to  be  poured  npon  bigher  parte  of  the  land  :  shoold  this  mode  of  rainng  the  level  of 
Fig.  1.  Fig.  J. 


the  water  b«  adopted,  care  moat  be  taken  to  prevent  the  flooding  of  npper  landa 
belonging  to  other  parties,  and  it  moat  be  borne  in  mind  that  the  top  water-line  of 
an  inteteepted  atream  ii  never  horiiontal,  bat  that  it  aaaomes  a  hypeibolie  curve, 
jtnning  the  natnial  deoliiily  at  a  distance  vsiying  with  the  inclination  of  the  bed. 
If  Ibese  means  should  not  be  nffieient  to  poor  the  waters  over  all  the  meadows. 
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it   will    be  neceasarj  to  employ   mechanical   meani.      (See    'River   Navigaiioii,* 
section  i ) 

When  the  stream  is  of  small  volame,  it  is  often  found  that  the  infiltration  and 
eraporation  from  the  leading  channels  will  so  diminish  its  yield  as  to  leave  hardly 
any  water  for  the  lower  or  remote  portions.  This  may  be  remedied  by  the  eonstmction 
of  reseryoirs  in  which  ^e  water  is  allowed  to  aocnmnlate,  and  from  which  it  la  dis* 
tribnted  in  flushes. 

The  construction  of  artificial  reserroira  also  furnishes  the  means  of  irrigating 
districts  in  which  no  natural  water-course  exists.  By  throwing  a  dam  across  the 
narrow  gorge  of  a  deep  valley,  in  the  manner  frequently  employed  for  canal  reseryoirs, 
it  is  easy  to  retain  the  rains  falling  in  superabundance  on  the  highlands  during  the 
winter  months,  which  are  subsequently  poured  upon  the  low  lands  in  summer.  For 
the  mere  purpose  of  irrigation,  these  reservoirs  do  not  require  to  be  constructed  with 
the  perfection  necessary  for  canals.  They  may  be  made  with  a  transverse  dam  of 
earth,  if  it  be  of  a  nature  to  resist  infiltrations,  and  the  outside  either  covered  with 
turf  or  dry  pitching.  The  crown  of  such  a  dam  should  have  a  width  equal  to  half  its 
height,  and  the  base  should  be  at  least  three  times  the  height ;  the  batter  should  be 
on  the  inside,  towards  the  water,  and  formed  in  steps  ;  it  would  also  be  preferable  to 
make  the  dam  convex  to  the  inside.  The  top  should  be  about  two  feet  above  the 
highest  water-line,  and  two  sluices  are  to  be  placed  at  the  bottom,  one  for  drawing  off 
the  water,  the  other  for  cleansing  the  bottom  of  the  reservoir.  The  reader  is  referred 
to  the  article  upon  River  Navigation,  section  *  canal,'  for  the  details  of  the  other 
precautions  to  be  observed  in  the  execution  of  these  works,  which  might  be  made  to 
render  immense  service  to  agriculture. 

In  Piedmont  many  such  irrigation  reservoirs  have  been  formed  ;  in  Spain  the  Arabs 
constructed  several  very  large  ones,  —  amongst  which,  the  one  near  Alicante  may  be 
particularly  cited.  In  the  Jura,  and  the  department  de  TAin,  in  Switserland,  Hun- 
gary, and  the  Tyrol,  the  practice  is  sufficiently  common,  but  in  our  own  country  it 
can  hardly  be  said  to  have  been  tried  unless  upon  the  Duke  of  Portland's  estate. 
The  average  proportions  of  the  reservoirs  in  Piedmont  seem  to  be  such  as  to  require 
a  water  surface  of  1  acre  to  every  14  acre  irrigated,  with  a  depth  of  about  1  yard 
to  every  2  acres  of  water.  Evidently,  however,  it  is  desirable  that  the  depth  be  as 
great  as  possible. 

The  dimensions  to  be  given  to  reservoirs  must  be  influenced  by  the  nature  of  the 
soil  to  be  irrigated  and  the  crop  to  be  raised,  far  more  tluvn  by  any  general  rule ; 
the  climate  of  the  district  in  which  they  are  to  be  constructed  must  also  be  taken  into 
account.  We  have  seen  that  in  the  South  of  France  1200  cubic  feet  per  acre  per  day 
are  required  ;  but  if  the  soil  be  very  permeable,  and  it  should  be  impossible  to  make 
the  water  serve  two  or  three  times,  much  more  would  be  required.  Again,  in  the 
same  region  it  is  sufficient  to  irrigate  five  or  six  times  after  the  fitst  crop  is  carried, 
to  secure  a  second,  and  an  aftermath  ;  but  to  calculate  that  a  reservoir  able  to  furnish 
from  6000  to  7000  cubic  feet  per  acre  would  be  sufficient,  would  lead  to  serious  dis- 
appointment. For  in  this  case  the  winter  irrigation  would  not  be  taken  into  account^ 
and  probably  it  is  more  Important  than  that  during  the  summer  months.  If  the 
reservoirs  be  well  constructed,  it  Is  true  that  the  excess  of  the  heavy  wioter  rains,  and 
the  greater  volume  of  land  springs,  may  effect  this  object ;  but  it  is  far  too  important 
to  be  loft  out  of  consideration,  and  if  the  locality  do  not  contain  any  natural  resources 
for  the  supply  of  this  particular  branch  of  irrigation,  the  capacity  of  the  reservoirs 
must  be  doubled.  In  many  positions  the  heavy  summer  rains  allow  the  reservoirs  to 
be  refilled  several  times  ;  but  experience  has  demonstrated  that  it  is  not  prudent  to 
calculate  on  this  resource,  and  that  it  is  advisable  to  make  the  reservoirs  sufficiently 
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Urge  to  insure  their  being  filled  in  the  months  firom  September  to  December 
Included,  to  contain  all  that  can  arrire  in  them  during  that  period,  and  to  use  the 
waste  water  for  the  winter  irrigation.  The  precise  quantity  cited  above  is,  howerer, 
only  to  be  taken  as  applicable  to  the  locality  named  :  as  was  before  said,  in  our  more 
northerly  climate,  in  all  probability  it  would  not  be  necessary  to  use  more  than  one- 
half  the  water  required  to  insure  the  perfect  irrigation  of  the  meadows  in  Italy  or 
Southern  France. 

The  remainbg  details  of  the  application  of  a  system  of  irrigation  must  depend 
necessarily  upon  the  greater  or  less  proximity  of  the  supply,  and  of  the  local  facilitiea 
for  its  application.  The  first  condition  to  be  attained  is  that  the  water  spread  oyer 
any  surface  should  be  able  to  flow  away  easily,  and  not  to  lodge  in  the  lower  portions ; 
for  directly  it  becomes  stagnant,  it  deyelops  the  growth  of  noxious  plants.  From  this 
arises  the  necessity  for  preriously  arranging  the  levels  of  the  land  to  be  irrigated,  so 
as  to  attain  the  following  conditions :  Ist,  the  waters  must  arrive  by  the  culmina- 
ting points  ;  2nd,  they  must  be  distributed  over  the  lower  portions  falling  away  from 
these  points  ;  3rd,  they  must  be  collected  in  the  outfall  drains  immediately  they  shall 
have  {Muued  over  the  land  to  be  irrigated. 

The  arrangement  of  the  surface  of  any  land,  in  order  to  obtain  these  results,  differs 
according  to  the  natural  configuration  of  the  ground,  which  is  found  to  be  the  most 
advantageous  when  there  exists  a  natural  declivity  over  the  whole  surface.  In  such 
cases  as  those  represented  below,  nothing  is  required  but  to  level  the  ground  by  filling 
up  the  lower  points,  a  a,  by  means  of  the  earth  removed  from  the  upper  points, 
B  B,  so  as  to  secure  a  perfectly  even  surface  in  the  direction  of  the  line  o  d.  When  the 
land  is  horizontal,  it  becomes  necessary  to  create  artificial  bclinations  similar  to  those 
mentioned,  in  order  to  facilitate  the  discharge  of  the  water  ;  and  with  this  view  a  series 
of  inclined  planes  are  formed,  beginnbg  from  the  point  where  the  water  enters  the 
field.  The  earth  is  removed  firom  the  lower  parts  of  these  depressions,  and  heaped 
up  in  the  centre,  so  as  to  insure  a  double  fall  from  the  latter  :  each  of  these  planes 


r • 


Fig.  3. — Section  of  land  to  bo  regularised  for  irrigation.. 


Fig.  4.-- Section  of  hmd  disx>06od  in  inclined  planes  to  receive  irrigation. 

has  at  its  culminating  pobts,  a  A,  a  channel  for  the  purpose  of  distributing  the  water 
and  a  drain  at  the  lower  points,  b  b,  to  receive  and  carry  off  the  waters  after  they  shall 
have  prod  need  their  effect.  The  rate  of  bclbation  of  these  planes  varies  between 
1  in  1000  to  1  in  100,  according  to  the  nature  of  the  ground.  In  light  and  absorbent 
soils  it  requires  to  be  slight,  in  order  that  the  water  may  remain  long  upon  them, 
and  that  it  may  not  scour  the  ground  ;  b  compact  heavy  lands,  on  the  contrary,  the 
inclination  ought  to  be  greater. 

The  width  of  the  planes  is  also  regulated  by  the  nature  of  the  soil ;  the  more  com* 
pact  this  is,  the  wider  the  planes  ought  to  be  made  ;  because  the  water  can  flow  over  a 
greater  surface  without  being  absorbed.      In  light  and  very  absorbent  soils  the 


702 


7AT£R    UCADOWS,    OR    I&UIOATION. 


fhntM  ought  to  be  namwei :  ibt  width  in  the  fint  iiutaiH»  nuj  ba  kboat  130  f«et, 
vhilit  in  the  secoad  it  ma;  b«  nsMiur;  to  eanfina  it  tD  ftbont  2S  feet 

la  all  caaei  in  which  it  is  nscenarj  to  ex«oat«  an;  eulh-works  in  order  to  giTo  the 
requiaile  iona  to  the  groaad,  it  will  be  adnaable  U>  remore  the  torf  in  r^ukr  layera ; 
when  tlie  woilu  ihall  tuve  b«en  coinplet«il,  thl«  will  be  repUoed,  ud  earefollr  beaten 
down  npoa  the  sail,  for  the  pnrpoae  of  obluning  more  npidlj  a  ini&c«  eoTered  with 
grasa  of  a  good  quality. 

The  tnot'n  amdactor  receixea  the  waters  directly  from  the  Tirer,  and  cocTeje  them 
to  the  ftedtrt,  which  are  lunallj  placed  at  right  anglce  to  it,  and  which  wire  to  dia- 
tribate  them  over  the  eorface  of  the  meadow.  Thie  conraa  ie  neoeaeary,  baeaoae  if 
the  teedeie  dsriied  tbeir  Boppl;  directly  from  the  river,  and  the  volume  of  the  latter 
were  eoneiderable,  in  the  first  place  it  would  be  difEcolt  to  i^nlate  the  flow,  and  in 
the  second,  if  theitmmshoald  rise  rapidly,  it  might  hollow  the  land  to  a  TeryeeiiooB 
extent.  Evidently,  if  the  river  be  small,  there  can  be  no  reaaon  why  the  feeder* 
■hould  not  be  formed  directly  npco  it. 

The  main  coadactor  takes  its  origin  above  the  weir  placed  across  the  stFeam,  and 
ilioDld  be  so  directed  as  to  cDovey  the  water  to  all  parLi  of  the  land  to  be  irrigated, 
•ndits  banks  shonld  be  made  a  little  higher  than  the  amroDiidiDg  land,  so  M  (a  inanra 
a  flow  of  water  towards  the  latter,  withoot  its  spreading  irregularly  over  the  sides. 
The  feeders  should,  ai  fu  as  posuble,  be  arranged  perpendiCDlu-ly  to  the  geuerat 
indinatjonofthegronnd,  as ia  represented  in  Gg«.  Gand6,  by  the  line  id.     In  some 


F^.  5.— IrrigftUoD  by 

cues  it  is  necessary  to  form  secondary  feeders,  in  order  to  diatribnte  the  wataia  of  the 
main  feeders  over  the  whole  suifsce.  These  are  directed  to  salt  the  general  inclina- 
tion of  the  groDud,  according  to  the  line  d  ^  fig.  (I,  and  are  placed  at  the  summit  of 
the  inclined  planes  indicated  in  fig.  4. 

The  invlina^on  of  the  main  condoctors  and  of  the  feeders  is  nsoally  made  abont  1  in 
600,  which  is  sufficient  to  allow  the  waters  to  Bow  with  a  proper  velocity,  withoot 
injuring  the  bed.  Id  proportion  as  the  feeders  are  removed  froQi  the  source  of  supply 
they  most  be  diminished  in  dimenuou,  in  order  that  the  waters  may  retain  their 
initial  velocity.     It  is  nsoal  to  couGoe  the  length  of  the  foederi  to  abont  70  feel,  tad 
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vhen  (he  rarlkM  to  tw  urigKted  exeeeds  tt&t  vidtb,  to  conatmet  Kcocduy  ooiuIda- 
tots ;  for  tbe  w&teni  do  not  dicaUte  with  inffioient  velocity  wliea  the  lengtli  ii 


Fig.  e— IrrlgatloD  irhen  tha  water  is  used  twlco. 
gruter  tluo  Ui*l  *bora  Mated.     Tlie  viitar  vMeh  hu  floved  oret  (he  tipper  portion 
is  collected  is  Ihia  cue  in  the  wcondu?  chumel,  and  made  to  irrigate  %  doabls  poi- 
UoD  of  land. 

.       P1K.T.  Fig.  8. 


Irrlgmtlon  whan  the  surlkce  o[  Uic  liuid  is  wlUi  Irregular  iDclituUani. 
Id  England,  the  procen  of  irrigation  generallj  ta.i.ea  place  after  the  month  of 
October,  vhea  the  aftarmatli  hai  been  carried.  Tbe  water  ia  firet  liept  upon  the 
groiuid  for  a  fortnight  or  Uiree  weelu  at  a  time ;  it  is  then  let  o^  and  the  ground  left 
diy  tor  file  or  aix  dajB  ;  and  this  process  of  altcroatelj  flooding  and  drjiiig  ii  con- 
tinned  natil  the  end  of  Jannaiy,  cu'e  being  taken  to  let  the  water  off  if  &  hard  frost 
interrene.  Ab  (he  spring  adrances  and  tbe  grasses  shoot  forth,  the  penoda  of  watenog 
are  shortened,  bo  that  the  flooding  shsll  not  last  more  than  fonr  or  five  days  consecn- 
(iiely.  In  the  soottera  connties  of  England,  the  meadowB  are  reaclj  for  the  reception 
of  stock  of  all  kinds  in  tbe  middle  of  March  ;  bat  more  towards  the  north,  where 
the  grasses  do  not  make  such  early  progress,  the  flooding  is  generally  continaed  through 
the  whole  month  of  May  :  after  this  it  is  discDUtinued  for  the  season,  and  one  or  more 
Drops  of  hay  are  produced.  Flooding  during  the  months  of  sommer  produces  a  rapid  Mtd 
rich  vegetdttoD  ;  but  it  ii  by  lummei  flooding,  where  it  Is  praoUsed,  that  the  fatal 
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disease  of  rot  Ib  introduced,  so  that  no  sheep  should  ever  enter  the  meadows  which 
have  been  flooded  during  the  summer  months. 

It  is  important  that  the  water  be  removed  from  the  Uuid  as  rapidly  as  possible  after 
the  irrigation  has  been  terminated.  This  removal  of  the  surplus  constitates,  in  fact, 
the  difference  between  water  meadows  and  marshes,  and  too  much  attention  cannot 
be  paid  to  its  attainment. 

To  shut  out  the  waters  from  the  conducting  channels  and  the  feeders  when  the 
flooding  is  suspended,  or  to  raise  them  to  such  an  extent  as  to  cause  them  to  flow  orer 
portions  of  the  fields  they  could  not  reach  naturally,  hatches  or  sluices  are  used. 

The  most  important  of  these  is  the  hatch  placed  at  the  point  where  the  main 
feeder  branches  into  the  stream.  Without  this  the  meadow  might  be  inundated  by 
any  unexpected  freshet :  if  the  latter  should  occur  when  the  crop  is  in  a  forward 
state,  and  if  it  be  charged  with  matter  in  suspension,  serious  Injury  might  ariae  to 
the  crop.  Similar  hatches  must  be  placed  at  the  outfall,  in  order  to  exclude  back- 
currents  ;  but  of  course  these  are  to  be  raised  when  flooding  is  in  operation.  It  is 
also  very  ussful  to  place  hatches  immediately  below  the  points  where  the  secondary 
conductors  take  their  origin,  and  even  occasionally  to  close  the  entrances  of  the 
feeders,  either  by  a  moveable  dam  or  by  merely  placing  a  few  pieces  of  turf  across 
them. 

Hitherto  we  have  confined  out  observations  upon  the  practice  of  irrigation  to  the 
agricultural  region  in  which  wheat  is  the  staple  produce  of  the  zone.  The  same 
remarks  apply  to  the  region  of  the  vine,  fbr  in  it  also  the  application  of  irrigation 
can  only  take  place  upon  meadow  lands.  In  fact,  all  waters  appear  to  hare  a 
tendency  to  develop  the  leaves  of  plants  rather  than  the  fruits  or  grain ;  and  in 
certain  seasons  of  the  year  the  vapour  arising  from  moist  land,  so  far  from  being 
advantageous,  is  positively  iujurious,  especially  when  it  is  accompanied  by  sudden 
depressions  of  the  temperature,  such  as  occur  in  the  later  summer  or  the  early 
autumn,  when  the  fruit  is  ripening.  In  the  vine  district  the  rainy  season  occors 
during  the  epoch  of  the  growth  of  the  plant  when  water  is  necessary  for  its  develop- 
ment, and  although  unquestionably  periods  of  drought  occur  during  which  the  vines 
would  be  much  benefited  by  a  supply  of  water  by  artificial  means,  yet  the  occasions 
for  such  supply  are  so  rare,  as  to  render  it  manifestly  absurd  to  undertake  any 
extensive  works,  or  to  incur  any  great  outlay  for  the  purpose  of  effecting  it.  The 
climate  of  this  region  is,  however,  so  dry,  that  in  order  to  obtain  grass  or  forage,  it 
is  indispensably  necessary  to  form  water  meadows.  Practically,  the  general  prin- 
ciples stated  as  regulating  these  in  the  fourth  agricultural  district  may  be  said  to 
apply  to  those  in  the  third. 

With  respect  to  the  olive  district^  or  the  second,  the  necessity  for  watering  lands 
intended  to  produce  grass  or  to  feed  cattle  is  even  greater  than  in  the  third  and 
fourth,  for  the  simple  reason  that  the  climate  is  hotter  and  drier.  In  this  sone, 
however,  irrigation  has  been  from  time  immemorial  applied  to  the  gardens  and 
pleasure-grounds  in  all  positions  to  which  it  could  be  conveyed.  The  dry,  dear, 
burning  atmosphere  has  rendered  artificial  irrigation  not  only  a  necessity  for  the 
plants,  but  also  a  source  of  luxurious  enjoyment  to  man.  In  such  countries,  where- 
ever  water  can  be  applied,  the  vegetation  assumes  a  degree  of  surpassing  vigour  under 
the  combined  action  of  heat  and  moisture.  All  beyond  the  line  of  irrigation  is  a  mere 
barren  desert,  the  more  frightful  from  its  contrast  to  the  watered  lands.  The  vaUeys 
of  Damascus,  Grenada,  Ilidres,  and  others  situated  like  them  at  the  base  of  snow- 
capped mountains,  are  known  as  widely  as  truth  or  fiction  can  spread  the  tale  of  their 
marvellous  beauty  and  fertility.  However,  confining  ourselves  to  the  mere  practical 
question,  the  same  general  principles  with  respect  to  procuring  water  apply  in  this 
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xone  whicH  apply  in  tbe  othen,  exoepting  that  instead  of  being  allowed  to  flow  over 
the  8ur&ce  as  in  the  case  of  water  meadows,  or  of  rioe  grounds,  to  be  hereafter 
described,  it  is  confined  in  regnlar  channels,  and  produces  its  effects  by  infiltration 
through  the  light  sandy  soils  prevailing  in  these  regions.  Tbe  remark  made  above 
as  to  the  tendency  of  an  excess  of  water  to  develop  beyond  its  proper  limits  the 
leafy  parts  of  plants,  is  even  more  tme  in  the  olive  region  than  in  the  others,  because 
the  excessive  heat  of  the  climate  increases  the  activity  of  the  vegetative  principle. 

The  main  difference  to  be  observed  in  the  irrigation  of  this  particular  district  from 
the  system  employed  upon  the  water  meadows  of  the  two  previously  mentioned  is  that 
the  former  takes  place  principally  by  infiltration,  whilst  the  latter  acts  by  flooding  the 
land,  and  consequently  that  the  water-courses  of  the  former  are  obliged  to  be  kept 
constantly  fulL  Such  a  process  could  only  be  successf ally  carried  out  upon  the  banks 
of  a  running  stream,  fed  by  what  we  may  call  perennial  sources.  B^servoirs  could  be 
of  very  little  use  in  such  positions,  for  the  evident  reason  that  they  could  not  be  made 
of  sufficient  capacity  to  allow  of  a  regular  and  copious  distribution  during  a  lengthened 
period  of  drought.  The  character  of  tbe  husbandry  of  such  districts  naturally  takes 
its  principal  characteristics  from  these  circumstances  ;  and  we  find  that  meadow  lands 
are  rare^  whilst  gardens  and  orchards  are  common.  In  the  latitudes  comprised 
within  the  zone  under  consideration,  the  Indian  com  appears  to  be  the  most  adapted 
to  supply  the  place  of  the  grains  produced  more  northerly. 

The  last  of  the  regions  to  which  irrigation  is  applied  has  been  already  described  as 
that  producing  rice,  which  is  cultivated  to  a  considerable  extent  in  Southern  Europe, 
Asia,  Africa,  and  America,  below  the  46th  degree  of  latitude.  The  rice  is  essentially 
an  aquatic  plant,  and  requires  to  be  constantly  immersed  in  order  to  perfect  its 
development.  It  appears  that  the  quality  of  the  land  upon  which  it  is  raised  is  a 
matter  of  but  little  importance  comparatively  with  that  of  the  waters  ;  and  that  the 
latter  is  by  so  much  the  better  as  it  is  charged  with  the  greater  quantity  of  extra- 
neous matter.  Biver  and  pond  waters  are  the  most  advantageous ;  that  of  springs  is 
the  worst,  because  the  parest  and  coldest,  and  it  should  not  therefore  be  employed 
without  being  exposed  in  shallow  reservoirs  and  mixed  with  animal  manure.  It  is 
usually  calculated  that  it  requires  about  1  foot  cube  of  water  per  minute  per  acre  to 
maintain  a  proper  stream  over  rice  land  of  a  tolerably  permeable  nature. 

In  rice  countries  the  cultivation  is  either  permanent,  or  it  performs  part  of  a 
rotation.  In  the  first  case  the  land  must  be  marshy,  either  from  the  want  of  outfall 
or  from  the  springs  rising  in  it.  In  the  second  case  a  species  of  artificial  irrigation  is 
requisite  for  every  crop  of  rice  to  be  raised. 

Whatever  be  tbe  nature  of  the  ground  to  be  converted  into  rice  lands,  the  first 
condition  requisite  is  that  the  water  be  preserved  continually  in  movement,  and  that 
all  brought  upon  it  be  removed.  A  series  of  plane  surfaces  must  thus  be  formed,  so 
that  no  part  be  allowed  to  remain  dry,  and  that  the  water  be  not  allowed  to  stagnate 
in  any  part.  The  whole  surface  must  therefore  be  levelled ;  and  if  it  be  too  extensive 
for  only  one  such  surface,  it  may  be  divided  into  two  or  more,  provided  that  each  of 
them  be  nearly  horizontal.  The  land  is  then  to  be  ploughed,  and  the  retaining  banks 
are  formed:  of  these  there  are  two  sorts, — firstly,  the  longitudinal  ones,  or  those  in 
the  direction  of  the  stream,  which  are  intended  to  last  as  long  as  the  field  is  laid 
down  in  rice ;  and  secondly,  the  transverse  ones,  which  intercept  the  direction  of 
the  current  in  an  angular  direction,  so  that  when  these  banks  are  completed  the  rice- 
field  is  divided  into  a  series  of  polygons.  The  size  of  these  polygons  is  principally 
regulated  by  tbe  difference  of  the  levels  of  the  planes  of  the  respective  parts  of  the 
field.  In  those  which  have  much  inclination  they  are  numerous,  in  order  to  econo- 
mize the  labour  of  disposing  them  in  horizontal  planes.     Moreover,  their  dimensions 
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are  limited  by  the  ooiudderation  that  the  larger  they  are,  the  greater  probabilitj  fhun 
is  that  the  wind  may  tear  up  the  young  plants  when  they  only  hold  by  a  small  rooi. 
The  quantity  of  water  diipoeable  is  alao  another  conaideration ;  and  lastly,  it  mvafc  be 
borne  in  mind  that  the  increased  nomber  of  banku  occnpies  a  considerable  siirfiMe  of 
yalnable  land. 

It  is  usual  to  make  the  banks  about  6  inches  above  the  ground  on  the  upper  nde, 
and  about  2  feet  on  the  under ;  the  width  is  never  less  than  6  inches  at  the  crowa, 
but  as  the  top  of  the  banks  often  serves  for  a  road  as  well  as  for  the  particular  olgeel 
of  their  formation,  this  may  vary  indefinitely.  They  are  made  with  the  earth  taken 
from  the  lower  parts  of  the  field. 

When  the  banks  are  terminated,  as  indicated  in  the  following  diagram,  the  water 
is  let  into  the  first  division,  and  allowed  to  rise  about  5  inches  all  over  the  snrfiMe. 
Some  openings  are  then  made  in  the  lower  banks,  and  the  water  is  sucoeasiTelj  let 
into  all  of  them ;  so  that  the  rice  ground  becomes  converted,  in  fact,  into  a  snooeMson 
of  small  ponds,  separated  by  the  banks.  This  preliminary  indication  serves  alee  to 
verify  the  levels  of  the  surface,  — all  the  portions  left  dry  requiring  to  be  lowered. 

It  does  not  enter  into  our  province  to  describe  more  fully  the  mode  of  ealtivatiiif 
rice,  further  than  to  say  that  during  the  whole  duration  of  its  growth  it  is  subjeot  to 
irrigation  by  flooding,  in  a  manner  varying  with  the  health  of  the  plenty  the  d^ree  of 


Plan  of  Rice  Grounds. 

maturity,  or  the  violence  of  the  wind.  It  is  therefore  necessary  to  dispose  the 
irrigation  upon  such  principles  as  to  be  able  to  reguUte  its  flow  and  to  shut  it  off 
occasionally.  After  the  crop  has  been  carried,  all  the  water  is  withdrawn,  and  the 
land  is  left  exposed  to  the  action  of  the  atmosphere  throughout  the  winter,  and  until 
the  spring. 

In  many  localities,  both  in  England  and  abroad,  a  peculiar  system  of  irrigation  is 
practised,  which  consists  in  allowing  waters  highly  charged  with  sediment  to  flow 
over  the  land  and  to  deposit  tranquilly  the  matters  they  contain.  This  system  is 
known  in  our  own  country  by  the  name  of  *  warping,*  and  it  is  principally  employed 
upon  the  banks  of  the  Humber :  on  the  Continent  it  prevails  to  some  extent  in  Holland 
and  North  Germany. 

To  resume,  then,  the  different  systems  of  irrigation,  so  far  at  Last  as  they  may  be 
described  in  a  general  and  comprehensive  manner,  they  may  be  gaiU  to  consist  of— 
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1.  Irrigation  by  lerel  channela ;  in  which  the  land  is  disposed  so  ts  to  hare  a 
regular  fitU,  and  the  water  is  conducted  by  means  of  lerel  channels  so  as  to  distribute 
the  water  evenly  over  the  Bur£&oe  in  a  thin  uniform  sheet. 

2.  Irrigation  by  feeders ;  in  which  the  conductors  lead  the  waters  over  the  whole 
surface,  but  with  less  regularity,  owing  to  the  configuration  of  the  soil  requiring  that 
their  direction  and  inclination  be  modified. 

3.  Irrigation  by  stages ;  in  which  the  ground  is  laid  out  in  a  succession  of  level 
planes,  over  which  the  water  is  consecutively  distributed. 

4.  Irrigation  by  flooding ;  in  which  the  water  is  let  upon  the  land  without  any 
previous  levelling  of  the  surface,  and  in  which  great  inequalities  are  allowed  to  exist 
in  the  depth  of  the  water  and  its  rate  of  flow. 

5.  Irrigation  by  infiltration ;  in  which  the  water  is  allowed  to  permeate  the  land 
through  the  banks  of  the  channels  or  the  ponds  in  which  it  is  confined. 

6.  Irrigation  by  rain-waters  stored  either  in  reservoirs  at  the  gorges  of  valleys,  or  in 
channels  so  constructed  upon  a  hill-side  as  to  retain  the  winter-rains. 

7.  Irrigation  for  the  purpose  of  retaining  the  matters  in  suspension  in  the  waters. 

JDescription  of  the  Works  required  to  carry  out  a  system  of  Irrigation, 
There  are  few  branches  of  Engineering  which  require  more  skill  than  the  one  under 

consideration,  especially  in  countries  where  water  is  valuable. 

Of  the  different  kinds  of  channels  necessary  to  carry  out  a  system  of  irrigation  our 

attention  may  be  confined  to  the  following : 

1.  The  leading  ehannel,  or  conductor ; 

2.  The  secondary  channels ; 
8.  The  feeders; 

4.  The  discharging  channels ;  and 

5,  The  channels  used  for  irrigation  and  navigation. 

1 .  The  leading  channels  are  placed  directly  upon  the  banks  of  a  stream  or  a  river 
with  which  they  communicate  by  means  of  works  whose  nature  depends  upon  the 
character  of  the  source  and  the  quantity  of  land  to  be  irrigated.  They  usually 
consist  of  two  distinct  parts,  one  lying  between  the  point  of  junction  and  the  first 
point  to  be  irrigated ;  the  second  comprises  the  remaining  part  of  the  conductor 
with  all  its  ramifications.  The  first  part  only  serves  as  a  leading  channel,  and 
inasmuch  as  it  does  not  give  off  any  water  laterally,  it  retains  a  uniform  depth  and 
section.  The  second  part,  containing  numerous  branches,  has  a  width  varying  suc- 
cessively according  to  the  consumption  of  water  by  the  subsidiary  channels.  Great 
care  is  requisite  in  settling  the  conditions  of  this  main  conductor,  especially  when  the 
volume  of  the  river  is  likely  to  be  affected  by  droughts,  in  order  to  secure  an  efficient 
supply  in  such  seasons. 

2.  The  secondary  channels  bear  the  same  relation  to  the  main  channel  which  this 
does  to  the  river  from  which  the  supply  is  derived,  and  they  should  be  formed  upon 
the  higher  portions  of  the  land  to  be  irrigated.  Their  use  is  principally  to  distribute 
the  waters  over  the  remoter  portions  of  the  district. 

3.  The  feeders  are  principally  designed  for  the  purpose  of  distributing  the  waters 
brought  down  by  the  channels,  pi-eviously  described,  over  the  whole  surfiice  of  the 
stages  or  planes. 

4.  The  discharging  channels  are  formed  in  the  lower  parts  of  the  land  to  be 
irrigated,  for  the  purpose  of  receiving  the  waters  after  they  have  flowed  over  the  land, 
and  to  receive  the  quantity  which  may  be  in  excess  of  that  required  fur  the  particular 
object  of  the  irrigation. 

5.  The  channelsi  or  perhaps,  more  correctly  speaking,  the  canals,  used  simultA- 
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neously  for  irrigation  and  naTigatlon,  might  be  rendered  a  loarce  of  immenne  increase 
to  the  national  wealth  in  many  caseB,  by  employing  the  water  to  the  greatest  possible 
extent ;  and,  as  it  might  also  be  made  to  serve  as  a  motire  power,  it  might  thus  be 
rendered  triply  produotiye.  The  essential  difference  between  this  class  of  canal  and 
the  ordinary  navigable  ones  consists  in  the  form  of  the  locks,  which,  in  addition  to 
the  usual  chamber  for  the  passage  of  the  boats,  have  a  sluice  so  arranged  as  to  supplj 
for  the  purposes  of  irrigation  the  quantity  of  water  required  without  interfering  with 
the  movement  of  the  navigation.  The  flow  of  the  water  over  these  sluices  is  aome« 
timea  employed  also  as  a  motive  power,  in  which  cases  the  tail  bays  require  to  be  so 
placed  %s  to  allow  the  water  to  return  into  the  main  channeL 

One  of  the  most  remarkable  instances  of  the  adaptation  of  an  artificial  water-course 
to  the  three  uses  of  navigation,  irrigation,  and  mill- work,  is  to  be  found  in  the  canal 
of  Pavia.  In  the  upper  portions  the  rate  of  flow  is  somewhat  great,  yet  the  up  traffic 
from  Milan  to  Pavia  is  effected  at  the  rate  of  rather  more  than  three  leagues 
(8i  miles)  per  hour.  The  only  defect  which  appears  to  exist  in  this  canal  arises  from 
its  having  been  formed  in  a  stratum  of  permeable  gravel,  and  that  serious  filtration! 
take  place.  Nevertheless,  this  canal,  with  an  average  volume  of  245  to  250  feet 
cubic  per  second,  serves  to  support  a  very  active  navigation,  to  irrigate  a  large  district, 
and  to  drive  numerous  mills ;  whilst  many  natural  rivers  of  much  greater  volume, 
owing  to  the  irregularities  of  their  IkmIs,  are  not  capable  of  supplying  either  of  these 
sources  of  employment. 

The  first  operation  to  be  performed  before  commencing  any  large  work  of  irrigation 
is  to  ascertain  whether  the  land  is  near  a  water-course  with  considerable  fall,  and 
retaining  in  summer  a  sufficient  discharge  to  insure  the  constant  supply  of  the 
quantity  required  :  secondly,  to  ascertain  whether  a  sufficiently  large  surface  of  level, 
or  nearly  level,  land  exists,  which,  however,  must  combine  such  conditions  of  trans- 
verse section  as  to  allow  the  water  to  be  removed  freely  after  it  shall  have  performed 
its  functions,  without  its  being  necessary  to  execute  any  very  expensive  works.  The 
extent  of  the  surface  thus  to  be  irrigated  is  indeed  one  of  the  most  important  con- 
siderations, because  upon  it  will  depend  the  dimensions  to  be  given  to  the  channel 
and  the  conditions  of  supply  from  the  stream.  The  most  favourable  region  for  the 
establishment  of  irrigations  appears  to  be  near  the  feet  of  mountain  chains,  where  the 
inclination,  and  the  supply  of  water,  are  constant. 

When  these  conditions  are  ascertained  to  be  satisfactorily  solved,  it  would  be 
advisable,  if  possible,  to  take  a  contour  map  of  the  district,  or  at  least  to  run  as  many 
longitudinal  and  transverse  sections  as  possible.  Upon  the  map  so  laid  down  the  system 
is  to  be  arranged, ^-observing  that,  in  so  far  as  the  direction  of  the  main  channel  is 
concerned,  the  shortest  line  is  to  be  preferred,  unless  the  expense  of  the  earth-works 
bridges,  maintenance,  &c.  be  such  as  to  justify  a  deviation.  If,  however,  the  source 
of  supply  be  in  a  river  whose  sammer  level  is  exposed  to  variations,  it  may  frequently 
happen  that  it  would  be  desirable  to  give  considerable  length  to  the  conductor,  for 
the  purpose  of  insuring  a  regular  supply.  As  soon  as  the  principal  directions  of  the 
important  works  are  thus  settled,  the  ground  must  be  levelled  in  the  direction  of  the 
main  axis,  and  a  sufficient  number  of  cross  sections  must  be  taken  to  allow  of  its  being 
afterwards  diverted,  should  such  a  course  be  found  necessary. 

Jnclinations.  —  Jn  stating,  as  we  did  above,  that  the  inclination  of  the  conductor  and 
feeders  should  be  about  1  in  500,  it  must  be  understood  that  the  rule  only  holds  good 
in  the  region  then  under  notice.  The  question  of  inclination  is  really  a  very  compli- 
cated one,  and  far  removed  from  these  simple  appreciations. 

For  instance,  in  navigable  canals  the  difference  of  level  between  the  extreme  points 
is  for  the  most  part  overcome  by  locks  ;  and  as  the  lock-chambers,  under  any  circiun- 
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sianoeB,  are  filled  by  the  water  flowiDg  througH  the  Blnioes  under  a  hea^y  preasnre, 
a  fall  between  a  eet  of  locks  wonld  only  impede  the  aacending  nayigation  without 
producing  any  good  result  A  fall  of  from  10  to  12  in  10,000  is  then  the  extreme 
of  all  that  should  be  admitted  in  snch  works.  In  the  main  conductors  for  a  system 
of  irrigation  this  rule  requires  to  be  modified,  fur  as  the  land  must  reoeiye  a  certain 
definite  quantity,  the  fall  and  dimensions  of  the  canal  must  be  modified  accordingly. 
The  maintenance  of  the  banks  of  the  canal  is  most  faronrably  effected  when  the  rate 
of  flow  is  moderate  ;  and,  as  a  further  general  remark,  we  may  obserre,  that  if  the 
water  be  intended  to  be  used  as  a  motive  power,  there  exists  an  additional  reaaon  for 
rendering  the  fall  as  slight  as  possible  between  separate  portions  of  the  course,  and  for 
oyercoming  the  difference  between  the  extreme  points  by  means  of  mill-dams.  There 
is,  howerer,  a  limit  in  this  direction,  beyond  which  it  becomes  dangerous  to  diminish 
the  rate  of  inclination  ;  for  should  the  river  from  which  the  supply  is  derived  bring 
down  much  matter  in  suspension,  a  canal  with  a  feeble  inclination  wonld  be  exposed 
to  become  silted  up  very  rapidly.  All  these  conditions  again  may  be  modified 
by  the  nature  of  the  strata  traversed ;  for  if  they  should  be  of  a  description  to 
retard  the  flow  of  the  water,  they  may  frequently  require  that  the  inclination 
be  augmented. 

In  most  countries  certain  rules  prevail  in  these  matters,  which  appear  to  be 
founded  upon  local  experience  without  much  reference  to  logical  principles. 
Yitruvius  recommends  that  in  water-courses  an  inclination  of  about  55  in  10,000  be 
given.  Scamozzi  and  Alberti  indicate  one-half  the  above  as  being  the  best ;  whilst 
in  the  sixteenth  and  seventeenth  centuries  the  hydraulic  engineers  of  Lombardy 
adopted  inclinations  varying  from  ^  to  ^J^  :  at  the  present  day  the  inclinations 
given  in  that  country  are  even  less  than  those  last  cited,  for  the  waters  are  usually 
sufficiently  clear  to  obviate  any  danger  upon  the  score  of  the  silting  up  of  the  chan- 
nels. In  mountainous  countries,  again,  we  find  that  the  inclinations  are  greater  than 
in  plains,  because  in  such  cases  there  is  less  occasion  to  economise  the  water. 

The  following  are  the  inclinations  of  some  of  the  principal  canals,  either  for  irrigation, 
or  for  navigation  combined  with  irrigation,  in  France  and  Italy  : 

In    the    upper  valleys    of   the  Alps,    Switzerland,    Savoy,    Tyrol,   the 

Dauphin6,  and  in  the  valleys  of  the  Pyrenees iJq 

Average  inclination  in  the  Is^re,  Drome,  kc •  pir 

Canal  des  Alpines  (ancient  southern  branch) ^ 

Do.         do.            (modem  northern  branch) j^ 

Do.      de  Marseille,  modem,  rarying  from  .        .        ^  to  ^{j^  and  ^ 

Canale  di  Caluso,  in  the  province  of  Ivr6e,  in  Piedmont    •         •        •         •  us 

Do.  of  the  Sessia,  left  bank j/g 

Do.  of  the  Ticino,  right  bank ^g 

Modem  canals  executed  by  indivlduahi    .......  ^ia 

Canals  for  Irrigation  and  Navigation, 

Naviglio  Grande,  Milan No.  1.     ,)j 

Do.  do.  do No.  2.     jJ^ 

Do.  do.  do No.  3.     j^ 

Canale  di  Berguado ^^ 

Do.       di  Pavia ^ 

Do.      della  Martesana ^^ 

Do.       della  Muzza ^ 

Private  Canals  recently  executed,  from ^  to  ^ 

It  appears  from  this,  that  in  mountainouB  countries,  hardly  any  limit  can  be  said 
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to  eziBt  for  the  inclination  of  the  irrigation  channels ;  bnt  when  it  exceeds  ^  the 
fall  muBt  be  regulated  by  a  series  of  cascades  or  dams,  for  there  are  rery  few  soils  able 
to  resist  the  denuding  action  of  currents  running  with  the  yelocity  of  such  streams. 
The  inclination  which  appears  to  be  the  most  adapted  to  the  waters  of  La  Proyenoe^ 
containing  much  matter  in  suspension,  ranges  between  ^qJoq  and  ^^^  In  Italy, 
on  the  other  hand,  where  the  waters  are  comparatirely  clear,  the  inclination  giren  to 
the  modem  works  of  this  nature  is  considerably  less  than  that  formerly  judged  to  be 
indispensable. 

We  may  assume  in  practice,  that  in  mountainous  districts  the  inclination  should 
be  about  2^;  that  in  plains,  the  channels  exdusifely  devoted  to  the  purposes  of 
irrigation  should  be  from  j^  to  2^,  whilst  if  they  be  designed  for  navigation,  as 
well  as  for  irrigation,  the  limits  must  range  from  about  j^  to  gj|g.  In  the  latter 
description  of  canals,  the  determining  reason  for  the  rate  of  inclination  will  often  be 
found  in  the  direction  of  the  traffic  If  it  be  in  the  direction  of  the  stream,  there 
may  be  no  objection  to  adopting  even  so  great  an  inclination  as  j^  whilst  if  it  be 
upwards  or  against  the  stream,  the  rate  of  fall  must  never  exceed  from  ^^  to  ^^ 
at  the  utmost.  Even  the  more  favourable  of  these  is,  however,  of  a  nature  to  cause 
an  obstruction  to  the  navigation. 

The  subsidiary  channels  and  feeders  may  have  rates  of  inclination  greater  thaa 
those  cited  above,  because,  their  object  being  to  distribute  the  water  over  the  ground, 
it  is  necessary  that  they  be  arranged  so  as  to  allow  of  its  flowing  off  as  rapidly  as 
would  be  consistent  with  the  condition  of  not  furrowing  the  subsoil.  In  the  opera- 
tion of  '  warping,'  however,  the  leading  channels  must  be  made  with  a  very  rapid 
inclination.  In  this  case  it  is  desirable  to  lead  the  waters  containing  matter  in  suspen- 
sion upon  low-lands,  so  that  the  deposit  may  take  place  upon  them. 

Section  of  Feecler. — From  the  considerations  alluded  to  in  the  former  part  of  this 
article,  it  must  be  evident  that  the  dimensions  of  the  feeders  must  be  regulated  by  an 
infinite  variety  of  circumstances,  either  arising  from  the  general  inclination  of  the 
ground,  or  from  the  nature  of  the  soil  to  be  irrigated.  Stated  in  general  tenns,  how- 
ever, the  problem  to  be  solved  may  be  thus  expressed— ''Given  the  quantity  of 
water  to  be  supplied,  and  the  rate  of  inclination,  to  determine  the  section." 

The  French  and  Italian  Engineers  have  invariably  adopted  Eytelwein*s  formula,  to 
ascertain  this  section,  which  is  as  follows : 

D  COS.  4>= 0-00717  —  +  0-000024  u ; 

D  representing  the  product  of  the  section  of  the  water-course  by  the  wet  oontour ; 

cos.  ^,  the  cosine  of  the  angle  formed  by  the  inclination  of  the  bed  from  the 
vertical ; 

^,  the  accelerating  force  of  gravity  ; 

Uf  the  mean  velocity. 

This  formula  will  suffice  for  almost  all  the  cases  which  can  arise  in  practice ;  for 
although  in  it  the  width  only  is  sought,  yet  as  in  most  cases  the  height  is  given,  the 
width  is  in  fact  the  only  unknown  element.    We  may  in  some  cases  substitute  the 

h  X 
expression D  =       o   .jt  in  which  A=tho  height,*  and  x,  the  width  sought;   and 

Q 
tt  =  r-,  in  which  Q=the  volume  to  be  discharged. 


*  It  U  to  be  observed,  that  in  all  canals  intended  for  the  double  purpcMe  of  irrigatiun  and 
navigation,  the  depth  is  neoeesarily  fixed  by  tiie  dimenaiona  of  the  boata  employed. 
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The  formuU  beoomM  after  theie  sabBtitotioni,  and,  m  in  the  preeeding  eaie,  lup- 
poeing  the  moTement  to  be  uniform, 

Co8.^*^-^a:t-(~f,4.-^)a:--^~4  6Q=0, 

a  =s 0*007 17,  and  &=0'000024:  these  are  introduced  to  aroid  oonfasion  in  writing 
the  equation. 

A  much  more  conrenient  formula  Ib,  howoTer,  giren  by  Tadini,  and  adopted  by 
Nadault  de  Buffon.    It  ii, 

0-0004  Q*=co8.  4>  P  A»;  or  Q=60  I  h  y/hcm.4>. 

In  this,  the  inclination  is  represented,  as  before,  by  cos.  ^ ;  Z==the  mean  width  of 
the  channel ;  A=the  height;  and  Q=:the  quantity  to  be  discharged  per  second. 

In  arranging  the  dimensions  of  the  feeder,  howeyer,  it  must  not  be  forgotten,  that 
there  are  numerous  causes  in  operation  by  which  the  effective  quantity  of  water  distri- 
buted over  the  land  is  diminished  :  amongst  the  principal  may  be  cited  the  loss  arising 
from  evaporation  and  filtration,  and  tbat  arising  from  the  defective  state  of  the 
sluioes  or  other  works.  In  the  Milanese,  where  the  canals  are  formed  in  an  illuvial 
soil,  resting  upon  beds  of  sand  and  gravel,  and  where,  from  the  warmth  of  the  climate, 
the  evaporation  must  be  great,  the  loss  from  these  causes  has  been  ascertained  to  be 
about  15  per  cent.     (See  article  'River  and  Inland  Navigation.') 

In  warm  climates  an  additional  allowance  is  required  to  be  made  to  compensate 
for  the  extraordinary  rapidity  with  which  the  aquatic  plants  increase.  Indeed,  in 
Italy,  notwithstanding  the  legal  obligation  to  cut  them  twice  in  the  season,  it  is  often 
found  that  in  the  latter  parts  of  the  summer,  at  l^ast  half  the  section  of  the  canal  is 
occupied  by  them.  The  peculiar  growth  of  the  fresh-water  algsd  in  long  festoons  also 
appears  to  influence  the  flow  of  the  water  to  a  greater  extent  than  the  space  occupied 
would  account  for.  In  Lombardy  the  augmentation  of  the  section  required  to  obviate 
this  inconvenience  is  sometimes  as  much  as  from  ^  to  J  of  the  normal  section ;  but,  of 
eourse,  no  absolute  rule  can  be  assigned. 

In  England  it  is  rarely  necessary  to  measure  the  quantity  of  water  distributed  to 
the  different  landowners,  but  in  warmer  climates  this  becomes  a  matter  of  vital 
importance  in  the  eoonomieal  results  of  irrigation.  We  shall  have  occasion  to  revert  to 
this  question  of  gauges,  but  in  the  mean  time  it  may  suffice  to  observe  that  their  esta- 
blishment requires  that  the  minimum  height  of  the  channel  be  fixed  at  three  feet.  In 
practice,  the  Italian  engineers  make  the  mean  widths  of  the  canals  one  and  a  half 
times  the  depth,  unless  there  be  some  exceptional  conditions  in  the  particular  case. 

The  land  springs  met  with  in  forming  the  different  channels  may  very  frequently 
become  of  great  importance,  and  they  should  therefore  be  diverted  to  the  purposes 
of  irrigation  on  all  occasions  upon  which  they  may  be  found  to  be  of  a  temperature 
and  of  a  compositbn  suitable  for  the  purpose. 

The  rules  above  given  for  the  calculation  of  the  dimensions  of  the  feeders  are  only 
applicable  for  those  portions  of  the  length  within  which  no  distribution  takes  place  : 
as  the  smaller  distributing  channels  draw  off  the  water,  it  must  be  evident  that  the 
dimensions  of  the  main  channel  should  decrease. 

When  the  main  channel  is  designed  for  the  purposes  of  navigation  conjointly  with 
irrigation,  the  section  must  be  modified  so  as  to  insure  the  volume  of  water  necessary 
for  the  two  services  :  in  such  cases  it  is  indispensable  to  provide  a  sufficient  quantity 
to  compensate  for  the  lockage,  in  addition  to  that  distributed  upon  the  land,  and  this 
quantity  will  be  ascertained  in  the  manner  employed  in  similar  calculations  for  canals. 
The  Naviglio  Ghrande,  and  the  Martesana,  in  the  Milanese,  present  a  peculiar  arrange- 
ment, which,  however,  may  often  recur,  vii.  the  canals  terminate  in  a  basin  which 
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receivei  tbe  lockage  water  of  the  upper  reaches,  and  the  diatribation  for  irrigation 
and  for  millB  takes  place  from  the  basin.  Evidently,  in  these  cases,  the  aeetion  of  the 
irrigation  channel  is  to  bo  calculated  upon  the  principles  alreadj  described. 

The  discharging  channels  perform  a  part  in  the  irrigation  of  a  district  preciselj  the 
reverse  to  that  of  the  feeders,  and  their  sections  must  therefore  be  aLw  preciselj  in  a 
different  proportion. 

OtKer  Conditions. — In  setlmg  out  the  main  channels,  it  is  important  to  make  the 
radios  of  curvature  of  the  changes  of  direction  as  large  as  possible,  to  avoid  anj 
interference  with  the  discharge,  or  any  destructive  action  upon  the  banks.  It  should 
never  be  less  than  from  100  to  150  yards  in  the  most  unfavourable  positions. 

The  height  of  the  banks  above  the  water-line  need  not  necessarily  be  more  than 
from  six  to  eight  inches  when  the  supply  is  constant.  The  rapid  growth  of  aquatic 
plants,  however,  renders  it  advisable  to  augment  this  dimension  to  about  from  19  to 
18  inches.  When  the  canal  is  also  to  be  navigated,  it  is  advisable  to  increase  this 
height^  in  order  to  guard  against  the  wave  of  displacement  occasioned  by  the  boat. 

In  fixing  the  slope  of  the  banks,  the  twofold  object  of  economy  in  the  first  iift^n^^ 
and  of  the  minimum  outlay  fur  maintenance  in  the  second,  is  to  be  observed.  When 
the  channel  is  cut  in  a  hard  retentive  rock,  it  must  be  evident  that  the  proper  section 
is  one  approaching  a  rectangle.  In  any  other  kind  of  soil  the  angle  of  inclination  of 
the  banks  must  vary  with  the  degree  of  its  powers  of  resistance. 

The  reader  is  referred  to  the  article  upon  '  River  and  Inland  Navigation  *  for  the 
other  details  respecting  the  earth-works  connected  with  canals,  which  apply  equally 
to  those  for  the  purpose  of  irrigation  as  for  navigation. 

It  is  advisable  to  form  a  pathway  on  the  two  sides  of  the  main  channel,  to  allow  of 
its  being  visited,  and  of  the  deposition  of  the  mud,  &c.  withdrawn  from  the  bed  at  the 
regular  periods  of  cleansing.  These  pathways  should  be  made  with  a  width  of  horn 
2  to  3  feet.  The  operation  of  cleansing,  to  which  we  have  alluded,  is  not  one  of  great 
importance  in  England, — at  least  comparatively;  but  in  Southern  Europe  it  inquires 
to  be  executed  at  least  twice  a  year,  and  daring  the  whole  period  of  its  execution  it 
has  been  found  advisable  to  run  off  all  the  water  from  the  channels.  It  therefore 
becomes  necessary,  in  similar  positions,  to  construct  such  lock-gates  or  sluices  as  to 
allow  of  diverting  the  stream. 

Retervoirt.— When  the  flood -waters  stored  in  reservoirs  are  to  be  employed  for 
irrigation,  the  determination  of  the  dimension  of  the  sluices  and  the  form  of  the 
channel,  require  considerable  care.  The  discharge  by  any  opening  is  liable  to  so  much 
uncertainty,  even  when  the  conditions  of  the  head  remain  constant,  that  very  little 
reliance  can  be  placed  upon  the  accuracy  of  the  formulae  universally  adopted  to  ascer- 
tain it.  As  the  level  of  the  water  in  a  reservoir  must  necessarily  vary,  an  additioiud 
and  very  serious  complication  is  introduced.  Without,  therefore,  pretending  to  lay 
down  any  absolate  rule,  it  appears  that  the  wisest  course  to  adopt  would  be  to  calcu- 
late the  dimensions  of  the  opening,  upon  the  supposition  of  the  least  possible  head, 
because  by  merely  lowering  the  sluice  the  opening  can  be  contracted.  In  many 
cases  the  self-acting  sluices  used  ujmu  the  Greenock  Water- works  might  be  advan- 
tageously employed. 

In  calculating  the  quantity  discharged  by  an  orifice,  the  usual  formula  is  given  by 
Navier  as  follows  :— 

Q  =  toS  V2^H"; 

in  which  S  =  the  area  of  orifice  ;  Q  =  the  quantity  ;  m  «»  the  ooeflSdent  of  oontrac- 
tion  ;  ^  =  the  velocity  impressed  upon  a  falling  body  at  the  end  of  the  first  aeoond  of 
its  fall ;  H  -  the  height  of  head  upon  the  centre  of  the  opening.     The  Talae  of  m, 
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for  »  nngle  doioa^  maj  be  taken  »fc  0*625  if  near  the  bottom  ;  when  tbere  are  two 
slaioee  near  one  another,  m  beoomea  =  0*555.  The  distorbing  effect  of  two  alaioea 
is  perceptible  when  they  are  eyen  so  mnch  as  10  feet  apart. 

Should  the  water  in  the  reterroir  arriye  with  any  Telocity  at  the  opening^  the 
formnla  becomes 


in  which  u  ~  the  Telocity  of  the  water  leaTing  the  reeenroir. 
If  the  outer  opening  of  the  sluice  be  submerged,  it  becomes 


Q  =  mS  V2^(H- A); 

in  which  h  =  the  head  upon  the  outside,  supposiDg  the  water  to  hare  no  initial 
Telocity  :  of  course,  should  this  exist,  it  must  be  taken  into  account  as  before. 

The  construction  of  the  reserToira  themselves  has  been  already  alluded  to,  and 
indeed  it  is  in  all  cases  precisely  analogous  to  that  of  canal  reservoirs  described  in  the 
article  upon  *  River  and  Inland  Navigation.* 

In  addition  to  the  formula  previously  given  for  the  [purpose  of  ascertaining  the 
dimensions  of  the  works,  the  following  may  be  found  convenient  in  practice.  For 
regular  channels,  in  which  the  inclination,  sectional  area,  and  wet  contour  can  bo 
easily  ascertained,  the  volume  may  be  found  by  the  aid  of  the  formula. 

Q  =  S  (  ,^2738  ^^^  -  00332) 

in  which  the  same  notation  is  observed  as  before,  and  e  =  the  wet  contour  in  yards. 
In  small  streams,  the  most  accurate  mode  of  gauging  appears  to  be  by  creating  a 
reach  of  still  water,  and  allowing  it  to  flow  over  a  notch- board  as  soon  as  the  velocity 
has  been  checked.     The  formula  for  calculating  the  quantity  becomes 


Q=mLHV2^H, 

in  which  L  » the  length  of  the  notch ;  H  » the  height  of  the  mean  level  of  the 
reservoir  above  the  bottom  of  the  notch ;  m  is  a  coefficient  which  is  usually  taken  at 
0-405. 

To  ascertain  the  velocity  of  a  stream  many  systems  have  been  employed,  but  the 
most  satisfactory  appears  to  be  the  hydrometric  mill  of  Wattmann,  represented  in 
most  works  on  hydraulics.  The  mean  velocity  is  calculated  from  the  partial  velocities, 
thus  obtained  by  the  formuls  given  in  page  259,  article  '  River  Navigation.* 

Qauget. — In  England,  the  supply  of  water,  as  said  before,  is  usually  so  copious  in 
all  the  valleys  where  irrigation  is  carried  into  effect,  that  the  quantity  distributed  to 
any  proportion  of  the  laud  ceases  to  be  worthy  of  calculation.  In  warmer  climates, 
or  when  the  preliminary  expense  of  procuring  the  water  has  been  considerable,  the 
economical  value  becomes,  however,  so  much  enhanced  that  it  is  a  matter  of  primary 
importance  to  ascertain  the  quantity  distributed  to  the  respective  recipients.  There 
are,  indeed,  few  oountries  so  favourably  situated  as  to  dispense  with  these  means 
of  regulating  the  distribution  ;  and  it  may  be  taken  as  an  axiom,  that  in  dry  climates 
no  distribution  of  irrigation  waters  should  take  place  without  the  intervention  of  a 
complete  system  of  gauging.  The  question  has  been  most  carefully  studied  by  the 
Engineers  of  Northern  Italy ;  some  of  the  gauges  employed  by  them  are  described 
below,  and  by  Colonel  Baird  Smith  in  his  work  on  '  Italian  Irrigation.' 

The  investigations  of  the  Italian  Engineers  connected  with  the  subject  of  gauges 
have  led  to  the  establishment  of  some  laws  of  hydrodynamics  of  the  highest  interest. 
Thus,  it  was  ascertained  that  in  a  vase  divided  into  two  portions  by  a  diaphragm, 
susceptible  of  being  moved  vertically  and  with  a  discharging  orifice  on  one  side,  a 
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coustant  difference  of  level  existed  ;  and  that  this  difference  was  greater  in  proportion 
as  the  opening  of  the  diaphragm  was  less,  oompared  to  that  of  the  orifice  (see  fig.  9). 

If,  instead  of  preserTing  in  the  vase  a  uniform  level,  it  were  allowed  to  vary  in  either 
direction,  the  corresponding  variations  of  the  two  sides  of  the  diaphragm  continued 
to  be  always  proportional  with  the  respective  differences  of  level  first  established. 
That  is  to  say,  if  the  relative  heights  were  originally  as  3  to  1,  a  rise  of  30  inches  in 
the  first  vase  would  only  cause  a  rise  of  10  inches  in  the  second. 

This  principle  is  not  modified  by  the  introduction  of  two  or  more  diaphragms,  as 
in  fig.  10.  The  same  ratio  is  observed  between  the  variations  of  level  and  the  primi- 
tive heights  of  the  water  in  the  first  and  last  compartment,  notwithstanding  the 
addition  of  any  number  of  diaphragms,  which,  in  fact,  should  only  count  for  one. 

Fig.  9.  Fig.  10. 
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Now,  if  we  suppose  that  the  first  portion  of  the  reservoir  be  a  canal  and  the 
diaphragm  a  sluice,  and  the  distributing  channel  perform  the  functions  of  the  orifice, 
it  may  easily  be  perceived  that  it  is  possible,  by  means  of  this  sluice,  to  maintain  the 

Fig.  11. 


constant  head  above  the  orifice  which  is  necessary  to  insure  the  regularity  of  the 
flow.  By  simply  raising  or  depressing  it  the  requisite  conditions  are  obtained,  and 
it  would  be  possible  so  to  construct  the  sluice  that  it  should  be  self-regulating.  At 
any  rate,  inasmuch  as  it  is  found  that  the  level  of  the  upper  reservoir  may  vary  con- 
siderably without  seriously  affecting  that  of  the  intermediate  one,  for  most  praetioal 
purposes,  a  gauge  established  upon  the  above  principles,  with  a  sluice  moved  by  hand, 
may  be  considered  as  sufficiently  accurate. 

The  gauge  used  in  the  Milanese  canals  is  the  most  in  accordance  with  the  principlet 
above  stated,  and  as  it  were  much  to  be  desired  that  its  use  should  be  extended  in  all 


Fig.  12. 


cases  where  irrigation  is  employed, 
a  description  of  it  is  subjoined. 

The  unity  adopted  in  the  mea- 
surement of  water  is  called  aa 
ounce,  ^Voncia  cTaequei,*  and  is 
the  quantity  which  flows  through 
a  rectangular  orifice  8  inches  high 
and  6  inches  wide,  under  a  eon* 
stant  pressure  of  4  inches  aboTe 
the  orifice,  as  in  fig.  12. 


When  t  is  desired  to  distribute  a  hu^er  quantity  than  a  single  ounosb  the  width 
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only  if  modified  :  all  the  other  conditions  are  e&refollj  maintained,  so  that  the  head 
neyer  exoeeds  4  inches.  The  orifices  of  discharge  are  formed  of  stone,  which  is 
seleeted  of  the  har^t  nature  that  can  be  procured  :  occasionally  also  the  margin  is 
formed  of  wrought  or  cast  iron.  They  are  cut  square,  without  any  bevel,  or  the 
addition  of  any  funnel  capable  of  facilitating  the  discharge.  There  are  no  prescrip- 
tions with  respect  to  the  thickness,  which  depends  necessarily  upon  the  length  of  the 
orifice  ;  and  this  latter  consideration  also  has  led  to  the  custom  of  not  making  the 
orifices  larger  than  for  six  ounces  each  ;  when  a  greater  quantity  of  water  is  to  be 
supplied,  the  number  of  the  orifices  alone  is  augmented. 


Pig.  13. 


Orifice  for  12  ouncoa. 


Orifico  for  27  onncei*. 
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The  conductor  is  formed  upon  the  banks  of  the  canal  by  means  of  wiog- walls  of 
masonry,  and  the  sill  is  usually  placed  at  the  bottom  line.  If  the  ground  be  suscep- 
tible of  being  carried  away,  the  portion  exposed  to  the  wash  of  the  water  is  to  be 
payed.  The  opening  a  6,  fig.  15,  of  the  conductor  is  made  equal  in  width  to  the 
orifice  of  discharge,  p  q,  but  the  height  is  not  limited. 

Fig.  14. 


Fig.  15. 


In  such  canals  as  have  a  constant  flow,  it  is  usual  to  place  a  stop  upon  the  sluice, 
but  in  those  exposed  to  variations  of  volume  the  stop  would  be  more  likely  to  be 
prejudicial  than  to  be  of  use. 

The  rectangular  space  c  c,  dd^  fig.  15,  is  made  about  20  feet  in  length,  and  10  inches 
on  each  side  wider  than  the  orifice.  The  bottom  is  laid  with  an  incline  of  16  inches 
in  the  length,  rising  towards  the  orifice,  gh.  At  the  level  cd  {ia  fig.  14)  is  a 
flooring,  placed  for  the  double  purpose  of  preventing  the  water  from  rising  beyond 
the  prescribed  height  and  to  control  any  movement  or  agitation  on  its  surface.  The 
entry  of  this  covered  portion  of  the  gauge  is  formed  by  a  stone  lintel,  the  under-side 
or  which  is  exactly  level  with  the  top  of  the  orifice,  and  consequently  4  inches  below 
the  surface  of  the  water.  As  the  height  of  the  orifice  is  always  8  inches,  and  the 
inclined  plane  16  inches,  the  under-side  of  this  lintel  is  consequently  2  feet  above  the 
sill  of  the  sluice.  A  small  space  is  left  between  the  sluice  and  the  covered  chamber, 
for  the  purpose  of  verifying  whether  the  requisite  head  of  water  exists  upon  the 
orifice. 
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ImmediBtelj  be;onrL  the  oriflM  >*  ths  Uil  ahamber,  wbioh  ti  vu4«  i  ini^M  on 
well  side  wider  tiita  tba  opeuiag  ;  iti  length  U  uaallj  18  fnt,  and  >t  Os  fhrther 
exlremit;  it>  width  u  nude  6  iache*  on  each  lide  wider  than  at  Ui«  oommencaiiMDt ; 
or,  in  all,  it  ia  20  iHchee  wider  than  the  orifiee,  A  imkU  drip  of  2  ioche*  ii  formed 
at  the  commenciemeiit  ot  the  tail  baf ,  and  aa  mclin«Uoa  of  2  inohei  ia  giien  from 
thie  to  the  extnmitj,  tu  oc  km,  figa.  14  and  IS. 

Gangea  of  tbU  deacription  reqaire  a  minimum  difieteDoe  of  B  inchM  between  tti« 
lerel  of  the  water  in  the  canal  and  the  ooDBtaot  hrel  of  the  water  in  the  covered 
ebamber.  Tbej  can,  therefore,  on);  be  fixed  upon  etuJa  with  »  depth  of  about 
3  feet.  In  eiecntion,  the  longitudinal  dimenaiona  are  not  rigorosal}  enforoad  ;  bat 
the  width,  and  oearljalvaja  Uie  iDclinationi  and  the  relative  hMgliti  of  the  openings, 
are  eiecated  in  oiact  accordaaoe  with  tbose  above  deacribed. 

The  gange  we  are  conaiderinr,  although  unqneatiooablj  the  moat  perfeot  hitherto 
emplojed,  ii  atiU  far  from  falblling  all  the  eonditioaa  theoretioallj  reqoired.  Thoa, 
a  notable  dlfferenoe  eiiata  in  the  qoantitf  of  water  diacharged  bj  large  or  email 
oriGcea,  lo  the  ailent  that  with  six  oriGoei  of  one  onoce  each  the  diacharge  wonld 
onlj  be,  when  compared  to  that  fram  a  ainsle  Orifice  of  aii  ouncea,  aa  3!2  (o  2S2.  In 
warm  counUiea  tin  diflereiice  wonld  be  aeriuoa ;  and  the  Fiedmonteae  and  Milanese 
engineen  have  lately  tried  to  obviata  it  bj  preunibiDg  that  no  orifice  be  made  larger 
than  ail  oime«a,  or  3  feet  in  width.  The  difference  in  the  disobaige  ia  eaul  j  explained 
bf  the  difference  in  the  proportion  the  perimeter  beara  to  the  lectional  area,  which 
eiideatl;  ia  leae  when  the  orifice  ia  large  than  when  it  ia  araall. 

Sluicti  and  (hierjlom.—ne  conditiona  to  be  obaened  in  the  conatrnetion  of  theae 
worka  are,  that  thej  abonld  afford  an  effectual  guarantee  againit  fiood^  or  anj 
audden  riae  of  the  water  in  the  ohannel.  The;  ahonld  be  aa  permanently  oonitnictaj 
aa  poaaible,  and  able  to  be  worked  mnij. 

In  moat  coontriea  the  dimenaiona  of  the  bottom  aluicea  are  artntiarj,  and  thej 
Tsrj  from  S  to  7  feet  in  width  in  man;  inatanoaa.  They  are  worked  either  b;  wheel 
and  pinion,  b;  aerewa,  or  bj  long  levera  working  in  holes  farmed  on  the  npright  bar 
in  the  centre  of  the  alnioe.  In  the  Uilaneae  prorinoea,  howerer,  the  dimeniioaa  are 
aniform,  and  when  the  height  of  water  doea  not  eieesd  &om  £  to  0  feet,  the  widlb 
is  never  more  thaa  1  foot  10^  inchea.  Shonld  the  depth  b«  greater,  the  nppor 
portion,  for  a  height  of  from  1  foot  to  I  feat  S  inchea,  ia  made  aepantelj  moveable  b; 
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bauks ;  bat  in  oonntries  like  iiie  neighbourhood  of  Milan,  the  use  of  water  is  so 
continual,  that  it  rarely  happens  that  this  mere  superficial  oyerflow  can  suffice. 

Fitf.  17. 
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Fig.  18.— Dotaih)  of  the  liir^,  small,  and  tumbling  sluices  worked  by  bond. 


■>h 


The  slaices  used  in  the  Milanese  proTinces  have  an  upright  rod  upon  which 
notches  are  formed  ;  and  the  guardian  of  the  canal,  or  the  water-bailiff,  carries  a  short 
lever  by  means  of  which  he  raises  up  the  sluice.  Two  or  three  seconds  suffice  to 
procure  an  opening  which,  with  the  head  of  water  existing  upon  the  upper  side, 
produces  a  very  rapid  effect  upon  the  water.     (See  fig.  20.) 

With  respect  to  the  fixed  overflows  little  need  be  said,  because  they  differ  in  no 
respect  from  those  established  upon  canals  or  the  leading  channels  of  a  mill.  It  is, 
however,  of  the  utmost  importance  that  such  works  should  be  established  if  the 
source  from  which  the  feeder  derive  itc  supply  be  exposed  to  sudden  variations  in  its 
volume. 
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Junctions  vnlh  the  main  ttream. — Unless  there  ejdst  some  very  exceptional  cir- 
camstanocs  owing  to  the  torrential  nature  of  the  stream,  and  particularly  to  the 
instability  of  the  bed,  the  system  usually  preferred  is  to  establish  a  dam  across  the 
'Current  of  considerable  length,  and  placed  in  an  oblique  direction.  It  appears 
adyisable,  under  any  circumstances,  to  provide  overflows  of  sufBcient  dimensions  to 
carry  off  any  flood  likely  to  come  down  from  the  up-lands,  in  order  to  protect  the 
channel  formed  for  the  purposes  of  irrigation.  In  the  junctions  constructed  of  late 
years  it  is  also  customary  to  place  lock-gates  or  sluices,  with  the  double  object  of 
regulating  the  quantity  of  water  to  be  introduced,  and  of  isolating  the  canal  from 
the  river  during  the  annual  repairs  or  operations  for  cleansing  the  bed. 

The  nature  of  the  dam  must  depend  upon  local  circumstances  to  sach  an  extent 
that  it  is  impossible  to  lay  down  any  absolute  or  invariable  rules.  In  these  matters 
local  experience  will  be  the  best  guide  ;  but  whether  the  dam  be  composed  of  stone, 
of  earth,  of  wood  frame- work,  or  of  fascines,  the  foundations,  and  the  means  of 
protecting  them  from  the  tendency  to  overthrow  exerted  by  the  stream,  must  be  the 
most  important  objects  to  be  considered.  The  oblique  direction  of  the  dams  is  to  be 
accounted  for  by  the  necessity  for  obviating  the  destructive  action  of  the  current  as 
economically  as  possible  :  for  firstly,  the  shock  of  the  water  upon  them  must  be  to  a- 
great  extent  lessened ;  and,  moreover,  as  the  stream  of  water  flowing  over  the  crown 
must  be  less  than  if  the  whole  volume  fell  over  a  dam  placed  directly  across  the 
stream,  not  only  in  its  height  but  in  its  action,  the  foundations  are  less  exposed  to  be 
undermined.  If  these  motives  did  not  exist  there  would  be  an  evident  advantsge  in 
making  the  dam  perpendicular  to  the  direction  of  the  stream. 

BridgtB^  AqueducU  and  Syphons. — These  works  do  not  present  any  distinctive 
characteristics  from  those  connected  with  navigable  canals,  excepting,  perhaps,  that 
in  order  to  retain  all  the  velocity  of  the  water,  the  courses  require  to  be  made  as 
straight  as  possible :  the  aqueducts  therefore  are  more  often  executed  on  the  skew 
than  in  canals.  It  may  be  taken  as  a  rule,  that  bridges  upon  irrigation  works  should 
be  executed  in  masonry  rather  than  in  wood,  to  avoid  the  repairs  inseparable  from 
the  latter,  especially  in  such  i>ositions. 

With  respect  to  syphons,  the  principal  remark  to  be  made  is,  that  every  angle  or 
sudden  interruption  in  the  line  of  flow  is  likely  to  become  a  source  of  diminished 
velocity.  Wherever  possible,  then,  cast-iron  pipes  should  be  used,  because  they 
admit  of  the  curves  being  made  more  easy,  and  at  the  same  time  this  material  resists 
more  effectually  the  outward  thrust  of  the  water.  To  combat  the  latter  effort  it  is 
often  necessary  to  bind  together  the  whole  of  the  materials  in  the  arch  or  syphon. 
All  these  works  require  to  be  executed  with  the  best  materials  and  in  the  most 
permanent  manner. 

Lochs. — The  locks  constructed  upon  canals  for  the  double  purpose  of  navigation 
and  of  irrigation,  present^  as  we  before  said,  this  peculiarity,  that  they  require,  in 
the  first  place,  a  chamber  of  the  dimensions  necessary  for  the  passage  of  the  boats  ; 
and  in  the  second,  a  passage  for  the  purpose  of  transmitting  from  the  upper  to  the 
lower  chamber  the  volume  of  water  only.  The  former  do  not  require  any  details  of 
execution  different  from  locks  upon  ordinary  canals  ;  the  latter  are  usually  regulated 
by  means  of  sluices. 

Generally  speaking,  the  fall  in  these  positions  is  sufficient  to  justify  the  establish- 
ment of  water-mills,  either  for  the  purpose  of  raising  the  water  to  a  higher  level,  so 
as  to  irrigate  a  wider  district,  or  of  performing  many  of  the  common  farming  operations, 
such  as  threshing,  winnowing,  &c.  In  all  cases,  therefore,  where  the  full  benefit  of 
the  water  power  is  obtained,  such  works  are  established.  An  example  from  the 
canal  of  Pavia  is  subjoined,  althoiigh  in  this  case  the  fall  is  not  used.     By  the 
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diffarenee  in  Ibe  larsl  of  tlis  wstor  in  tha  two  gluuntMri,  and  b;  mcaoi  of  aame 
eondnits  plued  in  tha  aide  walls,  th«  boats  at«  es&bled  to  dcacend  tsij  qaiekly, 

Th«  principal  praeaotion  to  be  obaerred  in  tlic  ooiiBtraetion  of  these  oondnit*  ia, 
that  tbeir  fonndBtion*  b<  made  aaffioientlj  Btrong  to  b«  able  to  re*i«t  the  earrent  of 
water  puaing  through  them  :  tbeir  direction,  irh«ther  at  right  angles  or  obliquelj, 
to  the  itfeam,  ii  a  matter  of  no  importance,  nnlea  tha  valcr  thef  diaohargg  be  likely 
to  interfere  with  the  tail  vaten  of  the  mill  which  ma;  be  erected  near  the  lock. 
Qatea  hong  npon  ■  rertieal  axla,  a  little  beyond  the  centre,  and  warUag  in  a  &ame 
with  •  rebate  partlj  upon  tha  npper,  paitlj  upon  the  lower  aide,  appear  to  be  the 
readieat  meam  of  cloajug  Uieee  aloieea. 

Kg.  31. 


In  Lombard;,  water  ia  often  obtained  from  wella  for  the  pnrposei  of  irrigation. 
The  reader  is  referred  to  the  diSereot  anthora  who  have  treated  apon  this  aabject  for 
the  prineiplei  which  mait  guide  the  operslJDna  for  seeking  the  epiinga.  When  Uieae 
are  found  at  a  eonTcnient  lerel,  tbeir  diitribution  mnit  take  plaoe  in  the  same 
mnnner  on  before. 

Shoald  the  level  of  the  water  in  each  wellt,  or  in  anj  natnnl  sootce  from  whlofa 
it  is  propoied  to  be  derired,  be  conatderahlj  below  that  of  llie  land  to  be  irrigated,  ll 
bccomeB  necesear;  to  empio;  artificial  means  oF  ralsiig  it,  or  to  create  aome  method 
of  Bccuiing  the  Bnpplj  bj  ineans  of  reBerroira.  Unqneationablf  the  latter  modo 
would  be  the  most  economical,  did  local  circa tn stances  fsTOor  their  conitnictioD,  bnt 
tbc  conGgaratiDn  of  ooonlrj  reqnired  ia  not  alwaja  to  be  met  with,  eapeoiall;  in 
portions  where  the  soil  ii  most  adapted  for  irrigatJoa.  To  construct  a  naemdr 
ecoDomically  it  is  neceBiar;  that  a  vnlley  shoald  exist,  the  mouth  of  which  is  nearly 
closed  bj  projecting  spurs  of  the  hilla.  The  eubmil  must  also  be  of  a  homogeneons, 
retentJTe  character,  and  of  a  nature  to  alloir  the  coustructiou  of  the  works  connected 
with  the  dams,  without  aoj  fear  of  their  twiug  undermined.  These  COnditioEM  are 
rarcl;  to  be  met  with,  excepting  in  mountaiuous  districts,  and  these  are  ordinarilj  at 
too  great  diatiaces  from  the  uUuiial  pUios  most  fitted  for  the  caltiTstion  of  gi«<s^  or 
legominous  plants,  which  are  those  most  likely  to  be  benefited  by  the  application  of 
water.  If,  however,  it  be  jioesible  to  form  a  reserroir.  even  at  considerable  expenscv 
that  eoane  shoald  be  adopted  ;  becsose,  firstly,  that  mode  of  procuring  water  obriatea 
the  neceasity  for  eonitaotly  providing  a  motive  power,  and  secondly,  the  water 
by  bring  stored  becomes  more  fitted  for  agrieoltural  purpoaes.  Indeed,  as  (he 
suppliea  are  derived  entirety  from  rain  SkUing  npon  the  op-lands,  the  temperstsre  of 
the  water  ninst  more  nearly  approach  that  of  the  ground,  and  they  mnat  also  oontain 
the  wlable  chemical  matten  the  latter  may  be  abla  to  impAit.    The  daasna  bon 
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infiliniition  and  evaporation  attending  the  use  ot   reseryoin  hare  been   already 
mentioned  in  the  article  on  Inland  Navigationi  sect  ''canals." 

The  formation  of  an  irrigation  canal,  deriving  its  supplies  from  a  riyer  at  a  high 
point  in  its  course,  affords  the  means  of  applying  the  process  upon  the  largest  and 
most  efficient  scale,  and  most  necessarily  be  the  method  most  commonly  adopted. 
For  the  upper  lands,  situated  above  the  flow  of  the  stream,  the  choice  of  the  mode  of 
raising  the  water  must  be  regulated  by  local  circumstances,  not  only  of  position,  but 
of  use.  Thus,  if  the  lands  to  be  irrigated  be  devoted  to  market-gardening,  animal 
power  may  be  employed,  and  the  simplest  machines  are  to  be  preferred,  because  the 
cheapness  of  their  first  establishment^  and  the  facility  with  which  they  can  be 
repaired,  place  them  within  the  reach  of  everybody. 

For  agricultural  operations  on  a  large  scale,  however,  it  often  becomes  necessary  to 
resort  to  more  powerful  means  of  action,  and  the  modes  which  are  usually  adopted 
are  to  employ  the  motive  power  either  of  water,  of  wind,  or  of  steam. 

If  a  sufficient  fall,  possessing  the  requisite  conditions  of  regularity,  exists  it  will 
usually  be  found  preferable  to  employ  it^  because  the  power  would  thus  be  obtained 
at  a  far  less  cost  than  if  steam  be  used,  and  it  would  also  be  more  regular  in  its  effect 
than  that  produced  by  a  wind-mill.  As  to  the  particular  system  of  wheel  to  be 
employed,  that  must  depend  upon  so  many  considerations,  that  it  would  be  useless  to 
attempt  to  lay  down  any  general  rule.  The  simplest  are  the  best,  for  in  the  country 
the  class  of  workmen  able  to  repair  the  more  complicated  ones  are  rare,  and  it  is 
certainly  desirable  that  no  machines  should  be  used  upon  a  farm  but  such  as  the 
village  smith  or  carpenter  could  repair. 

If  the  water-fitll  be  small,  the  quantity  raised  must  be  also  limited,  and  it  may  per- 
haps, under  such  circumstances,  be  necessary  to  combine  a  system  of  reservoirs  with 
the  other  machinery,  in  order  to  store  the  water  raised  during  the  intervals  of  its  being 
employed  upon  the  land.  If  the  fall  be  great,  there  must  necessarily  exist  a  consider- 
able inclination  of  the  bed  of  the  river,  and  it  would  usually  be  preferable  to  make  a 
branch  canal  at  a  higher  leveL  Such  powerful  water-falls  are  rarely  neglected,  how- 
ever, by  manufacturers,  and  as  they  are  more  valuable  for  such  purposes  than  for 
irrigation,  it  is  by  no  means  desirable  that  they  should  be  used  for  the  latter.  It 
appears  probable  that  hanging  wheels  upon  boats  fixed  in  the  stream,  or  turbines, 
might  occasionally  be  used  with  advantage. 

Wind  affords  a  source  of  power  such  as  we  may  call  gratuitous,  but  unfortunately 
it  cannot  be  controlled,  so  that  if  it  be  applied  for  raising  water  for  irrigation,  there 
might  be  an  abundant  supply  when  not  wanted,  and  none  when  there  was  the  greatest 
necessity  for  it.  If  this  motive  power  be  resorted  to,  it  becomes  indispensable  to  con- 
struct large  reservoirs  ;  but  the  expense  of  establishing  and  maintaining  these,  and  of 
eeping  the  engine  and  machineiy  in  repair,  would  exceed  that  of  establishing  and 
maintaining  a  system  of  reservoirs  for  storing  rain  water.  In  drainage  operations 
these  remarks  do  not  apply,  because  the  precise  period  at  which  the  water  is  removed 
is  but  of  little  importance,  and  the  action  of  the  wind  possesses  sufficient  regularity 

r  this  purpose,  if  the  whole  year  be  considered. 

Steam  engines  are  far  too  expensive  to  allow  of  their  being  employed,  unless  in 
such  neighbourhoods  as  famish  the  skilled  labour  their  repairs  must  require,  and 
unless  the  district  to  be  irrigated  be  of  sufficient  impoi-tance  to  warrant  the  constant 
employment  of  a  staff  of  workmen  able  to  keep  the  machinery  in  an  efficient  state. 
The  price  of  coals  must  also  materially  affect  the  question  as  to  the  application  of  this 
mode  of  raising  water.  The  construction  of  reservoirs  appears  to  be  advisable  in  this 
case  as  in  others,  and  to  give  rise  to  considerable  economy,  by  rendering  the  work 
more  constant)  and  thns  enabling  smaller  engines  to  perform  it. 
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When  the  Bonrce  of  power  shall  have  been  decided  upon,  there  still  remains  the 
equally  important  question  of  the  description  of  machinery  to  be  employed  in  acioallj 
lifting  the  water. 

SECTION    II. — MACHINES    FOR   RAISING  WATER. 

The  machines  employed  for  the  purpose  of  raising  water  for  irrigation  hare  hitherto 
been  entirely  confined  to  the  following  : 

1.  Pumps ;  2.  Archimedean  Screw  ;  8.  Machines  with  buckets,  sach  as  the  noria, 
chain-pumps,  &c  ;  4.  Wheels,  either  with  buckets,  or  water-ways  upon  the  frame 
itself;  5.  Miscellaneous  Machines. 

1.  Pumps, 

When  the  quantity  of  water  to  be  raised,  and  the  elevation  to  which  it  is  desired  to 
raise  it,  are  considerable,  pumps  are  the  machines  at  present  considered  to  be  the  most 
economicaL 

A  pump  consists  of  a  hollow  cylinder,  in  which  the  piston  mores  alternately  up  and 
down,  in  two  pipes,  one  above  the  piston,  called  the  ascending  pipe,  and  the  other 
below,  called  the  suction-pipe  ;  and  lastly,  in  a  series  of  clacks. 

The  cylinder  is  hollow  and  circular  in  the  greater  number  of  instances,  although 
quadrangular  and  polygonal  pumps  are  occasionally  used.  It  may  be  of  wood  or  of 
metal ;  but  the  former  material  wears  away  too  rapidly  for  works  destined  to  be  used 
for  any  length  of  timet  It  is,  therefore,  almost  exclusively  confined  to  agricultural 
purposes  ;  cast  iron,  or  brass,  are  more  generally  employed  ;  but  of  whatever  material 
the  cylinder  be  made,  it  is  essential  that  it  should  be  perfectly  true  in  its  bore. 

The  power  of  a  pump  depends  upon  the  interior  diameter  of  the  cylinder.  It  is 
considered  small  if  this  diameter  be  less  than  4  to  5  inches ;  large  when  it  exceeds 
1  foot ;  the  largest  rarely  exceeds  1  foot  4  inches,  although  occasionally  the  diameter 
is  made  2  feet. 

0 

The  length  of  the  cylinder  should  but  little  exceed  that  of  the  stroke  of  the  piston. 
The  piston  itself  is  the  most  important  part  of  the  machinery  of  a  pump,  and  the 
one  which  has  received  the  greatest  number  of  modifications.  If  the  piston  raise  the 
water  during  its  ascent  or  descent  only,  the  action  is  said  to  be  tiitgle  ;  if,  on  the  con- 
trary, it  raise  the  water  by  both  motions,  the  action  is  said  to  be  double.  When  the 
piston  works  entirely  above  the  level  of  the  water  in  the  well,  the  pump  is  called  a 
*ii€<i(m-pump  ;  a  min^-pump  is  one  by  which  water  is  lifted  during  the  up-stroke  of 
the  piston  ;  a/orctTi^-pump  is  one  by  which  it  is  lifted  during  the  down-stroke.  A 
dovJbU-aeting  pump  is,  therefore,  both  a  rising  and  a  fordng  pump. 

The  piston  is  very  frequently  nothing  more  than  a  piece  of  wood,  usually  of  horn- 
beam, which  it  is  advisable  to  soak  for  some  time  in  boiling  oil ;  but  for  pumps  of  any 
importance  it  should  be  either  of  iron  or  of  brass.  The  i>acking  is  sometimes  of 
leather  soaked  in  oil  or  tallow,  and  is  fastened  to  the  top  of  the  wood  in  ordinary 
pumps  ;  the  diameter  of  this  packing  is  rather  greater  than  that  of  the  piston  itself, 
so  that  it  forms  a  species  of  cup  upon  the  top  with  a  flexible  contour,  which  is  pressed 
against  the  sides  of  the  cylinder  by  the  weight  of  the  water. 

At  other  times  the  packing  consists  of  two  fillets  of  leather,  kept  in  their  positions 
at  the  top  and  bottom  of  the  piston  by  two  brass  rings ;  the  space  between  these  fillets 
is  packed  with  hempen  cord,  well  tallowed,  which  projects  a  little,  and  works  against 
the  inner  bore  of  the  cylinder. 

Cast-iron  pistons  are  often  used,  with  an  exterior  packing  of  hemp  or  of  leather. 
A  projection  at  the  bottom  and  a  ring  at  the  top,  sasoeptible  of  being  moved  by  a 
screw,  press  this  packing  against  the  inner  bore.  But  the  difficulty  of  turning  the 
cylinders  perfectly  true,  and  the  imperfections  of  the  pistons  described,  have  fie- 
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qaontlj  led  to  thie  wloptiao  of  tha  plttnger.pnmp. 
Bolid  ar  hollow,  of  m  length  &  Iiltl«  in  ei 


Fig.  *.  Pig.  5,  tie-  fl- 

i  or  1  of  BD  iDch  led  thin  that  of  the  cjlinder,  liao  of  brasa.      The  puton  works  in 
itnffiDi-boi,  and  in  descending  it  diBpIscea  s  oertain  qnantitj 
of  water,  which  i>  forced  bj  tiiii  meuu  into  the  ucending 
pipe,  And  when  the  ]»iton  riiea  it  fbnnB  a  TMunm. 

A  nngle'Kcting  pomp  requirea  two  ckcke—aae  is  placed  upon 
the  aaction-pipe,  the  other  npon  the  rising-pipe.  Sometimea  oi 
of  thene  clacks  is  placed  npon  the  piston  itself,  which,  in  th 
eaae,  is  [nerced  for  an  oriGc«  suited  to  the  puaage  of  the  ' 
water.  A  donbte -acting  pomp  has  four  fixed  clocks,  hnt  none 
npon  the  piston.  In  order  to  bdlitate  the  examination  j 
repair  ef  theae  cUcka,  the  pipet  are  enlarged  near  their  seats. 

Claclu,  or  ralTca,  are  of  two  sOTla— spindle  Tslree,  and  com- 
mon Taliea  with  hinges.  The  ftrat  are  sometimea  nothing  more 
than  tmncated  cones  of  (mall  height,  which  enter  and  fit 
closelj  into  the  aperture  they  are  intended  to  ahnt;  they  are 
tTBTersed  b;  a  spindle  to  which  the;  are  fastened,  and  which 
serres  to  gnide  them  in  their  motions.  The  oomuion  valvea 
aie  nanall;  nothing  more  than  drclei  of  greased  leather  attached 
to  the  aperture  thej  are  intended  to  close  b;  a  band  of  leather 
forming  the  hinge.  Frequently  a  sheet  of  lead  ia  futesed  to 
the  top  of  the  leather  to  keep  it  Sat,  and  to  giie  it  eaffident 
weight.  Wben  greater  perfection  ia  reqnired,  the  leather  is 
placed  between  two  diaci  of  metal ;  the  one  aboie  the  opening 
being  rather  larger  than  the  aperture,  the  one  below  emaller. 
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In  large  pampe  the  Talyei  are  of  bra«,  eoinetiinea  |  aa  iiieh  thick,  workmg  upon 
hinges  ;  hut  it  ia  not  adriaable  to  nae  such  Talrea  when  the  watera  to  be  niaed  oontain 
any  solid  matters,  for  a  very  little  sand  would  seriously  interfere  with  their  action. 

Figs.  8  and  9.— Common  Valves. 


Whaterer  be  the  material  adopted,  the  exterior  surface  of  the  valve  must  be  made  as 
nearly  as  possible  of  the  same  dimension  as  the  opening,  because  any  excess  of  circum- 
ference increases  the  resistance. 

The  suction  and  ascension  pipes  need  not  be  turned.     Their  diameter  is  generally 
less  than  that  of  the  pump-barrel,  and  is  usually  made  about  two-thirds. 


Fig.  10.— Spindle  Valve. 


If  the  piston  made  a  perfect  Taeinim, 
the  water  would  be  raised  in  the  suction- 
pipe  to  a  height  of  between  82  and  33 
feet  aboTe  the  water  lerel  in  the  well,  or 
to  a  height  sufficient  to  balance  the 
atmospheric  pressure  at  the  point  where 
the  pump  is  placed,  whateyer  may  be  the 
diameter  of  the  pipes  or  their  inclination. 
But  in  practice,  when  the  pirton  ia  at 
the  bottom  of  its  stroke,  the  pressure  of 
the  air  occupying  the  space  between  the 
piston  and  the  suction-Talve  being,  with- 
out taking  into  account  the  wdght  of  the 
valve,  equal  to  the  atmospheric  pressure 
when  the  piston  arrives  at  the  head  of  its 
stroke,  this  pressure  becomes 


H  — -^-  ,  in  which 
Q  +  9 


H 
Q 


=  atmospheric  pressure, 

=  volume  of  air  between  the  piston  and  valves  at  bottom  of  stroke, 
=  volume  produced  by  the  piston  in  one  up-stroke, 
Q  +  9  =  volume  occupied  by  the  air  when  the  piston  is  at  the  top. 
In  order,  then,  that  after  a  certain  number  of  strokes  the  pump  may  draw,  it  is 
necessary  that  the  maximum  height  of  the  valve  above  the  water  designated  by  x,  and 
leaving  out  of  account  the  weight  of  the  valve,  should  be 

Q  +  ?  \        Q  +  3/ 

The  water  must  not  only  «nttr  the  lower  part  of  the  pump^  but  it  must  also  reftch 
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the  highest  point  of  the  stroke  of  the  piston.  Instead  of  the  theoretical  height  ahore 
giTon,  it  is  raxelj  found  that  in  praetioe  it  erer  ezoeeds  29  feet,  and  the  mazimam 
ayerage  is  osnaily  from  20  to  28  feet.  The  height  of  the  suction-pipe  itself  is  rarely 
made  more  than  from  17  to  23  feet. 

For  more  detailed  information  upon  the  principles  affectiog  the  construction  and  the 
action  of  pomps,  the  reader  is  referred  to  D*Aubai8son*s  Trait6  d'Hydraoliqae,  or  to 
the  Tracts  upon  Hydraulics,  Hydrostatics,  and  Pneumatics,  published  by  the  Society 
for  the  Diffusion  of  Useful  Knowledge. 

2.  Archimedean  Screw, 

This  machine  appears  to  hare  been  used  in  very  remote  antiquity,  nearly  in  the 
form  adopted  at  the  present  day.  It  is  of  great  service  in  raising  water  from  positions 
where  the  difference  of  level  is  not  considerable. 

If  upon  the  surface  of  a  cylinder  a  helix  of  several  convolutions  or  wheels  be  traced, 
and  if,  in  a  groove  cut  according  to  this  curve,  small  planks  of  the  same  height  bo 
placed  side  by  side  in  close  contact,  their  combination  will  form  the  thread  of  a  screw 
with  a  great  projection  and  of  a  uniform  thickness  ;  and  if  the  whole  be  then  enclosed 
in  a  solid  envelope,  the  machine  will  form  an  Archimedean  screw. 

In  common  screws,  three  equidistant  threads  are  placed,  forming  the  channels ;  the 
diameter  of  the  thread,  which  forms  necessarily  that  of  the  endoeing  case,  varies  from 
18  to  26  inches,  the  central  shaft  occupying  about  }rd  of  the  diameter ;  and  the 
length  of  the  screw  is  from  12  to  18  times  its  diameter.  The  angle  which  the  thread 
forms  with  the  axis  has  been  frequently  modified  in  practice.  The  ancient  Romans 
made  it  45*  ;  in  the  South  of  France,  as  in  Holland,  it  is  made  about  54*  ;  the  engineers 
of  Paris  make  it  60*  ;  and  Eytelwein,  in  some  of  his  experiments,  carried  it  to  78*. 
At  the  upper  end  of  the  axis  is  a  winch  or  crank,  and  at  the  lower  is  the  pivot  upon 
which  the  screw  turns.     Large  screws  are  made  even  6  feet  6  inches  diameter. 

If  such  a  machine  be  set  to  work  upon  a  body  of  water,  giving  to  the  axis  an 
inclination  less  than  that  of  the  thread  upon  the  axis, — that  is  to  say,  giving  the 
latter  an  inclination  of  from  30*  to  45*, — and  if  a  rotatory  movement  be  communi- 
cated in  a  direction  opposed  to  that  of  the  threads,  the  lower  orifices  of  the  channels 
in  passing  through  the  water  will  take  up  a  certain  quantity,  which  will  pass  from 
spire  to  spire  and  flow  out  at  the  top. 

Experiments  made  by  M.  Lamand^  shew  that  a  good  screw,  of  the  following  dimen* 
sions,  is  capable  of  producing  the  results  indicated  below  : — 

Length  of  screw 15  feet  2  inches. 

Exterior  diameter    .        .        •        •        .        .    •       1  foot  7|  inches. 
Inclination  of  the  screw  to  the  horizon    •        .        .85  degrees. 
Number  of  revolutions  in  a  minute    .         .        .     .     40      „ 
Height  to  which  the  water  was  raised     .        .        .10  feet  9  inches. 
Quantity  raised  per  hour  • 45  tons. 

The  useful  effect  produced  by  a  man  working  eight  hours  per  day  with  such  a  screw 
would  be  about  50  tons  raised  1  foot  high  per  hour.  It  is  to  be  observed,  that  in 
closed  screws  it  is  necessary  that  the  water-line  in  the  well  should  stand  a  little  abovo 
the  centre  of  the  base  of  the  shaft,  without  completely  immersing  it. 

Such  closed  screws  could  not  be  of  service  for  raising  water  from  a  well  in  which 
the  water-line  varied.  In  Holland  and  CFermany  this  inconvenience  is  remedied  by 
substituting  for  the  outer  cylinder  a  fixed  semicircular  channel.  By  this  means  also 
the  weight  of  the  outer  cylinder  and  of  the  water  does  not  bear  upon  the  gudgeons  nor 
upon  the  shaft,  but  it  is  necessary  to  work  the  machine  with  considerable  velocity  in 
order  to  prevent  any  serious  loss  of  water  between  the  spiral  arms  and  the  bottom 
channel. 
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In  Holluid  tha  Hnwi  an  worked  bj  wlnd-iiiiUi,  tad  thej  mm  to  dnia  ths 
puldcn  Mid  insnheB ;  bat  it  must  b«  CTidgnt  tliAt  the  «me  n«uu  oonld  b«  applied 
to  nisa  water  for  irrigElioD.     Th«  Dntch  milli  baT«  niiMlIf  tweepg  sbont  40  tevt 


id  hem  the  uda  ef  rototion,  aitd  ther  Ufl  tbe  water  to  a  Iimglit  of  abant 
15  feeL     IT  tbe  point  ot  diBchuje  ihonld  b^tpen  to  be  above  that  beigbt,  two  or 

moK  >eti  of  wind-milli  are  rsqoind,  tbe  lower  onee  piunping  the  water  into  inter- 
mediate eiiteniB,  &am  whicb  it  ia  BnbBequoDtl;  railed  into  the  di>iihatj;iag  ebauneL 
Tbeae  wind-milla  ecet  oa  the  average  aboat  26,000  floriaa,  or  £20S0  ewh,  aad  tbej 
<SD  raiae  86, 100  tone  of  water  per  daj  on  the  arerage,  bat  ibaj  oalj  work  efieetrrelj 
(JO  dajs  per  annDm. 

Tbe  naeful  effect  of  aa  Archimedean  acrew  ia  itated  b}  Morin  to  be  0*75  ot  the 
power  emplojed, 

A  French  engineer,  M.  Vaita,  in  the  jear  ISIS  proposed  a  modifieation  of  tbe 
acrew,  eonaitting  in  the  application  of  two  aeparate  tbreada  on  the  nune  aiii,  one 
being  loag  and  narrow,  ud  the  other  abort  and  wide-  Tbii  oomliination  migbt  be 
rendered  lerTieeable  in  caaea  where  *  fall  of  water  of  condderable  Tolome,  hj  letting 
in  motion  the  aborter  acrew,  might  niiie  the  water  to  a  higher  leTol,  or  where  a  unaU 
atream  falling  from  a  great  height  might  fnmiab  lafBdent  power  to  ntiee  the  water  to 
K>me  intennediate  point ;  or  again,  in  other  caaea  where  a  abort  fall  existed  aboTo 
tbe  desired  point. 

A  «et  of  actewi  worked  by  ileam  bare  been  ereoted  to  make  good  t^  wmate  oF 
water  bj  lockage  npon  tlie  eanal  of  the  Sambre  and  ths  Henae.  Tliaj  are  (bar 
in  nnmber,  with  a  total  lift  of  21  feet  10  inchea,  and  aie  open,  with  a  diameter  of 
S  ieet  i  inchea.  The  ihaft  ia  of  oak,  4  incbei  diameter,  and  the  l>ladea  are  I  inch 
thick.  The  generating  line  of  the  inner  thread  ia  inclined  to  the  axii  at  an  angle  of 
86°,  thai  of  tbe  onler  thread  at  an  angle  of  72°,  the  inclination  to  the  boriion  being 
SG°.  The  play  of  the  screw  in  tbe  trough  is  2  inchea,  and  the  machine  makee  from 
40  lu  IS  tonu  in  a  minnte,  with  a  depth  of  3  feet  4  incliea  of  water  in  tbe  well.  Tbe 
effect  of  tbeae  acrewi  ia  to  raise  1  ton  of  water  3  feet  B  inebea  high  per  aecoud,  for  a 
total  ootlaj  of  steam  engine  and  all  macliiner;  of  about  £1700. 

S.  Machina  ailh  BaettU. 
Theae  conaiit  of  Iracketa,  awapea,  aeoopi,  norias,  eliain-pnmpi,  and  the  nriooa 
descriptions  of  chapeleta. 
In  raising  water  bj  bnekets,  it  ia  found  that  a  man  can  only  exercise  a  nsafal  effect 
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•qiul  to  ftbont  the  tAh  put  of  vh»t  Ke  on^t  to  «wnlH  under  adnntkgeou  dnnm- 
■taocM.  Tbii  mi}d«  i*  thereforg  rkrelj  reaorted  to,  nnlen  th«  work  to  ba  performad 
requires  to  be  aiecnted  immeilUtclr,  md  ii  not  likelj  to  be  of  great  duntion. 

WheD  the  qnintitj  to  be  nuied  is  amiU,  and  the  depth  of  the  vater  below  the 
pmnt  of  diacharge  not  more  than  between  15  and  20  feet,  and  the  npention  ii  onlj 
required  daring  two  or  three  boura  of  tbe  da;,  it  ia  freqaentlj  adiantageoiu  to  use 
bnckete  biUned  to  a  balaneepole.  The  loTer,  ot  polo,  ia  nippDitad  upon  a  poat,  and 
oarriea  »t  the  opposite  end  a  oonnlerpoiae  to  the  load,  so  that  the  greateat  effiirt  of  the 
workman  fa  required  to  lower  the  emptj  boaket.  To  thii  maoaer  a  nuu  aoenatomed 
to  the  labour  can  nUe  abonl  20  lone  in  an  hour.  The  avape  ia  a  maehiite  fbnnded 
npoQ  thia  principle,  and  it  liaa  been  in  uae  in  the  Baet  from  the  earlieit  periods  of 
UTilisaUon ;  e>en  at  the  present  daj  it  is  retained  is  Egypt  and  in  India  in  the  same 


form  it  bearg  in  the  hieroglyphiea.     Fig.  12  represents  a  similar  maohilis  need  near 
Genca  and  Savons,  and  similar  mstic  implemeota  ma;  be  seen  in  the  market-gardens 

When  the  water  is  tot;  deep  in  a  well,  and  the  use  of  haeketa  bj  hand  becomes 
imposuble,  the;  are  let  down  to  the  water  bjr  meani  of  a  rope  or  chaia.  The  moet 
anbTOurahle  eonditions  for  the  workman  >o  emplojed  are  when  the  backet  ia 
lowered  simpi;  b;  hand,  beeaoae  the  whole  effort  is  upwards,  and  the  weight  of  the 
cord  ia,  in  faot,  bo  maeh  tiseleea  addiUonal  weight.  The  beat  manner  of  railing  water 
b;  ordinary  bnckela  ia  to  fasten  the  centre  of  the  cord  to  the  drum  of  a  windlaas, 
lenTing  the  two  halTCS  to  wind  upon  it  In  oppnaite  direcUona.  Narier  conndered 
that  a  man  working  the  handle  of  anch  a  windlass  was  able  to  produce  a  usefal  efiect 
of  58]  tons  raised  1  foot  high  in  an  hoar,  and  to  work  S  hoars  per  da;. 

Hand-Bcoops  are  rarel;  naed  for  the  purpose  of  raising  wnter  when  the  depth  of  the 
lower  reeerroir,  below  the  point  of  discharge,  is  more  than  from  2  to  1  feet. 

The  Datch  scoop,  represented  bj  the  accompanring  sketch,  No.  13,  ia  one  of  the 
moat  eSectaal,  and  Belidor  even  statea,  that  with  one  of  these  machiaea  the  nsefal 
effect  of  *  man's  labour,  working  8  hours  per  daj,  is  equal  to  66  tons  raised  1  foot 
high  per  honr.      Thia  result  seems,  however,  to  be  loo  bvaarable. 

The  maebine  represented  b;  fig.  M  is  alightl;  modified  from  one  described  b; 
Belidor,  in  order  to  render  it  more  aoaceplible  of  removal.  It  ma;  eMil;  be  under- 
stood that  it  ia  worked  \ij  two  men,  and  that  when  the;  tower  the  trough,  whieh 


728 


WATER  MBADOWS^   OR   IRRIGATION, 


mores  in  an  arc  of  a  drdey  the  yalre  opene,  and  the  part  naar  it  beoomes  filled  with 
water,  ^aa  also  that  when  the  morement  ia  changed,  the  water  ahoold  flow  awaj  from 
the  centre. 

Such  hand-trongha  can  easily  nuse  water  from  a  depth  of  from  3  to  4  feet^  bat 
their  principal  defect  oonsiatfl  in  this,  that  a  considerable   portion  of  the  power 

Fig.  14. 


employed  is  absorbed  in  raising  the  trough  (which  must  be  of  a  considerable  weight), 
at  the  same  time  with  the  water.  This  objection  is,  to  a  certain  extent,  obviated  by 
the  troughs  being  made  double,  and  so  disposed  as  that  one  side  should  balance  the 
other, — in  fiu;t,  by  disposing  the  weight  of  the  machine  so  that  the  weight  of  the  water 
alone  should  be  raised.  Four  men  are  usually  required  to  work  such  a  machine,  and 
it  is  eyident  that  it  would  be  easy,  by  means  of  cords,  pulleys,  beam-engines,  or  other 
contrivances,  not  only  to  enable  workmen  to  use  them  more  advantageously,  bat  also 
to  admit  of  the  application  of  other  motive  power  than  mere  manual  labour.  Thus 
Mr.  William  Fairbaim  has  designed  a  machine  represented  by  the  sketch  No.  15,  in 
which  the  trough  is  worked  directly  by  steam,  upon  the  principle  of  the  Cornish 
engine.  The  scoop  is  made  of  wrought  iron,  and  is  25  feet  deep  by  SO  feet  wide,  with 
two  partitions  across  it.     The  arrangement  by  which  the  dip  may  be  altered,  without 

Yig  15  Any  corresponding  alteration 

in  the  length  of  the  stroke  of 
the  piston,  is  to  be  admired ; 
but  owing  to  the  scoop  not 
being  made  double  and  with 
an  alternate  motion,  a  portion 
of  the  power  most  be  lost.  It 
is  stated  that  these  machines 
are  adapted  to  raise  17  tonsof 
water  at  each  stroke,  and  with 
an  engine  of  60  horse-power 
that  they  will  do  a  duty  equal 
to  8  lbs.  of  coal  per  horse- 
power per  hour.  If  this  be 
really  their  effective  duty,  there  are  very  few  water  raising  machines  which  can  be 
compared  with  them,  especially  in  those  cases  in  which  the  lift  should  not  exceed 
from  about  12  to  15  feet  vertical. 

When  water  is  raised  by  buckets  upon  a  windlass,  it  is  necessary,  that  in  addition 
to  the  men  placed  at  the  handles,  there  should  be  another  at  the  bottom  of  the  w^ 
to  place  the  buckets,  so  that  they  should  fill  rapidly.  Sometimes,  also,  it  is  neceesaiy 
to  have  another  man  at  the  top  to  empty  the  buckets  when  they  arrive  at  the  sorfaoe 
of  the  ground.  The  expense  of  this  method  of  raising  water  is,  therefore,  much 
increased. 

In  order  to  obviate  this  source  of  expense,  and  at  the  same  time  to  avoid  the  U»s 
of  time  consequent  upon  the  intervals  of  repose  whilst  the  buckets  axe  being  filled 
and  emptied,  a  series  of  such  instruments  is  placed  upon  an  endless  chain,  pasnng 
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OTer  a  dilim  below  the  lerel  of  the  reterroir  from  which  the  water  is  to  be  raited. 
The  lower  extremity  of  the  chain,  and  the  buckets  it  carrier  dip  into  the  water ;  their 
opening  is  tnmed  upwards  npon  the  asoending  portion  of  the  chain,  and  downwards 
npon  the  descending  portion.  The  machme,  of  which  the  aboTC  description  indicates 
the  principal  parts,  is  called  the  Noria,  and  is  set  in  motion  by  a  crank,  or  by 
toothed  wheels  commonicating  with  a  mill.  In  passing  through  the  water,  the 
buckets  fill  themselTcs  with  water,  and  they  carry  it  with  them  to  the  top  of  the 
ascending  chain  ;  when  they  arriTO  at  the  top  they  incline  laterally,  according  to  the 
couToxity  of  the  upper  drum,  and  they  pour  their  water  into  a  basin  or  trough  placed 
to  recelTo  it. 

In  this  manner  the  buckets  fill  and  empty  themselves,  and  the  continuity  of  move- 
ment is  attained.  Bat  at  the  same  time  that  the  noria  possesses  these  advantages,  it 
has  some  defects  :  thus  the  water  forcibly  is  raised  to  a  higher  point  than  that  of  dis- 
charge, and  the  great  weight  of  the  machine,  as  well  as  the  number  of  joints,  augment 
considerably  its  resistance,  its  friction,  and  the  expense  of  repairs.  In  spite  of  these 
defects  the  noria  is  a  very  useful  instrument,  and  it  has  been  in  use  in  the  East  for 
many  centuries.  The  Arabs  carried  it  with  them  into  all  the  countries  of  Southern 
and  Western  Europe  they  conquered,  and  it  is  unquestionably  to  them  that  the 
inhabitants  of  Spain  and  of  the  South  of  France  owe  its  application  to  the  purposes  of 
irrigation  in  their  gardens. 

Originally  the  chains  were  formed  simply  of  wisps  of  hay  or  straw,  the  buckets 
were  only  common  earthenware  vessels,  and  the  drums,  both  above  and  below,  were 
nothing  more  than  ends  of  timber  rudely  crossed.  Such  is  even  at  the  present  day 
a  description  of  the  m^ority  of  norias  used  in  Spain,.  Italy,  or  Egypt,  and  although 
rustic,  and  rude  in  the  extreme,  they  effect  tolerably  the  proposed  object.  In  the  best 
modem  norias,  however,  the  backets  are  made  either  of  sheet-iron  or  of  copper ;  the 
chains  are  of  iron  ;  the  toothed  wheels  are  of  cast  iron,  as  are  also  the  drums. 

D*Aubuisson  cites,  as  a  very  perfect  machine,  a  noria  made  by  M.  Abadie,  of 
Toulouse.  It  consists  of  a  dram  of  hexagonal  form,  18  inches  in  diameter  and 
about  17  inches  long.  The  axle  of  the  drum  is  of  iron,  and  5^  inches  square  ;  the 
chain  is  about  45  feet  long,  and  contains  28  links,  each  of  which  carries  a  bucket 
of  sheet-oopper  able  to  hold  3^  gallons.  The  surface  of  the  basin  which  receives  the 
water  is  about  3  inches  below  the  axle  of  the  drum,  and  16  feet  10  inches  above  the 
level  of  the  water  in  the  well.  A  common  horse,  used  for  gardening  purposes^  works 
this  machine,  and  produces  a  useful  effect  of  about  400  tons  raised  1  foot  high  per 
hour,  or  about  0*82  of  the  real  power  employed  to  set^e  noria  in  motion.  Navier 
made  some  experiments,  which  appeared  to  shew  that  the  useful  effect  was  about 
0'88  of  the  power,  but  in  practice  it  is  not  advisable  to  reckon  upon  more  than  0*70 
to  0-80. 

As  already  seen,  it  is  necessary  in  a  noria  that  the  water  should  be  raised  to  a 

point  above  that  of  discharge,  in  order  that  the  buckets  may  empty  themselves.     It 

follows  from  thii,  that  in  order  to  produce  an  effective  result  Q  ^  it  is  necessary, 

leaving  out  of  account  all  friction,  to  produce  a  real  effort  Q  (A  +  h')  in  which 

Q  »  the  weight  of  the  water, 

h  =■  the  height  of  the  discharge, 

A'  =  tbe  extra  height  required  to  enable  the  buckets  to  discharge  the  water  at  a 
proper  height :  this  is  usually  about  2  feet  6  inches,  or  the  radius  of  the 
circle  described  round  the  hexagon  formed  by  the  drum,  with  a  play  of 
from  4  to  8  inches. 

As  the  value  of  h'  remains  constant,  whatever  be  that  of  A,  the  proportion  of  the 
useful  effect  to  the  power  employed  will  be  inereaaed  as  h  increases,  and  this  theore- 
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tioal  dfidnotion  has  been  oonftrmed  by  direet  experiment.    The  power  thai  loat  !■,  fai 
addition  to  that  eited  aboTe,  repreeented  by  the  eoeffielent  0*82,   lo  that  tlie  real 

expression  of  the  useful  result  would  be ,  ^. 

There  ai«  many  other  maehines  for  raising  water  whioh  prodaee  more  fc^owable 
results  than  the  noria,  with  reference  to  the  proportion  between  the  power  empk^yed 
and  the  useful  effect  produced.  But  the  noria  has  the  twofold  advantan*,  that  its 
simplioity  of  eonstmotion  is  such  that  a  common  blaoksmith  ean  repair  it^  and  that 
it  can  raise  waters,  howerer  muddy  or  charged  with  sediment.  To  aeenre  the  most 
faTourable  results  it  is  adTijsable  that  the  moTement  should  be  slow.  The  depth  to 
whioh  it  can  work  faTOurably  appears  to  yary  from  8  to  10  feet  at  a  aiiiimnm  to 
about  45  or  50  feet  at  a  maximum. 

Fig.  1«. 


The  shetch,  No  1 0,  illustrates  the  noria  used  in  Spain ;  the  pots  are  of  earthenware^ 
the  chains  replaced  by  haybands,  and  the  machine  is  set  in  motion  by  a  horse  or  an 
ox.  According  to  Jaubert  de  Passa,  from  whose  work  'Voyage  en  Espagne*  the 
sketch  is  extracted,  by  the  aid  of  one  such  noria  it  is  possible,  under  the  burning 
climate  and  the  sandy  soil  of  that  country,  to  supply  the  wants  of  a  fkmily  fh>m  three 
or  four  acres  of  land. 

Chain-pumps  may  be  taken  as  representing  what  foreign  engineers  describe  under 
the  name  of  Chapelets,  and  they  are  of  two  kinds,  the  vertical  or  the  inelined 
chapelet.  They  were  formerly  much  used  in  drainage  works,  and,  it  appears,  are  still 
retained  in  China  for  raising  water  for  irrigation  ;  but  their  use  has  been  almost 
entirely  superseded  by  the  Archimedean  screw  or  by  other  machines  in  Europe  or 
America. 

The  vertical  chapelet  consists  of  a  tube,  either  cylindrical  or  square,  about  13  or 
20  feet  long  and  5  or  6  inches  diameter :  the  lower  end  of  this  tube  is  placed  in  the 
water.  Above  the  tube  is  placed  a  wheel  or  roller,  fixed  upon  an  axle,  at  the 
ends  of  which  are  winch -handles.  An  endless  chain  works  upon  the  roller  and  in  the 
vertical  tube,  bearing  from  distance  to  distance  a  series  of  ralves  of  wood  or  of  metal, 
lined  with  leather,  fitting  tolerably  closely  against  the  sides.  A  second  roller  is 
placed  at  the  bottom  to  guide  the  chain,  and  to  keep  it  constantly  in  a  state  of 
tension. 

When  the  chapelet  is  in  motion,  the  upper  roller  moves  the  links  suecesmvelj,  and 
thus  raises  the  chain.  The  val^e  which  arrives  at  the  lower  orifice  of  the  tube  then 
takes  the  water  below  the  preceding  valve,  intercepts  its  eommunicatloB  with  the 
lower  reservoir,  and  carries  it  to  the  discharging  channel. 
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la  t»Mft  when  th«  bright  from  irluch  tks  wfttor  hu  to  be  i^Md  doM  not  axond 
13  or  14  feet,  th«  ▼ertiul  eliapalat  kppaua  to  be  ■dTantogeoiu  \  iti  Ducbiner;  ii  leu 
complioited  tbsD  Uul  of  the  norik,  *tid  it  aSen  leu  reai(t*Dc«.  A  eoniidenbte 
qnuititr  of  tbe  water,  !t  is  trat,  ucapM  betweea  the  Imthen  and  the  sides  of  tha 
tnlxs  GspecEaUj  wEien  tbe  speed  is  imalL  This  loss,  bowerer,  maj  be  diminished  bj 
keeping  the  machine  wniluitlj  in  nipair,  and  paitieularlj  bj  applying  to  the  lover 
end  of  the  tube  a  careftiUj-bored  matal  pipe  of  a  rather  smaller  diameter,  and  of  k 
length  a  little  more  than  the  diitanos  of  one  volie  from  another. 

It  Is  DEoal  to  emploj  IVom  fonr  to  right  men  at  the  wineh -bandies,  vhiob  have  a 
ndios  of  aboDt  1  foot  i  inchei^  and  make  frdoi  20  to  30  lerolDlJoai  a  minute,  to  work 
these  Tertieal  chapelets.  'Working  8  hours  per  daj,  and  relioTed  eTSTT  3  honrs,  these 
men  raise  from  370  to  <00  tons  1  foot  high  in  a  day.  Id  genenl,  it  may  be  aunmed 
that  the  niefDl  effect  Is  eqnal  to  O'SS  of  the  labour  employed,  and  that  (be  inantity 
or  water  r^sed  is  abont  flre-Biithi  of  that  sntering  tbe  tabe. 

Tbe  chapelett  ta».j  be  worked  by  "^""'l  labour,  or  by  horse,  steam,  or  ereu  by 
water-power. 

Fig.  ir 


The  inclined  chapdet  eoneista  of  a  series  of  tsItss  attached  to  an  andlss*  eh^, 
nsoally  of  a  reetangnlar  form,  and  working  in  *a  ineiined  trough.  The  deaeending 
braneb  of  the  chain  bean  apnn  the  npper  dde  of  the  trongh,  if  it  be  coTcred,  or  upon 
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Fig.  18. 


ft  upeciea  of  floor,  shnuIJ  that  Dot  b«  the  cut.     Tb«  trongb  dip*  Into  the  w«Il,  and  U 
canUd  to  tha  pi^t  whtre  it  i«  dntred  to  pour 

Tba  pla;  Ittt  between  the  eitariot  of  the 
TalTti  and  tba  ndu  of  the  trougb  ii  not 
more  than  Jth  of  aa  inch.  For  the  nme 
sectional  ana  of  lalre  tfao  developmeDt  of 
the  part  of  ita  contoar  in  contact  with  tba 
trough  ii  the  leaat,  aa  ia  likewiae  the 
quontitj  of  water  it  allowa  to  eacapc^  when 
(he  height  ii  equal  to  half  the  width  ;  nOTsr- 
thelcaa  in  pnetiee  the  height  la  aometimea 
made  equal  to  foar-fiftha  of  the  width.  The 
dtalanee  betweea  the  Titree  Taiin  from  1  to 
14  tJiuei  the  height,  and  the  ipeod  from 
S  feet  6  inohea  to  5  feet  per  aecoud. 

The  inclined  chapelet  reqnirei  a  greater 
motive  power  than  the  vertical  ehapelet 
pcoporUonallj  to  the  effect  prodoeed,  —on 
aoconnt,  firati;,  of  the  frietion  of  the  Talrea, 
and,  seeondl]',  on  account  of  the  Ion  of 
water  between  them  and  the  udea  of  the 
trongb.  In  Europe,  tberefore,  thia  mode  of 
raising  water  boa  loag  since  been  abandoned ; 
but  it  ii  retained  in  China,  where  the  low 
price  of  labooc  maj  still  jnili<7  ita  nae. 
PefrDDOet  was  one  of  the  last  to  emplo;  the 
inclined  ehapeleta,  and  it  appean  trtan  the 
eiperimenta  and  obseiralioni  he  made  that 
the  real  useful  eSTeet  thej  produced  did  not 
than  0*40  of  the  power  emplored.     (See  figa.  IT  to  20.) 
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4.   Water-wheeUf  with  btickeUf  dse. 

It  is  possible  to  apply  to  the  droamferenoe  of  a  water-wheel,  the  lower  part  of 
which  works  in  a  stream,  a  series  of  buckets,  which  are  open,  and  so  disposed  that  at 
the  lower  part  of  the  rcTolution  they  should  take  up  a  certain  quantity  of  water  to  be 
afterwards  discharged  into  a  basin  constructed  to  receire  it.  There  is  no  simpler  or 
more  economical  method  of  raising  water  ;  the  same  current  furnishes  the  power  and 
the  material  required.  For  these  reasons,  when  local  circumstances  admit  of  its 
application,  this  kind  of  OAchine  is  frequently  used  for  irrigation  or  domestic 
purposes. 

When  the  depth  from  which  the  water  is  to  be  raised  is  considerable,  a  separate 
wheel  is  constructed  for  the  buckets  and  for  the  floats.  The  first  consists  of  two 
circular  plates,  between  which  the  buckets  are  placed,  in  the  best  wheels  of  this 
description,  upon  an  axle  which  traverses  the  upper  part,  and  around  which  they  are 
free  to  move.  In  this  manner  they  remain  yertical,  and  retain  the  water  they  have 
taken  up  until  they  arrire  at  the  top  of  the  wheel ;  there  a  very  simple  piece  of 
mechanism  causes  them  to  incline,  the  water  falls  out,  and  they  reassume  their  posi- 
tion. The  float-wheel  communicates  moTcment  to  the  bucket-wheel  either  by  an  axle« 
common  to  the  two,  or  by  any  other  contrivance.  In  rough  country  works,  however, 
the  floats  are  occasionally  arranged  at  fixed  distances  to  act  as  buckets,  which,  by  the 
movement  of  the  wheel,  successively  takes  up  the  water,  and  pours  it  into  the  reser- 
voir. Unless,  however,  the  openings  of  the  buckets  be  well  regulated,  they  always 
lose  a  portion  of  the  water  they  take  up  at  the  moment  they  leave  the  stream  ;  more- 
over, the  water  is  not  discharged  until  it  reaches  a  point  higher  than  the  one  where 
it  is  required  to  be  used.  For  these  reasons,  the  loose  buckets  above  mentioned  are 
preferred. 

Peyronnet  used  a  similar  machine  to  that  described  with  considerable  success  for 
draining  the  foundations  of  the  Neuilly  Bridge.  The  float-wheel  was  fixed  at  a  point 
in  the  stream  where  the  velocity  was  about  2  feet  8  inches  per  second,  and  the  bucket- 
wheel  was  removed  to  the  different  piers,  sometimes  to  a  distance  of  116  feet.  The 
first  wheel  was  19  feet  2  inches  in  diameter,  the  width  of  the  floats  was  21  feet  4 
inches,  and  their  height  was  about  3  feet  2}  inches.  The  second  was  17  feet  7  bches 
in  diameter,  and  carried  16  buckets,  or  cases,  each  of  which  cubed  about  5  cubic  feet, 
but  did  not  lifl  to  the  top  much  more  than  34  cubic  feet.  This  machine  raised  185 
tons  per  hour  from  a  depth  of  from  10  feet  6  inches  to  12  feet  10  inches, — a  useful 
effect  equivalent  to  that  of  twelve  vertical  chapelets,  such  as  Peyronnet  employed  for 
the  works  of  the  same  bridge. 

The  machine  known  to  the  ancients  by  the  name  of  the  tympanum  is  but  a  modifi- 
cation of  the  bucket- wheel.  It  consists  of  two  plates  and  a  cylindrical  envelope,  to 
which  they  serve  as  a  base.  It  is  divided  interiorily  into  eight,  or  a  greater  number 
of,  compartments  by  a  series  of  partitions  disposed  in  the  direction  of  the  radii.  The 
cylindrical  envelope  is  pierced  by  a  series  of  holes,  one  corresponding  to  every  opening 
or  division  in  the  interior  of  the  wheel,  and  the  exterior  drum  is  pierced  by  a  large 
axle,  upon  the  face  of  which  are  as  many  openings  as  there  are  compartments. 

When  this  machine  is  properly  placed  upon  the  water  to  be  raised,  and  it  is  set  in 
movement,  each  opening,  as  it  passes  below  the  level  of  the  water  in  the  reservoir, 
takes  up  a  certain  quantity  of  water,  which  passes  into  the  receiving  tank  by  the 
openings  in  the  face  of  the  wheel. 

At  the  beginning  of  the  last  century  Lafaye  modified  this  wheel  by  making  the 
compartments  according  to  tbd  development  of  a  cycloid  generated  by  the  revolution 
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of  a  circle  equal  to  the  diameter  of  the  axle,  and  by  sapprening  the  external  ease. 
By  this  disposition,  a  vertical  line  passing  through  the  centre  of  gravity  of  the  body 
of  water  contained  in  each  division  is  tangent  to  the  axis ;  and  whatever  may  be  the 
position  of  the  tympanum,  the  radius  of  its  axil  is  the  ezprenion  of  the  nsfltaaee  ; 
■0  that  the  eflbrt  is  ai  regular  as  possible. 

Peyronnet  made  some  elaborate  obcervations  upon  the  effeet  produced  by  theae 
wheels.  The  tympanum  he  used  had  a  diameter  of  19  feet  2  inches,  and  carried 
24  partitions,  entering  the  water  to  a  depth  of  nearly  10  inches.  It  made  24  t^nu 
per  minute,  and  raised  123  tons  of  water  to  a  height  of  8  feet  6^  inobes  per  hour,— > 
the  motion  being  communicated  by  12  men  working  a  wheel  with  a  lantern ;  so  that 
the  useful  e£fect  of  a  man's  labour  per  hour  was  equal  to  87 '8  tons  raised  1  foot  high. 
The  proportion  this  bears  to  the  useful  result  of  a  vertical  chapelet  is  about  2d  to  17. 
But  the  tympanum  has  the  serious  objection  of  not  bebg  able  to  lift  the  water  above 
the  axis,  which  entails  the  neccuity  of  making  it  of  considerable  dimensions,  and 
therefore  very  heavy  and  cumbersome.  It  may  be  driven  by  water,  steam,  horse,  or 
hand  labour,  as  may  be  necessary. 

In  England  this  description  of  wheel  is  known  as  the  Persian  wheel,  but  it  is  very 
rarely  employed.  Its  antiquity  is  very  great,  for  Vitrnvius  mentions  it)  and  even 
very  correctly  cites  its  advantages  and  disadvantages  :  *'  Non  alte  tollit  aquam,  aed 
exhaurit  expeditissime  multitudinem  magnam.*' 

The  JUuh'io?ieel  works  upon  the  same  principle  as  the  chapelets,  but  its  operation 
and  effects  are  confined  to  a  circular  channel,  in  which  the  flat  blades  move.  In 
Holland  these  wheels  are  used  to  raise  the  water  occasionally  from  the  marshes,  and 
they  are  there  set  in  motion  by  wind-mills.  Near  Paris,  in  the  basin  of  St  Ouen,  a 
machine  of  this  nature  was  constructed  for  the  purpose  of  lifting  water  fKfta  the  Seine. 
The  princ'pal  dimensions  were  as  follows  :— 

Exterior  diameter  of  the  wheel 35  ft. 

Interior  do.  29  „  7  in. 

Length  of  floats  .     .     , (nearly)  4  „ 

Height  of  do.      measuring  upon  the  inclined  line  of  the  floats  .  8  ,, 

Do.  do.      measured  upon  the  radius 2  ,»  84  in. 

Number  of  floats 36 

The  observations  made  upon  the  working  of  this  engine  shew  that  it  nitei  2200 
tons  of  water  13  feet  2  inches  high  in  an  hour  :  the  power  of  the  machine  setting  it  in 
motion  being  45  horses,  it  follows  that  the  real  effect  produced  is  0*82  of  the  power 
employed  ;  but  as  the  power  of  the  engine  was  not  accurately  ascertained  before  the 
trials,  the  results  are  only  to  be  considered  as  approximations. 

Smeaton  and  Navier  examined  the  action  of  these  wheels.  Smeaton  states  that 
their  results  are  even  more  figivourable  than  those  cited  above,  but  his  experiments 
must  be  considered  rather  as  ascertaining  maximum  than  mean  results.  Navier 
found  that  the  usefiil  effect  bears  a  greater  ratio  to  the  power  employed  when  the 
speed  of  revolution  is  the  leasts  and  that  theoretically  the  effect  and  the  power  would 
be  equal  if  the  speed  were  infinitely  small.  But  at  the  same  time  the  loss  of  water 
between  the  circumference  of  the  blades  and  the  race  increases  when  the  speed  of 
revolution  diminishes  :  all  other  things  being  equal,  this  loss  may  be  reduced  to  the 
lowest  terms  by  making  the  blades  rectangular,  and  of  a  width  equal  to  double  their 
height. 

This  description  of  wheel  is  liable  to  the  same  objection  as  the  Persian  wheel,  viz. 
that  the  water  cannot  be  raised  above  the  level  of  the  centra  of  the  axle.  Neverthe* 
less,  in  the  fen.  districts  of  Lincolnshire  Hr.  Glynn  has  lately  erected  some  powezAi 
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nuduBMy  of  Uiii  ntlora.  One  of  thcM  Gi«iit«d  od  tba  Teo-mil«  Bank,  nor  LiUl«- 
port,  in  tbe  Iile  of  Blj,  ii  driTau  bj  ui  SO  hone-power  CDgioe  with  ■  wheel  10  fret 
diameter.  Tbe  Deeping  ?an,  near  Spalding,  with  an  area  of  25,000  aerei,  ii  drained 
bf  two  CDginca  of  SO  and  SO  hone-power.  The  80  horee-power  engine  WDrka  ■  wheel 
28  feet  diameter,  with  floal-boanii  fi|  feet  b;  G  itti,  and  moiing  with  a  Telocitj  of 
S  feet  per  second  on  the  aTerage.  When  the  aopae  haa  in  full  dip,  and  DonKqnentlf 
the  sectional  area  of  the  blade*  lifUng  the  water  ii  27^  feet,  the  qaantitj  dieebargcd 
per  Mcoad  ie  IflS  tabic  feet,  or  about  H  ton*  raised  S  feel  in  height.  The  naeM 
eSeet  of  thij  eagine  would  thai  •ppear  to  be  0*88  of  the  nominal  power ;  bnt  the 
remark  made  above  with  lafereDoe  to  tba  engine  of  St.  Onen  appliet  eqaally  in  tbia 
case,  via .  that  Lule  dependence  aan  be  pUeed  on  the  nominal  eipreaiion  at  the  power 

The  Sgore  21  repreeenti  the  Saah-whael  arraa|Bd  eo  aa  to  receiTe  it*  motion  horn 


a  wlnd-milL  The  flgntta  22,  23,  24,  and  26  repraent  uodifieationi  of  the  Pei»an 
and  tbe  backet-wheel*  to  be  met  witli  b  praetJoe.  Fig.  SI  of  theae  teprtMnt*  the 
deacription  moat  oommonl;  nied  bj  the  fannen  in  the  Upper  Ehine  district*  for 
ndung  min  for  inigatkin  ;  and  althoogh  tu  Ccom  bung  parftet  a*  k  UMbanioal 
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meh  tbat  anj  vilUge  orptDler  eta  miko  it,  ud  u  «uilj  ketp  it  in  nfuii.     Tbe 
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emigrants  from  this  district  baTO  carried  their  bncket-vlieel  into  tbe  United  States, 
where  it  is  applied  with  the  same  success  as  in  the  mother  country. 

5.  MitceUaneout  Afachines, 

The  class  of  water-raising  engines  thus  grouped  together  hare  little,  if  any,  connec- 
tion with  one  another. 

The  most  important  of  these  machines,  when  an  intermediate  point  of  discharge 
can  be  found  for  the  water  creating  the  power,  is  the  water-column  engine  nf  foreign 
engineers,  formerly  known  in  England  as  the  '  Hungarian  Water- pressure  Machine. 
It  consists  of  a  cylinder  or  large  pump-barrel,  in  which  a  piston  moves,  driven  by  the 
weight  of  a  high  column  of  water  confined  in  an  upright  pipe  ;  a  rod  or  balance-beam 
is  fastened  to  the  head  of  the  piston,  which  communicates  movement  to  common  pumps 
or  other  implements  ;  sometimes,  but  rarely,  a  system  of  machinery  is  adopted  which 
converts  the  alternate  up-and-down  motion  into  a  circular  one  :  this  conversion  of 
movement,  we  may  remark,  is  never  effected  in  the  best  and  most  modem  machines 
of  this  description. 

One  of  the  most  perfect  water-pressure  engines  has  been  erected  at  Huelgoat,  by 
order  of  M.  Junker.  It  is  single-actioned,  and  the  principle  upon  which  it  works  is 
similar  to  that  of  the  Cornish  engine ;  but  the  transmission  of  the  pressure  of  the 
water  has  led  to  some  important  modifications  in  the  details  of  its  construction. 
The  principal  condition  required  in  these  engines  is,  that  water  should  be  obtained  in 
a  vertical  column  of  sufficient  height,  and  that  it  should  be  discharged  after  the 
pressure  it  is  exposed  to  at  the  bottom  of  the  column  has  produced  its  effect.  As  in 
the  Cornish  engine,  the  manner  of  application  consists  in  directing  this  force  so  as  to 
raise  a  piston  lifting  the  load,  and  then  in  cutting  off  the  communication  when  the 
cylinder  is  full,  giving  free  egress  to  the  water  which  has  thus  created  the  power,  and 
allowing  the  piston-rods  to  fall  by  their  own  weight. 

In  the  lifting  machines  of  Huelgoat,  the  cylinder  producing  the  motion  is  placed 
with  the  cover  downwards,  and  it  is  open  at  the  top ;  it  bears  at  the  bottom  a 
shoulder,  which  is  successively  put  in  communication  by  means  of  an  upright  pipe 
with  two  pipes,  the  one  leading  to  the  base  of  the  water  column,  and  the  other  to  the 
discharge  heading ;  these  therefore  serve  as  the  conducting  and  discharge  pipes^for 
the  water  producing  motion.  To  set  the  machine  at  work,  it  will  suffice  to  plaoe  the 
shoulder  at  the  bottom  in  communication  with  the  feed-pipe  ;  then  when  the  piston  shall 
have  traversed  the  whole  of  its  course,  to  close  this  orifice,  and  to  put  the  cylinder  in 
communication  with  the  discharge  pipe,  so  that  the  water  may  be  driven  out  by  the 
weight  of  the  piston  and  of  the  pump-rods,  which  produces  the  down-stroke. 

At  Huelgoat  there  are  two  machines  of  the  nature  described,  designed  to  raise  the 
waters  filtering  into  the  mine,  which  it  is  supposed  may  amount  to  200  tons  per  hour. 
They  are  placed  about  860  feet  below  the  surface  of  the  ground,  in  the  midst  of  the  well 
designed  to  collect  the  waters,  the  bottom  of  which  Is  about  1 080  feet  from  the  surface. 

The  cylinders  are  3  feet  4^  inches  diameter  and  9  feet  high.  The  piston  is  of  brass 
and  is  simply  covered  with  leather  ;  the  stroke  is  a  little  more  than  7  feet  6  inches 
long,  and  the  machine  makes  on  the  average  5^  strokes  per  minute.  A  wrought-iron 
rod  is  attached  to  its  centre,  which  passes  through  the  bottom  of  the  cylinder  and 
descends  vertically  to  the  bottom  of  the  well :  it  is  designed  eventually  to  raise  the 
water  at  one  lift  a  total  height  of  nearly  755  feet,  to  an  overflow  channeL  The 
descending  column  is  of  a  total  height  of  246  feet  8  inches,  but  as  46  feet  8  inches  of 
this  is  lost  by  placing  the  machines  below  the  level  of  the  overflow,  the  effectiTe  head 
upon  the  cylinder  is  only  200  feet.  The  reason  for  placing  the  machine  in  this 
position  was,  that  it  was  deemed  advisable  by  this  means  to  counterbalance  the  weight 
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of  the  pamp-rods.     The  eqailibrium  U  thai  prodaoed  to  a  certain  extent  by  a  colomn 
of  water  46  feet  8  incbet  high,  with  a  base  of  3  feet  44  inches  diameter. 

The  diameters  of  the  feeding  and  discharge  pipes  are  nearly  15  inches  each,  that  of 
the  pomp-barrels  Ib  18  inches,  and  that  of  the  rising  main  10|  inches. 

In  this  description  of  machine  the  piston  receiTCS  the  whole  power  of  the  water 
prodacing  motion,  excepting  the  small  portion  required  to  work  the  regulators,  and 
nearly  all  the  hl\  H  is  used,  so  that  the  dynamical  effect  ought  to  be  Tery  nearly 
expressed  by  P  H ;  P  =  the  weight  of  water.  But  the  friction  of  the  piston  in  the 
cylinders,  the  resistance  the  water  ia  exposed  to  in  the  pipes,  and  the  various  bends, 
absorb  a  notable  portion  of  the  power  ;  so  that  eyen  in  the  best  machines  the  real 
effect  is  only  equal  to  about  frds  of  that  found  by  theory.  In  the  best  water-column 
machines  of  Freibourg,  the  maximum  of  the  real  effiwt  rises  to  0*70  or  even  to  0*75. 
At  Huelgoat  the  engines  do  not  work  to  their  full  power,  so  that  actually  th^  only 
produce  0*45  P  H,  although  it  is  supposed  that  when  the  workings  of  the  mines  shall 
hare  been  carried  to  the  depth  originally  intended,  they  will  yield  0*75  P  H.  M. 
Junker,  however,  has  deemed  it  safer  not  to  calculate  upon  a  real  effect  of  more 
than  0-65  P  H. 

Some  water-pressure  engines  produce  their  effect  merely  by  the  compression  of  the 
air  in  an  intermediate  chamber.  But  such  engines,  although  the  philosophical 
principle  upon  which  they  are  founded  be  very  elegant,  are  not  of  sufficient  practical 
utility  to  require  a  long  description.  The  reader  is  therefore  referred  to  Dr. 
Gregory's  'Treatise  on  Mechanics'  for  the  details  connected  with  their  action  and 
construction. 

The  Bydravlic  Ram  of  Montgolfier, 

The  hydraulic  ram  was  invented  by  M.  Montgolfier,  of  Paris,  about  the  year  1797, 
and  is  very  remarkable  both  on  account  of  its  simplicity  and  of  the  peculiar  principle 
of  its  action.  This  would  appear  to  depend  npon  the  momentum  of  any  body  once 
set  in  motion  continuing  to  operate  after  the  movement  itself  shall  have  ceased  in 
that  body. 

Thia  machine  consists,  firstly,  of  either  a  feeding  reservoir,  or  a  oondncting  pipe, 
If ;  of  a  pipe  forming  the  body  of  the  ram,  a  b,  which  conveys  the  water  to  the  work- 
ing part :  this  last  is  called  the  head,  and  consists  in  a  short  pipe  c  n,  open  at  its 
upper  end  by  means  of  an  orifice  e,  against  the  edge  of  which  works  a  valve  a,  intended 
to  close  it  The  head  also  contains  the  rising  valve  6,  which  opens  upwards  into  a 
reservoir  called  the  air  vessel,  and  at  the  bottom  of  the  air  vessel  is  placed  the 
ascending  pipe  i. 

The  form  as  well  as  the  respective  positions  of  the  ports  of  these  machines  may 
differ,  as  is  shewn  by  the  accompanying  sketches,  figs.  26  and  27.    In  the  latter  the 

Pig.  20.  Fig.  27. 
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valves  are  rep]^ced  by  hollow  globes,  whose  specific  gravity  is  twice  that  of  water. 
They  are  retained  in  their  position  by  iron  ban,  which  neverthelen  leave  them  at 
perfect  liberty  to  move  in  the  required  directions  ;  the  seats  of  the  openings  are  lined 
with  tarred  yam,  in  order  to  break  the  jar  ooeasioned  by  their  fidling  into  their  aeata. 
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Nov,  if  we  tnppoM  that  the  ndre  a  be  drawn  down,  the  water  will  flow  from  m 
along  ▲  B,  a&d  eieape  through  the  orifice  c  Whikt  the  wator  ii  thas  flowing,  the 
weight  of  the  Talre  a  mast  be  adjnated  by  meane  of  the  apindle  t  placed  to  receiTo  a 
load,  80  as  just  to  sink  or  force  its  way  down  against  the  head  of  water  in  ▲  b.  When 
the  water,  howerer,  is  in  motion  it  acquires  considerable  momentum,  and  exercises  a 
power  greater  than  that  of  the  mere  column  to  which  the  yalye  has  been  adjusted. 
The  valTe  a  is  then  raised,  and  the  orifice  e  dosed,  and  the  flow  of  the  water  being 
thus  checked,  it  becomes  stationary,  the  momentum  is  lost,  the  yalre  and  weight  then 
again  become  superior,  and  they  fiJl,  opening  the  yalve,  so  as  to  let  the  water  escape 
again.  In  this  manner,  as  the  pressure  of  the  water  and  the  weight  of  the  TaWe 
become  alternately  superior,  the  Talye  is  kept  in  a  constant  state  of  Tibration  without 
any  extemsl  aid  whaterer. 

It  must  be  evident  that  in  the  mean  time  the  momentum  generated  between  each 
pulsation  cannot  be  at  once  destroyed ;  a  second  ralTo  6  is  then  provided,  through 
which  the  water  is  forced  into  the  air  vessel,  until  the  elasticity  of  the  air  overcomes 
the  gradually  decreasing  momentum,  when  the  valve  b  closes,  and  that  at  e  opens,  to 
allow  of  a  second  pulsation.  The  same  series  of  movements  will  be  repeated  so  long 
as  the  upper  reservoir  shall  continue  to  supply  water. 

M.  D'Aubmsson  cites  as  one  of  the  most  powerful  machines  of  this  class  the 
hydraulic  ram  constructed  at  Mello,  near  Clermont-sur-Oise,  by  Montgolfier  the 
younger.  The  body  of  the  ram  is  4}  inches  in  diameter,  106  feet  7  inches  long,  and 
weighing  about  29  cwt.  ;  the  head  weighs  4  cwt. ;  the  capacity  of  the  air  vessel  is 
only  1*32  gallon.  The  valve  (a)  consists  of  a  flat  plate,  in  which  are  seven  holes, 
dosed  by  the  same  number  of  hollow  balls  H  inch  diameter.  It  beats  60  strokes  per 
minute.     (In  the  subjoined  Table  more  details  are  given  of  this  engine.) 

Hitherto  the  reactions  which  take  place  in  the  working  of  the  ram  have  baffled  all 
attempts  to  form  any  satisfactory  theory  upon  their  causes,  and  the  practical  results 
they  have  presented  have  been  too  discordant  to  allow  of  the  establishment  of  any 
general  formula,  possessing  tolerable  accuracy,  by  which  the  proportions  of  the  different 
parts  of  the  machinery  can  be  predicated,  or  by  which  the  relation  between  the 
power  employed  and  the  effect  to  be  produced  can  be  expressed  without  a  ifeparate 
trial  in  every  case.  The  passive  resistances,  especially  those  of  the  valves^  present  in 
fact  so  many  difficulties  as  to  render  their  appreciation  nearly  impossible. 

In  the  following  Table,  extracted  from  D^Aubuisson,  and  from  Hachette*s  '  Traits 

dee  Machines,'  it  is  to  be  observed  that  the  estimation  of  the  effect  of  the  hydraulic 

ram,  unlike  water-wheels,  does  not  require  that  the  vdocity  of  the  movement  should 

be  taken  into  account.     The  effect  will  be  the  weight  of  water  raised  to  a  certain 

height  in  a  certain  given  time  ;  calling  the  wdght  p"  and  the  height  H',  it  will  be 

p'*  H'.     The  corresponding  force  P  being  the  weight  of  the  water  furnished  in  the 

tame  period,  and  H  the  height  of  its  fall,  its  expression  will  be  P  H,  and  consequently 

p"  W  q  W 

the  relation  between  the  two  will  be    pp- ;  or  it  will  be  q^  if  g  represent  the 

volume  of  water  raised,  and  Q  that  employed  to  raise  it,  since  Q  :  9 : :  P  :  p". 

Height  Water 


Kamber 

of  faU. 

of  elevation. 

employed 

raised. 

qH', 

of  experiment 

H. 

H'. 

Q. 

?• 

QH 

1 

2"»60 

16'"06 

0-068 

0-00624 

0-570 

2 

11-  87 

59'  44 

0-  140 

0-  0175 

0-658 

3 

10-  60 

84-  10 

0-  084 

0-  017 

0-651 

4 

0-  98 

4-  55 

1-  987 

0-  269 

0-629 

5 

7-  00 

60*  00 

0-  018 

0-  00097 

0-671 
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The  arerage  of  these  ezperimentB  giyes  0*65  as  the  ratio  between  q  W  and  Q  H. 

Hitherto  the  hydraulio  ram  has  only  been  used  when  the  qoantitj  to  be  raised  has 
been  small,  and  it  is  very  donbtful  whether  the  machine  wonld  ever  be  able  to 
prodnce'any  powerful  action.  The  violent  shocks  of  the  valTes,  and  the  jar  of  the 
body  of  the  ram,  shake  the  supports  in  a  very  dangerous  manner.  It  is  for  the 
purpose  of  obviating  this  that  the  weight  of  the  body  of  the  ram  is  made  as  great  as 
possible,  but  in  this  manner  the  evil  is  only  partially  remedied.  In  the  large 
hydraulic  rams,  the  heavy  bed-work  in  which  they  are  fixed  becomes  loosened  in 
course  of  time,  notwithstanding  any  care  or  pains  employed  in  its  execution.  It  is 
therefore  to  be  feared  that  the  use  of  this  very  important  hydraulic  engine  must  be 
confined  simply  to  supplying  the  wants  of  one  establishment. 

Belidor'B  Pressure  Engine,  and  BramaKs  Ilydroatatic  Belhws^  are  merely  modifi- 
cations of  the  Hangarian  Pressure  Engine.  As  the  latter,  in  the  conditions  of  the 
Huelgoat  machines,  combines  all  their  useful  details,  it  will  not  be  worth  while  to 
dwell  more  at  length  upon  them,  more  especially  as  they  are  rarely  used  for  the 
purpose  of  raising  water.  It  may,  however,  be  appropriate  to  state  that  the 
theoretical  pressure  able  to  be  exercised  by  the  great  piston  of  an  hydraulic  press 
PLD« 

Q  a  the  pressure  produced. 

P  K  the  motive  power  :   a  man  acting  upon  a  lever  without   employing  the 

weight  of  his  body  prodaces  ordinarily  P  =  }  cwt. ;  or  even  P  =  1  ewt., 

if  the  effort  be  not  of  great  duration. 
L  =  the  leverage  of  P,  or  the  distance  of  the  point  of  application  of  this  force 

from  the  axis  of  rotation  of  its  lever. 
D  =  diameter  of  the  large  piston. 
d  =:  diameter  of  the  small  piston. 
I  =  leverage  of  the  resistance  offered   by  the  piston  to  the  movement  of  the 

lever  of  P  :  this  resistance  is  equal  to  the  pressure  of  the  water  upon  the 

I 
small  piston,  or  to  P  t*. 

l^ut  the  passive  resistances  of  the  machine,  and  especially  the  friction  of  the  piston 
a;  ainst  the  sides,  diminish  the  real  value  of  Q.  so  that  it  varies  from  0*  80  Q  for  tmall 
efforts  to  0*85  Q  for  greater  ones.  The  ratio  of  the  speed  of  the  large  piston  to  that 
of  the  smaller  one  is  equal  to  the  inverse  ratio  of  the  sections,  or  of  the  squares  of 
the  diameters  of  these  pistons. 

The  Rope  Pump  of  Vera^  although  rarely  employed,  in  some  positions  might  be 
made  to  render  very  valuable  service  on  account  of  the  simplicity  of  its  construction, 
notwithstanding  the  useful  effect  produced  is  but  small. 

It  consists  of  an  upper  and  lower  pulley  formed  in  the  usual  manner,  but  with 
several  grooves  in  each  ;  endless  roi)es  of  loosely  spun  horse-hair  or  wool  are  made  to 
revolve  with  great  rapidity  upon  these,  by  means  of  a  multiplying  wheel  connected 
with  the  upper  pulley.  The  lower  pulley,  together  with  a  great  part  of  the  ropes, 
moves  in  the  water,  which  b'  merely  raised  by  adhesion  to  the  ropes  and  the  rapidity 
of  their  motion. 

Water  has  been  raised  in  this  manner  about  180  feet  by  a  rope  1}  inch  girth,  but 
the  useful  effect  was  only  {ths  of  that  which  could  have  been  obtained  by  a  windlass 
and  buckets.  Perhaps  larger  cords  and  a  less  lift  might  increase  the  useful  results, 
but  this  machine  can  only  be  recommended  in  cases  where  hand-labour  is  easily 
obtained,  and  it  is  difficult  to  get  the  repairs  of  more  perfect  pumps  economically 
performed,  as,  for  iustancei  in  some  of  our  Bastem  Colonies. 
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The  DuebiiM  InTcotMl  bj  U.  TUllon  cauiita  of  tha  ftppltcation  of  the  '  camit 
bjdrsDliqtia '  of  Ae  Pnncli  eo^Mn, — >  term  lor  vhicli  ««  Iut«  no  eqnitmlent,  >a 
ItUle  itUie  DUWbiD*  knowD.  An  aprigbtpipeii  placed  ia  the  liquid  (o  be  nuied,  a-ei 
upon  tba  bottlom  a  toWo  opening  npnrdi  ii  introdaixd.  If  tha  lower  and  of 
the  tube  be  aimk  from  13  to  15  inchn  below  the  inrrwe,  tba  water  will  rise  throngh 
tha  Tftlve,  ud  (tend  &t  tha  nma  height  within  u  without.  If  tbs  tube  be  now  nieed 
qnloklj,  bat  not  aboTi  the  water,  the  Talve  will  dole,  aad  the  water  within  Till  be 
ewtied  op  with  it :  when  the  nuohine  is  thna  at  tha  highest  point,  let  the  motioa  be 
Mddenlj  reTened,  and  it  will  be  fonnd  that  (he  liquid  eolumn  within  vill  eontinne  to 
(Mend  until  the  momentum  imparted  to  it  at  Snt  ahall  hare  been  expended.  A 
neunm  will  thiu  be  formed  in  the  lower  part  o(  the  inatmrnent,  into  which  a  freah 
portion  of  water  will  enter.  After  thia  operation  baa  been  repeated  ■GTeral  timet, 
and  if  tha  morament  be  well  reguUted,  tha  raWe  becomei  naeleaa,  for  the  water  in 
the  pipe  will  acquire  a  oonitAnt  aaceniional  moTement. 

The  effect  eridfntlj  depende  upon  the  rapidity  with  which  the  inrtrnment  i« 
worked, — i.t.  a  aniGcient  veloeit;  mnit  be  given  to  the  water  by  the  Dpirard  itroke 
to  prerent  ita  docending  till  the  Inbe  again  reochee  the  loweit  point.  The  tube 
mni>t  be  rtmight,  and  the  bore  perfectl  j  amooth  and  nnifoim,  that  the  liquid  may  Bow 
through  with  the  leaat  poeeible  obetructton.  As  iU  length  must  be  equal  to  the 
eleiation  to  which  the  water  ia  to  be  raised,  it  tl  necessarily  of  limited  application, 
and  flapecialij  ao  aince  the  whole  (both  water  and  apparatus)  hai  (o  be  lifted  at  eveiy 
atroke, — not  merely  the  liiuid  that  ia  discharged,  but  the  whole  contents  of  tbo 
machine- 
By  making  one  pottiou  of  the  tube  to  slide  npon  another  that  ia  flied,  it  wonid  be 
poaeible  to  obriate  thia  ineoDrenienee  to  a  certain  extent ;  bnt  practically  it  is  found 
that  the  Iom  of  power  i«  to  great  as  to  reader  the  use  of  this  machine  too  eipensiTe 
fbr  ordinary  purposes. 

Wirlz'i  Pump  a  rather  an  iogenions  comtnnation  of  tbo  Peniau  wheel  and  the 
prenure  engine.  It  canaists  of  a  spiral  pipe  coiled  round  in  one  plane,  the  interior 
end  of  which  at  a  ia  united  to  an  aKcendiag 
pipe  H,  and  the  open  end  i>  enlarged  so  aa 
to  form  a  scoop,  x.  In  opention,  tbo  air 
and  water  respectiTely  enter  tha  scoop  :  the 
body  of  water  in  each  coil  will  have  both  ita 
anda  horiiontal,  and  (he  included  air  will  be 
of  aboat  ita  natunti  (endty ;  but  as  the 
duunaters  of  the  coils  diminish  towards  the 
aentra,  the  colomn  of  water  which  occupied 
a  semicircle  in  the  outer  coil,  will  occupy 
more  and  more  of  the  inner  ones  as  they 
approach  the  centre  a,  till  there  will  be  a 
certain  coil,  of  which  i(  will  occupy  a  com- 
plete turn.  The  water  will  oonseqnenUy  run 
back  over  the  (op  of  tba  snooesding  coil,  and 
puih  the  water  within  it  ao  as  to  raise  tha 

other  end.  Aa  soon  aa  the  water  rises  in  a  h,  the  escape  of  air  is  prevented,  and 
the  water  entering  the  acoop  on  one  side,  together  with  that  in  the  tube  o  b  on 
the  other,  will  prea*  upon  the  air  between  ihaoi,  and  the  water  will  be  fonwd  np 
0  H  to  a  height  eonetponding  with  (be  elastic  force  of  (he  air ;  but  the  height  to 
whioh  it  can  be  rused  can  never  exceed  the  enm  of  the  altitudes  of  (be  liifuid  column! 
in  theemls. 
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LUt  o/Autkort  ewuulUd, 

A  TreatiM  of  Meohanioi,  bj  Dr.  0.  (Gregory — BnoyclopiBdiaBritaDniQa,  art.  'Hjdran* 
lies  and  EiTera* — Treatiiea  upon  Hydrottatiot  and  Hydraiilies,  published  by  the 
Society  for  the  Diffaiion  of  Uiefnl  Knowledge — Bneyclop6dle  Roret,  art.  '  Irrigation 
et  AMainiaBement  det  Torres' — D*Anbaisson  dea  YoisinSf  Traits  d*Hydranliqii^-* 
Clandel,  Formnles  k  T  Usage  dea  Ing^niears — Morin,  Aide-M^moire  de  Tlng^niear — 
BelLdor,  Architecture  Hydrauliqne — NaTier,  B^am^  dea  Le9onB  donn^  ik  rBoole  dea 
Fonts  et  Chanss^ — HachettOi  Trait6  des  Machines — Peyronnet^  (Barrea  de  (in  4to)— > 
The  Works  of  Bidone,  Michelotti,  Dnboat,  Conlomb^  Mariotte,  Poneeleti  Bytelwein, 
Wiebekin — Philosophical  Transactions  of  Boyal  Society  — Tatham's  Treatise  on  National 
Irrigation — Stephens  on  Irrigation — Baird  Smith's  Italian  Irrigation  ;  Ditto^  Irriga* 
tion  of  the  Madras  proTinees  ;  Selections  from  the  public  correspondence  of  the  lata 
B.  I.  Company's  departments— Nadanlt  de  Ba£fon,  Traits  da  I'lrrigaUon ;  Ditto, 
Conra  d'Hydraolique  Agricole— Spronle's  Practical  Agricultore — Qirardin,  Traiti  de 
rAgricnltnre — Annates  des  Mines — Annales  dea  Poats  et  Chanss6e8--Barat,  La 
G^logia  appUqn^e,  ko, — Ewbank's  Hydranlios  and  Mechanics — 8ga&siD»  Conis  da 
Constmetion. 

WATER   SUPPLY.*     Water  is  so  essential  an  object  in  all   domestic  or 
industrial  operations  that  the  means  of  securing  a  copious  and  economical  supply 
become  subjects  of  the  highest  interest  to  the  statesman. 
^^.      ^  All  waters  are  not,  however,  equally  fitted  for  what  we  may  call  domeetic  pur- 

Waten.  poses.     Of  late,  much  has  been  a8$erted  upon  the  subject)  which  subsequent  examina- 

tions would  lead  us  to  doubt,  especially  with  reference  to  the  qualities  of  the  particular 
class  of  waters  containing  in  eolation  the  bicarbonate  of  lime.  No  examination  of  the 
physiological  bearings  of  the  question  has  hitherto  been  made  in  safiBicient  detail  to 
allow  the  exclusion  of  that,  or  of  any  other  class  of  spring  water,  free  from  mineral 
salts  in  notable  quantities.  This  is  to  be  regretted,  for  the  watera  taken  into  the 
system  are  known  to  prodace  effects  which  are  not  only  injurious  to  the  present,  but 
may  be  transmitted  to  future  generations.  M.  Chossat,  of  Geneya,  instituted  a  seriea 
of  experiments  upon  birds  to  ascertain  the  effect  of  depriring  their  water  and  food  of 
the  bicarbonate  of  lime,  feeding  them  otherwise  in  the  ordinary  way.  The  result  was, 
that  their  bones  were  so  materially  altered  that  they  became  unable  to  support  the 
weight  of  the  body ;  the  calcareous  salts  of  the  bony  skeleton,  were,  in  fact,  re- 
absorbed into  the  system.  The  inference  drawn  by  M.  Ghoesat  from  these  experi- 
ments was,  that  unless  the  calcareous  salts  were  supplied  by  the  liquid  or  solid  food 
consumed  by  human  beings,  there  would  ensue  a  gradual  wasting  away  of  the  system, 
which  would  reappear  in  the  second  generation  in  the  form  of  rickets.  The  con* 
stitutional  tendency  of  the  inhabitants  of  peculiar  districts  to  particular  complaints, 
such  as  the  goitre  and  urinary  secretions,  which  are  uniTcrsally  attributed  to  tlia 
chemical  nature  of  the  waters,  shews  that  the  importance  of  this  bnuich  of  physio- 
logical inquiry  cannot  be  too  much  insisted  upon. 

Without  entering  in  detail  into  an  examination  of  the  action  of  waters  upon  the 
human  frame,  it  may  suffice  in  the  present  uncertainty  attached  to  the  subject  to  state^ 
in  the  words  of  Thdnard,  that  they  may  be  pronounced  to  be  fit  for  domestic  use  when 
they  are  fresh,  limpid,  and  free  from  smell, — when  they  boil  Togetables  without  affect- 
ing their  colour,  and  dissolve  soap  without  leaTing  curds.    They  should  be  Teiy 
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slightly  affeeied  by  either  the  nitrate  of  baryta,  the  nitrate  of  tilTor,  or  the  oxalate  of 
ammonia,  and  when  evaporated,  the  residonm  ehoald  be  reiy  small.  Potable  waters, 
it  appears,  are  improTod  by  the  presenoe  of  oarbonio  aoid  gas,  whieh  in  the  present 
state  of  the  medical  science  is  considered  to  assist  the  operation  of  digestion.  MM. 
Dapasqnier  and  Chossat  appear  to  consider  that  the  presence  of  a  certain  portion  of 
the  chloride  of  sodium,  and  particularly  of  the  carbonate  of  lime,  is  essential  in  all 
waters  intended  fbr  human  consumption. 

In  the  above  indicaUons  of  the  qualities  of  water  it  is  to  be  observed  that  the 
action  upon  the  colour  of  vegetables  and  upon  soap  arises  from  the  presence  of  the 
carbonate  of  lime,  or  Arom  other  modifications  of  that  base.  The  oxalate  of  ammonia 
produces  deposition  of  the  sulphates  of  lime ;  the  nitrate  of  silver  deposes  the  chlorides; 
the  nitrate  of  baryta  the  sulphates  of  other  bases. 

The  temperature  of  water  used  by  human  beings  is  a  condition  of  nearly  as  great 
hygienic  importance  as  its  chemical  nature.  The  best  water  is  that  which  has  a  con- 
stant temperature, — that  is  to  say,  compared  with  the  atmosphere  it  should  be  warm  in 
winter,  cold  in  summer.  Haller  asserts  that  it  is  advisable  not  to  use  a  water  whose 
temperature  corresponds  too  closely  with  the  state  of  our  own  organs,  and  that  when 
it  is  of  a  temperature  below  that  of  our  body,  it  quenches  thirst,  not  only  by  moisten- 
ing, but  also  by  changing  the  state  of  the  organs.  It  follows,  that  a  smaller  quantity 
of  cold  water  will  suffice  than  either  temperate  or  warm  water,  and  it  is  very  certain 
that  the  coolness  even  of  a  water,  otherwise  bad,  will  render  it  more  agreeable  than 
one  which  nevertheless  may  be  of  a  far  superior  quality  if  it  be  warm. 

Aeration  is  also  an  important  quality  of  water  destined  for  human  consumption  ; 
the  oxygen  thus  communicated  forms,  in  fiict,  an  essential  element  in  its  salubrity. 
The  quantity  of  oxygen  which  can  enter  into  combination  with  water  diifers 
aooording  to  the  elevation  of  the  source  and  the  length  of  time  during  which  the  stream 
may  liave  been  exposed.  According  to  Saussure,  the  proportion  of  air  suspended  in 
running  water  varies  ftom  5  to  5*25  per  cent.  Bousslngault  considers  it  to  be  3*5, 
but  evidently  the  pressure  to  which  the  water  is  exposed  must  inflaence  the  precise 
proportion.  In  the  Cordilleras,  for  instance,  at  a  height  of  about  2|  miles  above  the 
sea,  there  does  not  exist  a  sufficient  quantity  of  air  in  suspension  in  the  waters  to 
support  life  in  fishes.  Humboldt  and  Provencal  make  the  proporUon  of  air  in  river 
waters  even  less  than  that  quoted  above,  for  they  state  that  it  is  only  0*0987  of  the 
volume  of  the  liquid  ;  but  at  the  same  time  it  would  appear  from  their  researches  that 
this  air  contains  a  much  larger  dose  of  oxygen  than  that  of  the  atmosphere ;  in  general 
the  air  suspended  in  water  contains  32  per  cent  of  oxygen.  The  presence  of  the  air 
may  be  ascertained  by  the  simple  operation  of  boiling,  when  it  will  be  given  off  in 
bubbles,  or  by  mixing  with  the  water  a  small  dose  of  sulphate  of  iron  to  whieh  a  few 
drops  of  ammoniac  are  added.  If  this  operation  be  carried  on  in  a  position  sheltered 
from  the  atmosphere,  and  any  air  be  present  in  the  water,  a  white  precipitate  will  be 
formed,  passing  subsequently  to  green  and  to  a  yellowish  orange  colour. 

Potable  water  must  be  free  from  vegetable  or  animal  matters :  the  least  inconve- 
nience attached  to  their  presence  arises  from  the  deoxygenization  of  the  air  in  suspen- 
sion, and  the  decomposition  of  the  extraneous  matters  which  takes  place  rapidly  under 
the  conditions  of  contact  with  the  air  and  the  existence  of  moist  heat,  and  renders  the 
water  putrid.  The  presence  of  these  matters  may  be  detected  by  chlorine  solutions, 
or  by  an  infusion  of  gallic  acid  ;  but  they  often  entirely  escape  observation  in  chemical 
analysis,  whilst  it  as  frequently  happens  that  waters  notoriously  unwholesome  present 
traces  of  organised  matter  so  feeble  as  hardly  to  be  appreciable.  A  careful  observa- 
tion of  the  effects  of  any  particular  water  upon  human  beings,  or  upon  the  animals 
using  ity  is  therefore  at  essential  as  a  chemical  analysis.    Indeed,  organised  life  Is  a 
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far  more  delicate  re-agent  than  any  that  ean  be  inferred  from  tbe  oolonr  of  a  predpi- 
tate ;  its  indicatione  therefore  must  be  attended  to  eren  more  than  the  grosser  indica- 
tions of  chemistry.  Dr.  Angns  Smith,  in  addition,  has  remarked,  that  the  waters 
kept  in  large  towns  contain  a  pecnliar  organic  matter,  and  that  they  port  with  it  in  a 
variety  of  ways,  particnUrly  by  their  transformation  into  nitrates.  He  adds,  that 
water,  from  whatever  sonrce  it  may  be  deriyed,  cannot  be  kept  for  a  long  time  in  a 
state  of  parity,  unless  upon  a  very  large  scale,  and  that  it  is  advisable  to  use  it  as 
soon  as  possible  after  it  may  have  been  collected  or  filtered. 

Bain  water  collected  in  the  open  country,  or  at  sea,  a  short  time  after  the  com- 
mencement of  a  shower  (for  the  first  drops  that  fall  carry  down  the  imparities  in 
suspension  in  tbe  lower  strata  of  the  atmosphere),  is  the  purest  which  can  be 
obtained.  In  storms  it  sometimes  contains  nitric  acid  ;  at  all  times  it  is  aerated,  but 
flat  and  insipid  to  the  taste,  and  is  likely  to  cause  colics.  For  indastrial  operations  it 
is,  generally  speaking,  considered  to  be  the  best. 

Snow  water  is  without  air,  and  usually  deposits  a  small  quantity  of  dust  on  being 
melted.  Ice  water  is  bright  and  pure,  but  difficult  of  digestion.  The  peculiar  and 
loathsome  disease  called  the  goitre  is  usually  attributed  to  tbe  use  of  dissolved  snow  ; 
but  the  healthy  state  of  the  crews  of  Capt.  Parry's  ships  during  their  long  arctic 
voyages,  when  they  had  no  other  resource  than  the  dissolved  ice,  would  appear  to 
show,  that  if  proper  precautions  be  taken,  it  may  become  a  valuable  source  of  supply 
under  similar  circumstances. 

Spring  water  is  considered  by  the  public  generally,  and  by  most  empirical  writers, 
to  be  the  most  fitted  for  human  consumption,  whilst  many  scientific  men  prefer  river 
waters.  Absolute  d  priori  opinions  upon  this  subject  are  excessively  dangerous,  and 
it  is  possible  that  the  error  may  be  equal  on  both  sides.  Springs  difier  in  their 
qualities  according  to  the  nature  of  the  strata  they  traverse ;  chemical  analysis  and 
medical  experience  must  therefore  decide  whether  they  be  of  a  proper  quality  or  not. 

Bivers  are  produced  by  the  confluence  of  streams  and  springs,  and  consequently 
near  their  sources  their  waters  participate  in  the  qualities  of  the  latter.  In  their 
course,  however,  they  acquire  a  degree  of  purity  they  may  not  have  possessed  at  their 
origin,  if  they  run  upon  a  rocky  or  clean  sandy  bed,  and  do  not  receive  the  organised 
matters  draining  from  the  lands  traversed.  The  assertion  which  it  has  lately  been 
attempted  to  convert  into  a  law,  vis.,  that  'the  nearer  the  source  the  purer  the 
water,*  is,  therefore,  only  to  be  received  with  a  reservation.  Like  all  other  attempts 
to  dogmatise  on  subjects  of  natural  history,  it  would  be  dangerous  to  admit  the  uni- 
versality  of  the  supposed  principle  ;  indeed,  in  the  majority  of  cases  spring  waters  are 
improved  in  quality  by  exposure  to  the  air,  if  at  the  same  time  they  flow  with  a  cer- 
tain velocity.  They  part  with  any  excess  of  carbonic  or  sulphuric  gases  they  may 
contain,  they  depose  their  earthy  carbonates,  they  absorb  oxygen,  and  if  they  should 
meet  with  other  springs  charged  with  ingredients  different  from  their  own,  they  may 
mutually  purify  themselves.  Bat  although  the  agitation  and  exposure  to  the  atmo- 
sphere may  facilitate  the  deposition  of  certain  salts,  there  are  others  such  as  the 
sulphate  of  lime,  the  chloride  of  calcium  and  magnesium,  which  are  retained  much 
longer.  Often  when  a  confluence  of  two  rivers  takes  place,  the  distinguishing  ele- 
ments of  both  of  them  may  be  traced  for  a  considerable  distance.  The  banks  of  the 
Seine  furnish  a  remarkable  instance  of  this  fact ;  for  some  miles  below  the  junction  of 
that  river  with  the  Mame,  on  the  left  bank,  calcareous  salts  predominate ;  on  the 
right,  the  magnesian  salts,  associated  with  earthy  matter  brought  down  by  the 
Mame,  prevail  The  quantity  of  solid  matter  in  suspension  in  river  water  varies  in 
almost  every  case.  Thus,  in  1834,  Mr.  Kerrisson  found  that  the  river  Thames  con- 
tained ^  of  solid  matter ;  the  Seine  is  considered  to  hold  fj^ ;  the  waters  of  the 
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Garonne,  at  Bordeaaz,  are  bo  charged  with  matter  as  not  to  be  purified  after  standing 
ten  days  ;  the  Rhine  is  stated  to  contain  ^  of  solids  in  suspension  in  flood  seasons, 
althoagh  the  more  accnrate  observations  of  Mr.  L.  Homer  would  only  make  it  jj^ 
In  the  tropical  regions  the  proportion  is  even  greater,  for  Major  Rennel  states  that 
the  Ghmges  near  its  embouchure  contains  ^th  of  solid  matter  in  suspension,  and  Sir 
Q.  Staunton  estimated  that  the  Yellow  Riyer,  in  China,  brought  down  ^  of  earthy 
ingredients.  Manfredi,  the  Italian  hydrographer,  calculated  that  the  average  propor- 
tion of  sediment  in  all  the  running  water  on  the  globe,  which  reached  the  sea  was  jfj  ; 
but  modem  investigations  shew  that  this  estimate  is  greatly  exaggerated. 

The  deposition  of  the  earthy  salts  contained  in  spring  water  takes  place  in  a  verj 
striking  manner  in  the  channels  or  pipes  in  which  it  may  be  conveyed.  Sometimes 
this  action  is  carried  to  such  an  extent  that  the  capacity  of  the  conduit  is  materially 
diminished.  For  instance,  in  the  aqueduct  passing  over  the  Pont  du  Gard  the  sec- 
tional area  is  contracted  by  a  deposition  of  carbonate  of  lime  :  in  many  cases  in  our 
own  country  the  same  effect  is  produced ;  and  in  others,  where  the  waters  contain 
the  hydroas  oxide  of  iron,  the  interior  capacity  of  the  pipe  is  diminished  by  a  deposit 
of  that  material  with  remarkable  rapidity.  Waters  of  either  of  the  descriptions 
alluded  to  would  evidently  be  improved  by  a  lengthened  course  over  a  clear  rocky  or 
sandy  bed ;  but  it  is  a  matter  of  at  least  equal,  if  not  of  greater  importance,  that  all 
contaminations  from  decaying  vegetable  or  animal  matter  be  excluded,  and  that  the 
atmosphere  with  which  they  are  in  contact  be  pure. 

Well  waters,  if  only  raised  from  shallow  springs  or  in  small  quantities,  are  liable  to 
become  stagnant,  deficient  in  aeration,  and  to  take  up  any  soluble  salts  existing  either 
in  the  ground  or  in  the  masonry.  In  towns,  wells  appear  to  contain  large  proportions 
of  the  nitrates,  and  in  London  at  least  they  are  remarkably  hard ;  at  Manchester 
they  are  selenitic,  but  the  presence  of  the  nitrates  appears  to  check  the  development 
of  vegetable  life,  unless  it  be  that  of  a  peculiar  fresh-water  alga.  In  the  construction 
of  wells,  it  is  advisable  to  use  silicious  materials  as  much  as  possible,  and  to  employ 
the  argillaceous  cements  :  a  precaution  of  still  greater  importance  is  to  place  the  wells 
in  such  positions  as  to  remove  them  from  the  influence  of  dung-pita,  cess-pools,  grave- 
yards, or  other  receptacles  of  decomposing  organic  matter.  The  distance  through 
which  the  putrid  waters  from  the  latter  are  able  to  filtrate  renders  it  advisable  to 
adopt  every  possible  precaution  against  their  entry.  The  subject  of  wells  will,  how- 
ever, be  treated  more  in  detail  under  that  head. 

The  waters  of  large  lakes  are  of  a  quality  intermediate  between  those  of  rivers  and 
of  pools ;  they  must,  however,  be  always  exposed  to  acquire,  in  variable  proportions, 
— of  course,  according  to  their  dimensions,  their  exposure  to  the  wind,  and  the  nature 
of  the  rocks  upon  which  they  repose, — the  qualities  of  stagnant  waters.  Ponds  and 
canals  are  necessarily  still  more  affected  by  these  qualities ;  marsh  waters  possess 
them  to  such  an  extent  as  to  warrant  us  in  laying  down  the  absolute  law  that  they 
should  never  be  resorted  to.  Stagnant  waters  are  ftr  the  most  part  saturated  with 
gases  arising  from  the  decomposition  of  the  vegMttUe  and  animal  matters  they  may 
contain  or  receive,  and  the  contact  of  the  hydrogen  gases  with  the  sulphates  turns 
the  latter  into  foetid  sulphurets  of  the  most  repulsive  and  noxious  description. 

These  remarks  upon  the  nature  of  pond  waters  have  a  practical  bearing  upon  a 
mode  of  collecting  the  rain-fall  over  particular  districts,  which  has  been  lately  brought 
before  the  public  in  a  prominent  manner,  under  the  name  of  *  Gathering  Grounds.* 
In  that  system,  as  it  is  necessary  to  store  the  excess  of  the  winter  rains  to  insure  an 
average  supply  during  summer  droughts,  it  is  necessary  to  form  reservoirs  of  con- 
siderable capacity.  It  is  indispensable,  therefore,  in  order  to  insure  a  comparative 
degree  of  purity,  that  the  water  should  be  received  into  reservoirs  constructed  of 
VOL.  in.  3  0 
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materials  which  are  neither  able  to  impart  any  soluble  salts,  or  to  develop  any  Tege- 
tation.  The  form  of  the  reservoirs  most  be  such  that  the  lowering  of  the  water-line 
should  not  leave  broad  belts  of  moistened  earth  or  masonry ;  in  fact,  the  sides  should 
be  as  nearly  as  possible  verticaL  But  even  when  these  precautions  have  been  ob- 
served, waters  stored  for  any  length  of  time  part  with  their  air,  become  deoxygenated, 
and  allow  any  chemical  reactions  between  the  ingredients  they  may  take  up  from  the 
ground  over  which  they  flow  to  develop  themselves  under  the  most  favourable  con- 
ditions. In  some  of  our  Bast  Indian  Colonies  it  is  often  necessary  to  construct 
'tanks,'  for  no  streams  or  springs  are  to  be  met  with.  In  such  eases,  the  &oes 
exposed  to  the  water  should  be  executed  with  nlicious  stones  bedded  in  cement,  and 
the  tank  must  be  covered.  The  geological  configuration  of  the  tropical  regions  may 
possibly  justify  the  adoption  of  this  tank  system :  but,  and  especially  in  our  own 
oountry,  it  can  only  be  exceptionally  that  it  can  be  advisable  to  resort  to  the  system 
of  storing  rain  or  surface  waters,  should  any  streams  flow  within  a  reasonable  distance 
of  the  locality  to  be  supplied.  It  cannot,  however,  be  too  often  repeated,  that  Engi- 
neering is  a  science  of  expediency, — of  the  adaptation  of  means  to  the  end.  No  abso- 
lute law  can  be  laid  down  in  any  case,  but  every  individual  one  must  be  regulated  by 
the  peculiar  circumstances  affecting  it. 

Should  it  ever  be  necessary  to  use  stagnant  water,  it  may  be  purified  from  its 
noxious  gases  by  ebullition,  and  in  the  same  manner  the  organic  matters  in  suspension 
will  be  deposited.  It  should  then  be  filtered  through  sand,  or  it  would  be  preferable 
to  pass  it  through  pulverised  charcoal.  Air  may  be  communicated  by  allowing  the 
water  to  fall  from  a  height ;  or,  if  only  small  quantities  be  operated  upon,  agitation 
or  simple  exposure  to  the  atmosphere  for  a  few  hours  will  suffice.  Habich  states  that 
stagnant  water  may  be  purified  by  mixing  with  it  a  compound  of  1  part  of  quick- 
lime and  2  of  alum,  or  i  of  animal  charcoal  and  1  of  alum,  in  the  proportions  of  1  of 
the  compound,  in  volume,  to  1000  of  the  water  :  and  leaving  them  in  contact  for  a 
night  will  usually  be  sufficient  to  attain  the  desired  purification.  It  might  be  pre- 
ferable to  throw  the  pounded  charcoal  into  the  water  overnight,  and  to  add  the  alum 
on  the  next  day.* 

When  a  copious  supply  of  water  possessing  the  requisite  sanitary  qualities  shall 
have  been  secured,  there  remains  to  be  settled  the  means  of  conveying  it  to  the  place 
where  it  is  to  be  consumed,  and  of  distributing  it  from  house  to  house.  It  rarely 
happens  that  the  supply  is  to  be  met  with  in  such  positions  as  to  satisfy  all  the  con- 
ditions of  a  theoretically  perfect  distribution.  The  sources  are  situated  either  at  a 
great  distance  from  or  at  a  lower  level  than  the  place  where  they  are  to  be  used,  so 
that  it  is  almost  always  necessary  to  conduct  them  from  a  great  distance  or  to  raise 
their  waters  artificially. 

The  first  operation  required  in  all  works  connected  with  a  distribution  of  water  is 
to  ascertain  the  volume  which  may  be  required  within  a  definite  space  of  time  in  the 
different  seasons  of  the  year,  as  also  the  possibility  of  any  eventual  modification  in 
its  quantity.  If  the  source  of  supply  decided  upon,  in  consequence  of  the  chemical 
analysis,  be  from  springs,  they  should  be  carefully  gauged ;  and,  if  possible,  the 
observations  should  be  extended  over  the  number  of  years  constituting  the  oyde  of 
elimatological  changes  in  the  locality.  Should  it  not  be  possible  to  carry  out  these 
observations  to  the  extent  mentioned,  it  would  be  preferable  to  draw  conclusions  from 
the  average  working  power  of  any  mills,  should  such  exist ;  because  isolated  gaugings 


*  At  the  Capo  of  Good  Hopo,  where  the  frontier  rivers  are  firequently  impregnated  with  the 
soil  from  the  mountains,  being  mixed  with  mud,  equal  to  ^th  and  ^th  of  the  volume,  it  was  the 
practice  to  put  a  small  lump  of  alum  of  about  |  inch  cube  into  two  quarts  of  water,  when 
after  a  few  hours,  it  became  fit  to  uae.—BdUort. 
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ftre  as  often  likely  to  indicate  a  flow  far  beloir  the  arerage  as  tliey  are  at  other  times 

likely  to  indicate  it  in  excess. 

xlea  of  con-         The  second  operation  is  to  settle  the  point  to  which  the  waters  are  to  be  conducted 
cung  supply. 

previoosly  to  the  distribution  to  the  respective  tenements  :  and  to  establish  between 

the  source  and  the  distribution  a  conduit  whose  section  and  inclination  shall  be  suffi- 
cient to  insure  the  delivery  of  the  quantity  required,  should  the  water  flow  between 
the  respective  points  by  gravitation  :  or  to  provide  the  means  of  forcing  the  water  io 
a  higher  level  in  case  the  point  of  supply  be  placed  below  that  of  distribution.  It  ia 
desirable  that  the  latter  be  placed  at  as  great  an  elevation  as  pos^ble,  in  order  to 
facilitate  the  distribution  into  all  parts  of  the  district  to  be  supplied,  and  to  deliver 
the  water  at  the  most  elevated  positions  therein. 

Water  may  be  conducted  between  the  extreme  points  of  the  source  either  by  means 
of  open  canals  or  by  lines  of  pipes  following  an  uninterrupted  direction,  but  at  the 
same  time  adapting  themselves  to  all  the  inequalities  of  the  ground.  In  the  former, 
the  water  only  receives  upon  its  surface  the  pressure  of  the  atmosphere,  and  its 
movement  results  simply  from  the  inclination  of  the  bed.  In  the  latter,  the  water 
usually  occupies  the  whole  internal  diameter  of  the  pipe ;  it  exerts  upon  its  sides  a 
pressure,  which  is  the  greater  in  proportion  to  the  difference  of  level  between  the 
pipe  and  the  source,  or  what  is  usually  called  the  *  head," — and  it  acquires  a  velocity, 
which,  if  all  other  things  be  equal,  depends  also  upon  the  head, 
ising  water.  Water  may  be  jraised  by  means  of  many  different  machines  already  noticed  in  the 
article  on  '  Water  Meadows.'  For  all  practical  purposes,  however,  our  attention  may 
be  confined  to  pumps,  whether  suction  or  forcing,  which  are  set  in  motion  by  steam- 
engines  or  water-wheels, 
ttribution.  The  distribution  into  the  respective  parts  of  a  town  is  effected  by  means  of  a  aeries 

of  mains  and  submains  carrying  it  to  the  positions  where  the  consumption  will  take 
place, 
des  of  con-  When  the  source  of  supply  is  situated  at  a  great  distance,  it  would  appear,  from 
3ting  supp  y.  ^^^  j^^  y^^j^  before  said,  that  it  is  decidedly  better,  so  far  as  quality  is  concerned, 
to  conduct  the  waters  in  open  channels,  than  in  either  covered  aqueducts  or  in  pipes. 
But  as  there  can  be  no  absolute  rule  in  engineering  works,  so  in  this  particular 
instance  circumstances  may  require  that  either  of  the  latter  methods  should  be  em- 
ployed in  preference  to  that  of  open  conduits.  For  instance,  if  the  atmosphere  of  the 
locality  through  which  the  waters  flow  be  contaminated  from  any  natural  or  artificial 
cause,  the  effects  consequent  upon  exposure  to  it  will  be  iujurious  rather  than  bene- 
ficial. If  the  temperature  be  elevated,  not  only  will  the  waters  be  rendered 
disagreeable  as  a  beverage,  but  frequently  they  will  be  chemically  deteriorated,  and  a 
serious  evil  will  be  encountered  in  the  evaporation  if  open  channels  be  used.  In 
tropical  climates,  therefore,  or  near  large  manufacturing  towns,  covered  conduits  are 
necessary  ;  in  the  open  country  of  temperate  climates  they  should  be  open.  Such 
channels  as  the  New  Biver,  near  London,  ought  to  be  covered  :  the  deteriorated 
quality  of  the  water  of  the  Croton  Aqueduct  would  lead  to  the  belief  that  the  latter 
channel  ought  to  have  been  open  in  the  greater  part  of  its  transit, 
sn  channels.  If  the  water  be  not  conducted  in  pipes,  but  in  an  open  channel,  the  fi&ll  must  be 
uniform  in  the  whole  length,  and  the  inequalities  of  the  ground  must  be  overcome  by 
means  of  embankments  or  bridge  aqueducts,  which  maybe  occasionally  of  three  stories 
in  height.  The  ancient  Eomans  have  left  some  very  remarkable  works  of  this  descrip- 
tion, such  as  the  aqueducts  of  Evora,  Merida,  Segovia,  Ntmes,  Metz,  &c.  The 
government  of  the  Lower  Empire  did  not  neglect  these  works  either,  for  the 
aqueducts  near  Ck>nstantinople  are  upon  a  colossal  scale.  In  more  modem  times,  the 
aqueducts  of  Spoletto,  Gknoa,  Caserta,  Lisbon,  Marly,  and  Eoque&vour,  may  be 
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Pip«  oooduita. 


formuLkfor 
open  duHmelB. 


eited,  6Ten  if  we  leave  oat  of  eoDBideration  Buoh  works  bb  the  New  River,  the  Canal 
de  rOorc,  and  the  Oroton  Aqueduct. 

If  the  water  be  conducted  by  a  ppe  oonBtantly  full  to  a  certain  extent,  providing  a 
sufficient  head  exist  at  the  upper  extremityi  it  may  be  made  to  overcome  any 
difference  of  level,  by  descending  one  side  of  the  hill  and  rising  on  the  other,  as  in  a 
reversed  syphon.  The  Romans  occasionally  resorted  to  this  manner  of  obviating  the 
effects  of  deep  valleys,  but  in  consequence  of  their  ignorance  of  metallurgic  arts,  their 
means  of  executing  such  syphons  entailed  too  great  an  expense  to  allow  of  their 
frequent  employment.  A  very  remarkable  instance  of  this  kind  of  Roman  con- 
struction is  to  be  found  in  the  aqueduct  of  Lyons. 

Should  it  be  determined  to  lead  the  water  to  the  point  of  distribution,  supposed  to 
be  at  a  sufficient  elevation  to  insure  the  house  service  by  gravitation  only,  the 
dimensions  of  the  channel  will  be  ascertained  by  the  formula  already  noticed  in  the 
article  on  'River  Navigation.* 

Q  =  8  V,  from  which  we  have  «  =  g. 

Q  =  the  quantity  discharged  pei'  second, 
8  —  the  section  of  the  water-course, 
V  ^  the  mean  velocity  of  the  discharge. 

Aocordbg  to  De  Prony,  the  inclination  I  will  be,      |  I  =  g  (av  +  hf^)» 

• 

P  =  the  wet  contour  of  the  aqueduct^ 

a  =  a  coefficient  of  0*0000444, 

6  =  a  coefficient  of  0  000309. 

Eytelwein  makes  the  coefficients  respectively,  a  =  000024,  and  6  =  000365.    It 

apt)ears  that  for  small  volumes  the  coefficients  given  by  De  Prony  are  the  more 

correct,  but  that  those  of  Eytelwein  are  more  applicable  to  large  rivers. 

Calling  the  quotient  of  the  transverse  section  of  a  water>course,  &,  by  the  wet 

a 

contour,  P,  the  mean  radius,  or  R  ;  it  will  be  R^ — ;  and  the  formula  of  De  Prony 

gives  by  substituting  for  a  and  h  their  values  as  above, 

RI  =  0-0000444  v  +  0-000309  v\ 
from  which  we  may  deduce 

>=  V0005163  +  8233-428  RI  -  0-07185, 
or  nearly 

v  =  56-86  VftI-0072 
From  these  formuloe,  knowing  the  value  of  I  and  R,  that  of  v  may  be  asoertiuned ; 

or  equally,  what  ought  to  be  the  inclination  I,  so  as  to  insure  a  velocity  v  » -1 

S 

The  value  of  R  depends  upon  that  of  the  section  8  and  the  form  of  that  section,  which 

is  much  influenced  by  local  circumstances.     If  the  aqueduct  be  in  wood  or  in 

masonry,  the  sides  may  be  made  vertical ;  and  in  order  to  reduce  the  wet  contour  to 

the  lowest  dimension,   so  as  to  present  the  smallest  frictional  area,  it  is  advisable 

that  the  width  should  be  equal  to  at  least  twice  the  depth.    If  it  be  in  earth,  the 

sides  should  be  inclined,  and  the  width  vary  from  four  to  six  times  the  depth  of  the 

water. 

These  formulae  are  precisely  identical  with  those  used  in  settling  the  dimensions 

and  fall  of  canals  or  derivations ;  but  inasmuch  as  conduits  for  town  supplies  are 

usually  executed  in  masonry,  they  can  more  essily  be  made  to  pass  under-ground  in 

headings,  and  the  bridges  they  require  need  not  be  of  such  large  dimensions  as  those 

for  canals.     The  conduits  in  the  former  case  are  necessarily  covered  either  by  arches 


iduita. 
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or  landings  ;  in  the  latter  the  practice  of  engineers  varies  according  to  circumstanees. 
The  Boman  aqnedacts  were  made  so  as  to  insure  their  being  2  feet  below  the  level  of 
the  ground ;  if  in  embankment,  they  were  nsoally  covered  with  aboat  2|  feet  of  earth. 
In  the  Croton  Aqueduct  the  depth  of  thb  covering  is  increased  to  about  4  feet ;  and 
unless  the  height  of  the  top  water-line  exceed  25  to  80  feet  above  the  lowest  part  of 
the  valley,  it  is  carried  upon  a  solid  wall  of  masonry, 
nstniction  of  In  the  construction  of  the  conduit  care  should  be  taken  that  the  materials  employed 
be  of  a  nature  which  should  not  be  likely  to  affect  the  qualities  of  the  water,  and  that 
the  most  perfect  impermeability  should  be  attained.  Silicious  stones,  fire-clay  bricks^ 
or  decidedly  aigillaceous  limestones,  should  be  preferred  to  such  as  are  able  to  famish 
readily  the  bicarbonate  or  the  sulphate  of  lime.  Hydraulic  limes  (or  better,  Roman 
cement)  alone  should  be  used  ;  but  great  care  is  required  in  the  selection  of  this  class 
of  materials,  because  many  of  the  most  efficient  cements  are  exposed  to  the  serious 
inconvenience  of  giving  out  the  salts  (the  nitrates  or  muriates)  of  soda.  The  Romans 
used  an  artificial  cement  composed  of  lime,  sand,  and  pounded  bricks,  laid  on  in  two 
thicknesses,  the  second  of  which  was  evidently  worked  up  carefully  with  the  hand- 
trowel.  In  many  situations  this  process  might  be  advantageously  adopted  at  the 
present  day.* 

The  dimensions  of  the  different  parts  of  conduits  must  depend  so  much  upon  the 
nature  of  the  ground  to  be  traversed,  and  the  resistances  which  they  may  be  required 
*  to  offer,  that  it  is  dangerous  to  lay  down  any  general  rule.  In  subterraneous  uque^ 
ducts  it  is  usual  to  make  the  width  in  the  clear  about  3  feet  6  inches,  with  a  height 
of  about  7  feet,  in  order  that  they  may  be  visited  easily  ;  but  these  limits  must  vary 
according  to  the  quantity  of  water  to  be  conveyed.  If  the  foundation  be  good,  it 
would  not  be  necessary  to  make  the  floor  more  than  from  13  to  14  inches  thick, 
without  including  the  layer  of  concrete  beneath  it ;  the  side  walls  should  be  from 
1  foot  10  inches  to  2  feet  8  inches  thick ;  and  the  arched  covering  about  14  inches 
thick  at  the  key  if  the  superincumbent  weight  be  not  very  great.  When  the  conduit 
is  carried  over  valleys,  the  thickness  of  the  solid  sustaining  masonry  is  made  some- 
what greater  than  the  external  dimensions  of  the  aqueduct  immediately  below  the 
floor,  and  a  slight  batter  is  given  on  both  sides ;  and  in  bridge  aqueducts  a  set-off  is 
made  at  each  tier  of  arches,  should  there  be  more  than  one. 

The  practice  of  the  Romans  in  the  construction  of  large  bridge  aqueducts  is  far 
more  to  be  depended  upon  than  the  bold  style  of  engineering  introduced  by  Railway 
Engineers,  especially  in  countries  exposed  to  volcanic  action.  The  openings  they  gave 
to  their  arches,  when  executed  in  ashlar,  varied  from  24  to  48  feet  generally,  although 
in  their  Pont  du  Gard  the  arches  over  the  river  have  spans  of  75  feet  8  inches.  When 
executed  in  mixed  ashlar  and  rubble,  the  spans  were  made  from  18  to  36  feet ;  when 
in  rubble  cased  with  brickwork,  from  12  to  24  feet.  The  thickness  of  the  piers 
measured  in  the  direction  of  the  axis  varies  from  ^th  of  the  span  in  the  Font  du  Gard  to 
about  |th  in  the  aqueduct  of  Segovia,  executed  like  the  former,  in  ashUr.  When  the 
arches  and  piers  were  of  brickwork  or  rough  stones,  the  piers  varied  from  |rds  to  |  of 
the  spans.  If  there  were  several  ranges  of  arches,  the  first  from  the  ground  was  usually 
made  2^  times  its  clear  opening  from  the  ground  to  the  under-side  of  the  key ;  the 
second  about  |th  less  in  height,  and  the  third  |th  less  than  the  second.  The  space 
between  the  arcades  was  usually  ^th  of  the  height  of  the  first  range  under  the  key. 
Up  to  a  total  height  of  84  feet  the  arcades  were  made  of  only  one  range  ;  from  90  to 
160  feet  they  were  made  in  two  ;  from  180  to  250  feet,  in  three  ranges. 


*  This  proccM  is  common  in  Sicily  at  tbifi  day.— JGUitor«. 
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Snikll  irelli  were  formed  at  dUtsncM  of  ftbont  enKj  100  yvdi,  to  &Uaw  tfao  depo- 
•ition  of  lay  eitnuiMat  matttn  in  suapeDnoD  ;  Tiiitiiig  and  ur  fiumdB  ver«  alw 
pUeid  from  dlitonce  to  diatuics. 

In  the  CrotoQ  Aqnednet  (he  pnnoijal  details  eDmnenied  \bim  were  fkltbFallj 
eopisd,  and  notirltlutandiiig  (ba  oritadanul  of  wtmo  modem  witten,  thej  msj  be 
•till  conddered,  in  Bpile  of  ume  defecti,  to  be  tluH  called  tor  bj  the  neaegitiea  of 
kot  olimatM.  In  (ha  Soman  aqnsdncla  tMnUon  was  partiallj  saoored  b;  diaeharging 
the  wa(eT  from  the  eondnit  Into  Large  bamni  or  oastalla.  In  the  honaa  diatribation, 
hnrerer,  the  mannera  of  tbs  ancients  gara  rile  (o  ao  diScmnt  a  ajttem  tnn  onr  on, 
that  it  ia  probable  that  the  fonntaina  in  arery  hooM  wonM  obriate  the  want  of  aera- 
tion b  (ha  aqneilact  itaelf.  Tha  Croton  Aqntdnet  ia  in  thia  leapaot  eren  more  defident 
than  the  andent  onei,  ioaomnck  that  no  method  i*  adopted  to  lapplj  tha  raqninte 
qoantitj  of  ait ;  and  it  ia  also  to  be  obaerred  that  the  i^item  of  forming  immenw 
ftrtiSoial  lakci  at  the  heed,  aa  there  eiecnted,  ia  objectionable,  on  aeeoont  of  (he 
fkcilitica  it  aSbrda  for  the  chemical  aetiona  npon  organlied  matter.  The  RonuDa 
■Imoat  ioTariablj  rcaorted  (o  apringa  whoea  flow  was  perennial,  inatead  of  atoring  the 
flood-watera  npon  the  priaeiplea  adopted  b;  the  American  engineera. 

The  main  feeder  of  the  diatribntiog  pip«s  of  Faria  ia  a  good  euunpU  of  a  eondnit 
b  aolid  roMotaj.  The  larger  one  ia  aboat  1 }  mile  long,  and  baa  a  total  fUl  of 
i  inchaa  only  in  the  length  ;  (ha  amaller  one  fa  a  anbaidiaiy  branch  IdId  one  of  the 
Inoat  popular  qnarten,  and  i«  about  333  jarda  long. 


I,  In  aome  coaea  where  the  depth  of  the  ralle?  ia  very  great,  and  tha  nnmberof  arclie* 
required  (o  OTereoma  the  difference  of  lerel  becomaa  too  eomiderable,  bridga 
aqnednoto  luTe  been  replaced  b;  ifphon  bridgea.  In  (heaa  the  pipea  are  made  to 
fallow  the  con(«uiB  of  the  TaUera,  bat  an;  aaddca  in«gn1ariUca  are  eomponaated  for 
bj  a  aeries  of  low  archea,  with  a  regular  inelinatioQ  upon  (ba  ddea,  and  bj  an 
ordinarj  bridge  in  tha  bottom.  On  (be  aummita  of  the  reepeotire  hilla  are  placed 
neerroira,  and  the  water  descending  from  ona  will  riae  intu  tha  other,  to  a  height 
eorreaponding  with  the  head  upon  (he  pipea  minoa  (he  loas  arimng  from  the  friction, 
and  anj  difference  in  the  aectional  ares  of  the  pipes  from  that  of  (he  condniL  The 
jHpea  forming  (ha  ajphoa  maybe  either  of  lead  or  iron,  the  thiekoea  being  naiiawrilj 
in  propoTtJoQ  to  the  bead  upon  (hem- 
In  (he  conrae  of  the  Bomau  aqueduct  leading  the  water)  ft-om  the  Uount  His  to 
Ljon  ia  a  vcr;  lemarhabla  ajphon  bridge  of  this  dcMriptica.     Tha  TaUe;  iteelf  ia 
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nbout  2600  feet  aeroeg,  with  a  depth  of  217  feet^  but  there  ia  an  arcade  in  the  lower 
part  reducbg  the  length  of  the  descending  limb  to  164  feet  :*that  of  the  ascending 
limb  is  142  feet  2  inches  ;  and  the  length  of  the  arcade  is  about  460  feet.  The  pipes 
are  of  lead;  for  one-half  of  the  descent  they  were  8f  inches  diameter,  and  l^th 
inch  thick ;  and  for  the  remainder  of  the  descent,  along  the  lerel  arcade,  and  for  the 
first  half  of  the  ascending  limb,  they  bifurcated  into  smaller  pipes  6  inches  in 
diameter ;  at  the  last  point  they  were  re-united  Into  pipes  of  8  inches  diameter,  and 
so  continued  to  the  lower  oastellum.  There  were  nine  pipes  communicating  with 
the  castella,  and  eighteen  upon  the  bottom  part  of  the  syphon. 

The  aqueduct  of  Genoa  has  also  in  its  course  a  syphon  bridge,  traversing  the  Talley 
of  the  torrent  Geirato,  between  the  hiUs  of  Mohissana  and  Kno.  The  horisontal 
distance  between  the  two  extremities  is  about  2193  feet  7  inches  :  the  lerel  part  of 
the  syphon  is  164  feet  below  the  upper  reservoir,  and  the  ascending  limb  has  a 
perpendicular  height  of  189  feet  8  inches,  making  the  loss  of  head  24  feet  4  inches. 
The  pipes  are  of  cast  iron,  in  lengths  varying  from  2  feet  6  inches  to  2  feet  10|  inches ; 
their  diameter  is  nearly  14J  inches,  thefr  thickness  about  |  of  an  inch.  This  syphon 
is  of  modem  date,  it  was  erected  in  1782.  But  the  most  important  syphons  ever 
executed  are,  perhaps,  the  one  in  the  Manhattan  Valley  o^  the  Croton  Aqueduct^ 
which  has  actually  two  pipes  5  feet  in  diameter,  with  a  vertical  depression  of  102  feet, 
and  the  great  pipes  on  the  Bivington  Pipe  Water  Works  at  Liverpool. 

In  works  of  this  description  it  is  necessary  to  provide  means  for  discharging  the 
air  brought  down  by  the  water,  which  has  a  tendency  to  accumulate  in  the  lower 
portion  of  the  syphon.  The  ancients  effected  this  object  by  means  of  an  ascending 
pipe,  rising  from  near  the  point  where  the  change  of  direction  is  from  the  descending 
to  the  horizontal  part,  to  a  height  somewhat  above  the  castellum  at  the  head.  In 
modem  syphons,  air  vessels  which  allow  the  escape  of  the  air  when  it  attains  a 
certain  pressure  are  used  for  this  purpose. 

When  valleys  of  great  width  are  to  be  traversed,  a  series  of  syphons  may  some« 
times  be  advantageously  formed  upon  the  principle  of  the  Souterasici  of  the 
engineers  of  Lower  Greece  and  of  the  Turkish  empire.  These  consisted  of  pipes 
starting  from  an  upper  reservoir,  descending  to  the  bottom  of  the  valleys,  and  rising 
again  into  a  series  of  intermediate  reservoirs,  serving  both  as  a  means  of  discharging 
the  air  and  as  head  reservoirs  for  the  subsequent  divisions  of  the  syphon.  The  inter* 
mediate  reservoirs  are  erected  upon  piers  of  masonry,  at  gradually  diminishing 
elevations,  on  account  of  the  loss  of  head  occasioned  by  the  friction  of  the  bends. 
The  distances  apart  of  the  piers  were  usually  made  about  500  or  1000  feet,  and  the 
difference  of  level  between  the  wafer  in  two  separate  reservoirs  was  usually  4  inches. 

Conduits  in  masonry,  if  forced  to  pass  in  the  direction  transversely  to  a  line  of  hills, 
must  occasionally  be  carried  through  them  in  tunnels.  If  the  height  of  the  hills  does 
not  exceed  28  feet,  a  syphon,  set  into  action  by  filling  both  limbs  from  above,  will 
carry  the  water  over  them  ;  but  in  such  works  greater  precautions  are  necessary  than 
in  the  descending  syphons,  because  if  any  appreciable  quantity  of  air  accumulate  in 
the  upper  part  so  as  to  occupy  the  bend,  the  action  of  the  syphon  will  be  stopped. 

From  numerous  experiments  it  would  appear  that  a  velocity  of  14  inches  per 
second  is  indispensable  to  prevent  the  fermentation  and  decomposition  of  the  oi^ganio 
matters  contained  m  any  water-course  in  warm  weather.  This  limit  should  be  adhered 
to  as  closely  as  possible,  in  order  to  secure  the  delivery  of  the  water  at  the  highest 
point  in  the  position  from  which  the  distribution  will  take  place. 
9  conduits.  Should  the  quantity  of  water  to  be  conveyed  not  be  of  sufficient  importance  to 
jpstify  the  constmction  of  an  open  conduit  in  masonry  with  a  uniform  inclination,  or 
should  the  water  be  derived  from  a  souree  situated  at  a  lower  level  than  the  diitri- 
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Imting  reserroir,  into  vLich  it  is  to  be  raised  by  mechanical  power,  it  la  neoewary  to 
employ  pipes. 
Pipes  are  occasionally  of  wood,  of  pottery,  of  cast  or  wronglit  iron,  or  of  lead. 
Wooden  pipes  are  exposed  to  the  serious  objection  that  they  commnnicate  a  dis- 
agreeable flayour  to  the  water  in  many  cases,  and  they  are  ill-adapted  to  the  infinite 
modifications  required  in  a  house  distribution. 

Pottery  pipes  are  economical,  and  often  the  most  fitted  to  convey  spring  waters 
containing  certain  soluble  salts.  They  are  not  able,  however,  to  support  a  great 
pressure  of  water ;  and,  generally  speaking,  they  occasion  a  sufficient  degree  of  fric- 
tion to  cause  the  earthy  matters  in  suspension  to  deposit.  It  is  found  practically, 
moreover,  that  the  roots  of  trees,  which  naturally  absorb  much  water,  will  be 
attracted  towards  them  from  great  distances,  and  that  eventually  they  force  their  way 
throygh  the  mortar  joints,  and  choke  up  the  bore  of  the  pipes.  The  use  of  cements 
attaining  the  hardness  of  the  Portland  cement  might  obviate  this  inconvenience  to  a 
certain  extent. 

Cast-iron  pipes.  Pipes  of  cast  iron  are  generally  preferred,  on  account  of  their  strength,  of  the 
fiusillty  with  which  they  can  be  adapted  to  any  change  of  direction,  and  of  their 
durability.  Some  waters  appear,  however,  to  exercise  a  remarkable  influence  in 
developing  their  oxldatioo,  thus  giving  rise  to  the  formation  of  tubercles  which 
diminish  the  sectional  area  of  the  pipes,  and  render  frequent  examination  and 
cleansing  necessary.  This  subject  is  still  involved  in  considerable  obscurity ;  but  in  a 
note  Inserted  by  M.  Payen  in  the  *  Annales  des  Pouts  et  Chauss6es,'  1837,  will  be 
found  a  summary  statement  of  the  received  opinions  upon  the  subject.  It  appears 
from  this,  that  aerated  waters,  slightly  alkaline,  are  the  most  likely  to  produce  the 
effect  above  mentioned.  Qrey  cast  iron  is  more  exposed  to  it  than  whiter  metal ;  and 
it  appears  that  if  the  pipes  be  coated  with  a  solution  of  hydraulic  lime^  or  with  linseed 
oil  containing  litharge,  the  formation  of  the  tubercles  is  likely  to  be  retarded. 
Chloride  of  sodium  in  small  quantities  exercises  very  great  influence  upon  their 
development.  Great  precautions  must  be  taken  against  the  contraction  and  expansion 
of  the  metaL 

Wrooght-iron  Wrought-iron  pipes  have  lately  been  introduced  instead  of  cast*iron,  the  inner  &ce 

^^^^'*'  being  galvanized,  and  the  outer  face  protected  by  a  coating  of  asphalte.     It  has  been 

found,  however,  that  very  serious  inconvenience  is  attached  to  their  use  ;  because,  if 
by  any  subsidence  of  the  ground  below  them  the  superincumbent  weight  should  com- 
press the  pipes,  the  sectional  area  would  be  diminished  without  any  external  indication 
to  show  where  the  interference  with  the  flow  existed.  In  fact,  the  elasticity  of  these 
pipes  is  an  evil :  cast  iron  would,  under  the  circumstances  supposed  above,  either  not 
yield  to  the  pressure,  or,  if  the  latter  exceeded  certain  limits,  it  would  break,  and 
thus  render  apparent  (by  the  flow  of  water)  where  the  injury  had  taken  place.  Small 
pipes  of  wrought  iron  are,  however,  much  used  when  there  are  no  abrupt  changes  of 
direction. 

Lead  pipefl.  Lead  pipes  of  large  dimensions  are  now  seldom  employed  for  the  distribution  of 

water,  unless  it  be  in  the  house  services,  as  the  pipes  leading  the  water  into  houses 
are  technically  called.  They  can  convenientiy  be  drawn  up  to  a  diameter  of  3  or  ^ 
inches ;  beyond  that,  they  are  obliged  to  be  formed  by  soldering  a  longitudinal  joints 
ofT  by  casting.  In  the  latter  case,  the  length  can  hardly  exceed  10  feet,  which  would 
require  nearly  as  many  joints  as  for  cast-iron  pipes.  Moreover,  if  the  head  of  water 
be  very  great,  the  thickness  would  require  to  be  proportionally  increased.  For  house, 
services  lead  pipes  are  the  most  convenient^  on  account  of  the  ease  with  which  they 
oan  be  made  to  bend  in  any  direction. 
Jjead  is  exposed  to  be  acted  upon  by  certain  waters ;  but  its  effects,  when  lo  acted. 
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vpoD,  are  fiur  more  pregudiciAl  to  health  than  those  aiiaijig  firom  the  deoompoeition  of 
iroD  pipes.  There  is  still  great  obsenrity  about  this  important  chemical  question ; 
but  it  would  appear  that  there  is  some  connection  between  the  two  actions,  for  the 
same  waters  which  destroy  lead  by  the  formation  of  the  carbonates,  affect  iron  by 
giving  rise  to  the  formation  of  the  hydrous  oxides. 

The  formula  for  ascertaining  the  thickness  to  be  given  to  a  cylindrical  pipe  exposed 
to  a  certain  internal  pressure  is  usually  given  as  follows : 

pr 


x  = 


c-r* 


in  which 


|)  =  the  pressure  per  square  inch ; 

r  B  the  radius  of  the  interior  diameter  ; 

c  =:  the  cohesive  strength  of  the  metal  per  square  inch. 
In  practice,  however,  the  dimensions  obtained  by  the  application  of  the  formula 
are  sometimes  neglected,  and  they  ai*e  made,  especially  in  the  smaller  diameters, 
thicker  than  theory  would  require,  on  account  of  the  difficulty  of  obtaining  sound 
castings  when  the  metal  is  of  slight  thickness.  It  is  customary,  also,  to  place  two 
belts,  of  about  8  inches  wide  and  i  an  inch  projection,  in  the  length  of  the  cast-iron 
pipes  when  the  diameter  is  above  3  inches.  Mr.  Hawksley  adopts  the  formula 
x=0'lS  y/dio  ascertain  the  thickness,  making  it,  in  fact,  about  \  of  the  square  root 
of  the  diameter. 
U  thickness.  The  following  Table  gives  the  usual  dimensions  of  cast-iron  pipes,  with  their 
weights,  up  to  15  inches  diameter. 


Internal 

Diameter  of 

Pipe. 

No.  of  Delta 
per  Pipe. 

length  over 
Joint. 

Net  Length 
in  work. 

Weight  per 
Pipe. 

Tbickuces  of 
BarreL 

in. 

ft.      in. 

ft.      in. 

cwt.  qra.  lbs. 

in. 

14 

•  •  ■ 

4        9 

4        6 

0     10 

0-288 

2 

•  •  • 

6        4 

6        0 

0     1     21 

0-3 

24 

«  •  • 

6        4 

6        0 

0     2       5 

0-313 

3 

•  •  • 

9        4 

9        0 

0     3     24 

0-325 

4 

Two  belts. 

1     1     12 

0-35 

5 

), 

13       6 

0-375 

6 

,, 

9       6 

2     1       4 

0-4 

7 

}f 

2     3       8 

0-425 

8 

II 

3     1     15 

0-45 

9 

tt 

4     0      2 

0-475 

10 

II 

4     2    21 

0-6 

11 

11 

5     0     17 

0-525 

12 

II 

6     10 

0-55 

13 

II 

6     3    14 

0-675 

U 

II 

8 

7    2    20 

0-593 

15 

11 

11 

8     1     13 

0-612 

The  dimensions  of  lead  pipes  may  be  calculated  by  the  formula  x= 


^pr 


Mr.  Jar* 


c-»- 


dine,  of  Edinburgh,  found  that  a  pipe  1}  inch  diameter  and  }th  inch  thick  resisted  a 
head  of  1000  feet,  but  that  it  burst  with  a  head  of  1200.  Another  lead  pipe 
2  inches  diameter,  and  also  |th  inch  thick,  resisted  a  head  of  860  feet,  but  burst  with 
a  head  of  1000  feet.  The  usual  thickness  of  lead  pipes  in  commerce  is  about  ^th  of 
an  inch,  and  the  weights  per  foot  run  are  as  follows : 


Thickness. 

lin.  1 

liin. 

H  n. 

l|in. 

14  in.     .l|in. 

If  in. 

2  in. 

Weight  . . 

4-85 

5-34 

5-81 

6-3 

6-79        7-27 

7-76 

8-73 

^64 
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Belidor  states  tBat  a  large  lead  pipe  13  inches  diameter  and  ^hs  thick  win  resist 
a  pressure  of  three  atmospheres.  The  pipes  in  the  Gardens  of  Versailles  are  2  feet 
1}  inch  diameter  and  If  inch  thick. 

In  addition  to  the  formula  expressing  the  uniform  morement  in  an  open  channel, 
before  given,  De  Prony  also  ascertained  one  to  express  the  morement  in  a  regular 
cylindrical  pipe  ;  it  is  as  follows  : 

DJ 

Y  =  av  +  hiP  =  O"O00O173  v  +  0'000348  v^, 

rom  which  we  derive 

v=   /y/o0062  +2871-44  ^_  0-025, 

or  nearly  v  =  63-58  \/ ^  "  0'025. 

V  =  the  mean  uniform  velocity ; 

D  =  the  inner  diameter  of  the  pipe  ; 

J  =  the  inclination  per  mdtre  (or  per  yard) ; 

a  =  a  coefficient,  made  by  De  Prony  0*0000173,  and  by  Eytelwein  0*0000222  ; 

6  =  a  coefficient,  according  to  De  Prony  0 '000348,  and  by  Eytelwein  0-000280. 

When  V  is  given,  the  discharge  will  be  ascertained  by  the  formula 

irD2  irD2 

Q  =  S  V  »  "iT* »  "*  which  S  «  —r-*  =  the  sectional  area  of  the  pipe. 

Gdnieys  gives  a  convenient  formula  applying  to  the  case  of  a  pipe  of  uniform  dia- 
meter receiving  its  water  from  a  reservoir  at  a  high  level,  and  discharging  it  constantly 
into  another  reservoir  at  a  lower  point.    It  is 

H  +  C-  H' 
Q  =  c  .^ ^ D»,  in  which 

Q  =  the  quantity  to  be  discharged ;  D  =  the  diameter ; 

A  =  the  length  of  the  pipe ;  C  =■  the  difference  of  level  between  the  extreme 

orifices  ; 
H  and  H'  =  the  heads  upon  these  orifices  respectively  ; 
e  =  a  coefficient  varying  with  the  velocity  of  the  water,  as  follows  : 


Velocity  per  second 


c  • 


2  in. 


4  in. 


15-06  .  17-22 


Sin. 
18-83 


12  in. 
19-50 


16  in.  '  20  in. 


19-84    20-07 


78  in. 
20-79 


00 

21-043' 


The  formula  given  in  Beardmore's  Tables  is,  however,  more  simple,  and  sufiiciently 
accurate  for  practical  purposes.  It  is  given  to  ascertain  the  discharge  when  the 
diameter,  the  head,  and  the  fall  of  the  pipe  are  known,  but  of  course  everybody  who 
is  accustomed  to  the  use  of  formula  can  ascertain  the  other  terms  of  an  equation  if 

ly  one  be  unknown.    The  formula  is J_ ,  in  which  c?  =  the  diameter 

/' 
Vt 


on 


m 


fbet,  h  ^  the  head  in  feet,  and  I  ^  the  length  also  in  feet.    Mr.  Beardmore  gives 
another  formula  to  be  used  when  the  head,  length,  and  discharge  are  given  to  find 


the  diameter  ;  it  is  a  =  0-236 


^-^■' 


in  which  I  and  h  are  as  before,  and  j  =  the 


quantity  to  be  discharged.     He  has  calculated  the  results  of  the  application  of  theso 
formuhe,  which  will  be  found  in  his  very  valuable  series  of  Tables. 
A  very  important  allowance  has  usually  to  be  made  m  praotioe^  ea  aeconnt  of 
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the  frietion  at  tiie  ohMigei  of  direetioD,  or  eren  on  aeoonnt  of  the  irregulArltiei  in 
laying  the  pipes.  Navier  states  that  the  loss  of  head  oooaaioned  bj  a  hend  may  be 
ascertained  by  the  formula 

p  =  l^fooo^dl  +  0-0186\-.* 
2ff\  r  Jr 

p  s  the  loss  of  head,  owing  to  the  bend ; 

tf  s  the  mean  Telocity  in  the  pipe ; 

r  ^  the  radius  of  the  axis  of  the  bend  ; 

a  =  the  derelopment  of  the  arc  formed  by  the  axis. 

From  this  it  would  appear  that  p  is  proportional  to  the  square  of  the  mean  Telocity 
and  to  the  length  of  the  arc, — it  is  a  function  of  the  radiiis,  and  independent  of  the 
diameter  ;  and  that  p  diminishes  in  proportion  as  r  increases. 

It  is  usual  to  make  r  of  the  following  dimensions  when  side  mains  branch  off  from 
a  leading  one ; 


Diameter . . 

2  to  3  in. 

3  to  4  in. 

6  in. 

Sin. 

10  in.  and  upwards. 

Badius . . .  • 

1  ft.  6  in. 

1  ft.  8  in. 

2  ft.  6  in. 

8  ft.  6  in. 

5  feet. 

th  of  pipes 
isurfiaceand 
rprecaa- 
I. 


Beardmore  giTes  as  the  formula  upon  which  his  Table  of  the  Friction  of  Bends  was 
calculated, 

h  =s  i;«»8ine«0-003, 

in  which  k  ^  the  theoretic  loss  of  head  ;  o  =  the  mean  Telocity ;  n  =  the  number  of 
bends  if  their  angles  be  equal ;  or  if  they  differ,  then  v  will  be  multiplied  by  the 
sum  of  their  sines,  and  the  product  by  the  coefficient  0*003.  Beardmore  also 
obserres  Tcry  justly,  that  the  loss  of  head  Taries  not  only  according  to  the  size  of  the 
angle,  but  also  to  the  Yolume  to  be  carried ;  and  that  the  square  root  of  the  hydrauUe 
mean  depth  will  the  most  correctly  express  the  variable  term  of  resistance,  and  the 
loss  of  head  should  be  dlTided  by  this  quantity,  to  givo  the  real  resistance.  Accord- 
ing to  him  the  formula  for  pipes  becomes  then,  h  = ^ :  he  has  calculated 

a  Table  whose  results  are  sufficiently  accurate  for  any  practical  purposes,  upon  these 
data. 

In  vertical  bends,  the  rate  of  delivei7  is  further  diminished  by  the  collection  of  the 
air  in  the  upper  portion,  and  by  the  retardation  of  the  flow  occasioned  by  the  fact 
that  a  definite  proportion  of  the  dynamical  effect  of  the  head  is  absorbed  in  over* 
coming  the  resistance  of  the  column  of  water  to  be  lifted  on  the  lower  side  of  the 
bend.  To  obviate  these  inconveniences,  it  is  necessary,  firstly,  to  place  air-vessels 
OTcr  the  upper  parts  of  the  bend ;  and  either  to  increase  the  diameter  of  the  pipe 
before  arriving  at  it,  or  to  accelerate  the  flow  in  the  portion  above  the  bend. 

In  positions  where  main  feeding  pipes  are  exposed  to  shocks  or  to  the  action  of 
frost,  it  is  necessary  to  cover  them  carefully  with  earth  or  sand.  Usually  they  are 
had  about  four  feet  from  the  surface.  It  may  frequently  be  necessary  to  lay  down  a 
double  line  of  pipes,  with  occasional  communications,  to  insure  the  supply  when  any 
repairs  are  required.  In  pipe-conduits  of  great  length,  the  head  will  exercise  very 
different  effects  at  the  upper  and  lower  extremities,  so  that  it  may  frequently  be 
advisable  to  vary  the  dimensions  and  thickness  of  the  pipes.  The  form  of  the  nozzle^ 
or  sluices,  will  often  exercise  a  considerable  influence  upon  the  rate  of  flow,*-and  in 
flne^  there  are  bo  many  disturbing  causes  likely  to  interfere  with  the  suooesefol  action 
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of  Buoh  pipe-oondnltB,  that  it  is  impossible  to  dwell  too  Btrongly  ixpoD.  tihe  neoenity  for 
Btudying  their  most  nnimportant  details. 
BeMrroIrs.  Hitherto  we  hare  only  considered  the  case  of  a  supply  obfauned  from  po^nnial 

springs  at  sufficient  height  to  allow  the  water  to  flow  by  gravitation.  Bat  in  the  fint 
place,  there  is  almost  always  a  great  variation  in  the  rate  of  supply  by  the  springi^ 
and  in  the  consumption,  which  renders  it  necessary  to  equalise  the  flow  by  storing  the 
excess  of  some  seasons  of  the  year  against  the  want  of  others.  In  order  to  prevent 
the  water  thus  stored  in  the  reservoirs  from  becoming  stagnant^  it  is  advisable  that 
they  should  be  traversed  by  a  running  stream.  The  sides  and  bottom  should  be,  ss 
before  said,  in  masonry,  or  of  some  material  which  would  not  be  likely  to  contain  the 
soluble  salts  ;  and  if  near  towns,  or  in  countries  where  the  beat  is  great^  they  should 
be  covered  over,  if  that  course  could  be  adopted  within  any  reasonable  limits  of 
economy,  because  the  difference  in  the  cost  of  covered  and  open  reservoirs  is  enormous. 
Open  reservoirs  for  water  supply  may  be  constructed  at  an  average  rate  of  £600  per 
million  gallons  in  the  greater  number  of  localities  in  our  own  country  ;  the  only  large 
covered  one  erected  of  late  years  for  that  purpose  cost  £4000  per  million  gallons.  It 
must  then  be  a  question  to  be  considered  whether  the  extra  expense  be  absolutely 
required. 

The  dimensions  of  the  retuning  walls  of  these  reservoirs  will  be  aseertMned  by  the 
rules  already  given.  A  horizontal  circular  section  is  not  only  the  most  eeonomieal, 
insomuch  as  it  contains  the  greatest  surface  within  a  given  development,  butabo 
because  its  form  is  the  most  fitted  to  resist  the  thrust  of  the  earth,  when  the  reser- 
voir is  to  be  sunk  in  the  ground.  The  floor  of  these  reservoirs  must  be  indined 
towards  a  scouring  or  cleansing  pit,  and  in  addition  to  the  induction  and  ednetion 
pipes,  it  must  have  a  pipe  at  the  bottom  of  the  cleansing  pit,  to  be  closed  by  a  valve» 
and  an  overflow  pipe.  It  is  advisable  also  to  establish  a  communication  between 
the  induction  and  the  eduction  pipe,  in  case  any  repairs  should  be  wanted  in  the 
reservoir. 

The  capacity  of  what  may  be  called  'compensation  reservoirs'  must  of  course 
depend  upon  the  variations  in  the  supply, — in  fact,  according  to  whether  they  be  fed 
by  shallow  or  deep-seated  springs,  or  by  the  collection  of  surface  waters,  and  also  to 
the  rain-fall  of  the  district.  The  latter  is  very  variable,  not  only  according  to  the 
seasons  of  the  year  and  the  latitude,  but  also  according  to  the  elevation  of  the  par- 
ticular locality,  so  much  so  as  to  render  it  dangerous  to  lay  down  any  d  pri4iri 
rule.  Experience  in  our  own  country  has,  however,  shewn  that  a  supply  equal  to 
six  months*  consumption  is  required  to  be  stored  in  the  wet  season,  to  insure  the 
means  of  an  undiminished  distribution  in  dry  weather,  whenever  the  water  is  collected 
from  the  surface.  It  is  also  very  questionable  whether,  on  the  average  of  a  great 
number  of  years,  it  be  possible  to  depend  upon  obtaining  more  than  |th  of  the  rain- 
fall in  any  country  exposed  to  long  intervals  of  dry  weather,  however  well  the  drainage 
may  be  performed.  The  very  remarkable  works  executed  by  Mr.  Thorn  at  Greenock 
were  designed  so  as  to  store  six  months*  supply,  even  in  the  comparatively  very  wet 
district  of  the  Western  Highlands  of  Scotland.  The  results  obtained  in  the  several 
canal  reservoirs  confirm  Mr.  Thomas  precaution. 

It  may  happen,  however,  that  although  the  yield  of  the  springs  from  which  the 
supply  may  be  derived  may  be  variable,  they  may  yet  possess  a  degree  of  constancy 
in  their  flow  essentially  different  from  the  rain-fall.  Thus,  if  the  streams  be  given  off 
from  a  geological  formation  of  great  thickness  and  with  a  great  capacity  for  water,  it 
will  become  to  a  variable  extent,  according  to  the  circumstances  of  the  case,  a  natural 
reservoir.  Long  continued  observations  are  therefore  required  to  ascertain  tbe  extreme 
rariations ;  for  it  is  to  be  observed  that  as  water- works  are  designed  to  insure  a  supply 
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under  the  meet  nn&Tonrable  circnmBtanees,  it  U  more  necessary  to  know  the  minimum 
yield  of  the  source  of  the  supply  than  the  average.    In  England,  the  average  cycle  of 
the  seasons  is  of  aboat  seventeen  years'  duration  ;  no  gaugings  of  streams,  then,  are 
worthy  of  notice,  unless  they  extend  over  that  length  of  time.      The  different  con* 
ditions  of  the  permeability  of  the  water-bearing  stratum  will  also  so  far  affect  the  rate 
at  which  the  rain  water  can  reach  the  springs,  and  the  proportions  of  the  water  {Missed 
into  the  earth  or  evaporated  from  the  surface,  that  it  becomes  even  more  impossible  to 
reason  d  priori  on  the  subject  of  springs  than  it  is  upon  that  of  the  rain-fall. 
>d8  to  bo         It  very  frequently  happens  that  large  centres  of  population  are  seated  upon  the 
f  be  at  a     banks  of  rivers  whose  waters  are  perfectly  fresh,  whilst  at  the  same  time  no  source  of 
^^*  sufficient  abundance  can  be  found  at  an  elevation  such  as  to  allow  of  its  distribution 

by  gravitation.  London,  Paris,  Philadelphia,  and  numerous  other  cities,  are  in  thia 
position,  and  it  becomes  then  necessary  to  raise  wator  by  artificial  means.  In  the 
large  quantities  required  for  a  town  consumption,  the  choice  of  the  mechanical  powers 
18  narrowed  to  either  water-power  or  stoam- power,  and  local  circumstances  must 
always  decide  which  should  be  adopted.  Wherever  it  is  possible  to  obtain  sufficient 
power  from  a  stream,  there  can  be  no  doubt  but  that  a  water-wheel  will  be  the  most 
eoonomical ;  and  in  such  cases  as  the  town  of  Richmond  in  Virginia,  Philadelphia,  and 
Toulouse,  it  has  been  successfully  applied.  But  in  other  cases,  either  from  the  inter- 
ference of  tides,  from  the  irregularity  of  the  flow  in  summer,  or  the  ice  in  winter, 
steam-power  is  indispensable ;  and,  in  fact,  the  improvements  in  the  steam  engine, 
combined  with  the  diminished  price  of  coals,  have  led  in  most  cases  to  the  substitution 
of  steam-power  for  water-power, 
e-powor.  Engineers  at  the  present  day  appear  to  be  agreed  upon  this  point,  that  when  the 
power  of  the  engine  required  to  raise  the  water  exceeds  20  to  25  horses,  the  Cornish 
pumping-engine  b  the  most  advantageous.  Below  that  power  the  first  cost  of  the 
engine  becomes  comparati?ely  so  much  increased  that  it  is  preferable  to  employ  a  more 
direct-acting  engine.  The  economy  of  working  Cornish  engines,  moreover,  hardly 
exists  when  they  are  small. 

In  the  article  upon  Water  Meadows  (ante),  in  Mr.  Wicksteed's  account  of  the  East 
London  Water- Works,  his  papers  on  the  Cornish  Engine,  and  in  Mr.  Poole's  valaable 
treatise  on  the  latter  subject,  will  be  found  more  copious  and  useful  information. 
The  reader  is  also  referred  to  Mr.  Hawksley's  evidence  before  several  of  the  late 
Parliamentary  Committees,  to  the  account  of  the  Public  Works  of  America,  and  to 
D'Aubuisson's  account  of  the  Water-Works  of  Toulouse,  for  much  interesting  and 
practical  matter  connected  with  the  raising  of  water. 

The  power  required  either  for  a  steam  or  water-wheel  pumping  establishment,  is 
ascertained  by  calculating  the  horse-power  upon  the  basis  of  83,000Ibs.  lifted  one  foot 
high  per  minute,  and  the  resistance  to  be  overcome  by  multiplying  the  number  of 
gallons  to  be  raised  per  minute  by  the  dead  lift,  plus  an  allowance  for  friction,  which 
is  usually  taken  at  12  feet  per  mile,  unless  there  should  be  any  important  vertical  bends. 
Dg  reser-  Whatever  be  the  motive  power  adopted,  it  is  almost  always  necessary,  when  the 
source  of  supply  is  a  large  river,  to  form  settling  reservoirs,  in  which  the  waters  may 
deposit  any  matters  they  may  contain  in  suspension,  and  also  very  frequently  to  con- 
struct filters  for  the  greater  purification  of  the  waters.  The  dimensions  of  the  settling 
reservoirs  must  depend  to  a  great  extent  upon  the  greater  or  lesser  degree  of  purity 
of  the  waters  ;  those  of  the  filters  depend  upon,  firstly,  the  mode  of  filtration  adopted ; 
and  secondly,  upon  the  head  of  water  acting  upon  the  medium.  Three  days'  supply 
is  the  minimum  which  ought  to  be  admitted  for  the  former  :  the  rate  of  filtration 
varies  from  76  to  200  gallons  per  foot  Buperfidal,  per  day,  of  the  enrfaoe  of  the 
filters. 
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FUten.  In  the  setiling  reflenroin  the  effisoi  produced  upon  the  ir»ter  miiat  prindpaUy  be 

mechanical,  for  it  rarely  happens  that  the  water  ia  kept  long  enough,  in  them  to  allow 
of  any  efficient  chemical  action.     In  the  filters  the  action  may  be  either  chemical  or 
mechanical,  bat  the  expense  attending  the  former  is  so  great  that  it  is  hardly  posnble 
to  develop  it  upon  the  scale  required  for  a  town  supply.     Hitherto^  no  ingredient  hat 
been  discovered  which  possesses  the  disinfectant  properties  of  the  animal  charcoal ; 
but  as  it  is  necessary  that  the  water  to  be  filtered  through  it  should  previously  have 
been  cleared  from  the  grosser  particles  in  suspension  by  passing  through  a  ooazser 
description  of  filter,  and  that  subsequently  the  water  should  again  pass  through  some 
other  filtering  medium  to  insure  its  freedom  from  anj  particles  of  chaiooal,  we  may 
safely  consider  that  so  complicated  a  process  is  beyond  the  reach  of  the  public  puie. 
A  supply  taken  from  the  most  perfect  mechanical  filter  with  as  great  rapidity  as  the 
latter  can  yield  it^  will  in  almost  every  case  satisfy,  not  only  the  public  demand^  but 
also  the  real  exigencies  of  the  case. 

There  are  several  kinds  of  mechanical  filters,  of  which  Uie  system  adopted  by  Mr. 
Thom,  at  Paisley,  that  of  the  Chelsea  Water- Works,  that  used  at  Nottingham  and 
Toulouse,  and  the  recent  application  of  filtering  slabs,  whether  natural  or  artificial, 
are  the  most  important.    Of  these,  the  system  used  at  Nottingham  and  Toulouse  is 
the  most  economical  when  the  bed  of  the  river  is  formed  of  materials  suitable  to  ils 
application.     It  consists  in  the  construction  of  filter-tunnels  in  the  sand  upon  the 
banks ;   the  water  becomes  purified  by  tiie  fact  of  the  adrentitioua  matter  being 
retained  in  the  bed  of  the  river,  from  which  it  is  washed  away  by  the  action  of  the 
stream.     If,  however,  the  river  carry  down  much  clay,  sudi  tunnela  will  beeome 
ehoked  in  a  very  short  time  ;  if  the  sands  contain  any  salts  of  iron,  lime,  or  nitre^  the 
water  will  be  affected  by  them.     It  rarely  happens  that  rivers  rc41  upon  beds  of  pure 
silicious  sand,  and  even  when  this  is  the  case,  Dr.  Glark*s  objeotions  are  still  valid. 
He  noticed,  that  near  Glasgow,  where  many  of  these  filters  are  in  use,  springs  often 
rise  into  them  from  below,  and  bring  waters  of  very  different  qualities.     The  level  of 
the  tannels  being  fixed,  whilst  that  of  the  water  varies  according  to  the  state  of  the 
river,  the  rate  of  filtration  must  vary  also,  and  in  summer,  when  the  consumption 
would  naturally  be  the  greatest,  the  yield  would  be  the  least.  These  filter-tunnels  also 
must  be  exceedingly  difficult  to  clean  on  account  of  the  very  nature  of  the  Tnnt^yyf^if^ 
and  their  application  must  for  the  above  reasons  be  confined  to  such  localities  as  pie- 
sent  the  peculiar  geological  characteristics  stated  to  be  requisite. 

The  filter  described  by  Mr.  Thom  as  having  been  executed  by  him  at  Paisley 
appears  to  be  the  most  theoretically  perfect,  inasmuch  as  from  the  fact  that  the  last 
stratum  of  the  filtering  medium  traversed  is  composed  of  a  mixture  of  sand  and 
charcoal,  the  operation  must  be,  to  a  certain  extent,  chemical  as  well  as  mechanicaL 
The  system  may  be  described  as  follows,  nearly  in  the  words  of  Mr.  Thom  :  ''The 
site  of  the  filters  is  on  a  level  piece  of  ground,  excavated  to  the  depth  of  6  or  8  feet,  with 
impermeable  retaining  walls  and  bottom.  The  whole  of  tbis  bottom  is  divided  into 
drains  1  foot  wide  by  5  inches  deep,  by  means  of  fire-bricks  laid  on  edge,  and  oovered 
with  flat  tiles  perforated  with  numerous  small  holes,  like  those  used  in  malt-kilns. 
The  perfoiiited  tiles  are  covered  to  the  depth  of  1  inch  with  clean  gravel,  about 
^  inches  in  diameter  ;  this  is  followed  by  five  other  layers  of  gravel,  each  of  the  same 
depth,  and  each  succeeding  layer  a  little  finer  than  the  preceding  one,  the  last  being 
coarse  sand.  Over  this  very  clean,  sharp,  fine  sand,  2  feet  deep,  is  placed,  and  about 
6  or  8  inches  of  this  fine  saud,  near  the  top,  is  mixed  with  animal  charooaL"  Some 
details  connected  with  the  overflow  and  the  discharge-pipe,  which  will  be  found  in 
Mr.  Thom*s  description,  complete  its  arrangement. 

Mr.    Thom  made  some  observations   upon  the  effects  of  the  substitution  of  the 
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MuygdAloidal  roeki  found  natr  Paiiley  for  the  ftnimal  charcoal,  which  confirm  the 
theory  propounded  by  Profeisor  Way  npon  the  chemical  action  of  certain  goila.  It 
WM  noticed  that  the  amygdaloid*  were  capable  of  remoTing  traces  of  peat  nearly  aa 
effectually  at  the  charcoal ;  animal  matter  also  was  separated  by  them.  There  is 
little  reason  to  doubt  but  that  the  affinity  between  the  silicate  of  alumina  and  the 
Tcgetable  and  animal  matters  in  combination  with  the  water  is  sufficient  to  causa 
these  to  leave  the  latter  and  to  form  new  compounds  with  the  silicate  of  alumina, 
which  if  the  base  of  the  amygdaloids.  Professor  Way  noticed  that  day,  a  hydro- 
silicate  of  alumina,  acted  in  a  similar  manner,  and  Mr.  Hassall  arrived  at  the  conclu- 
sion that  both  animal  charcoal  and  mild  strong  clay  are  perfect  with  respect  to  their 
power  of  retaining  the  solid  matters,  dead  or  liTing,  found  in  every  description  of 
water.  Mr.  Hassall  also  found,  on  the  application  of  tests,  that  neither  of  those 
■ubstanoes  shewed  any  trace  of  sulphuretted  hydrogen.  However,  this  branch  of 
ohemioal  inquiry  is  still  in  a  state  of  considerable  uncertainty,  and  the  means  of 
removing  with  equal  facility  any  excess  of  the  bicarbonatcs,  and  the  sulphates,  of  lime 
are  still  to  be  discovered. 

The  Chelsea  filters  are  established  upon  a  plan  which  is,  perhaps,  the  most  univer* 
sally  applicable,  because  the  materials  employed  are  found  almost  everywhere.  Mr. 
Quick  describes  them  as  follows  : — **  The  process  of  cleansing  consists  of  a  series  of 
resenroirB  of  subsidence, — large  open  refiervoirs  between  4  and  5  acres  in  area,  and 
18  feet  6  inches  deep,  faced  with  gravel.  These  reservoirs  have  an  invert  of  brick  about 
6  feet  wide,  and  8  feet  6  inches  deep,  laid  in  cement.  The  depositing  reservoirs  are 
made  to  hold  four  days*  supply,  and  the  filters  placed  by  the  side  of  them  ara 
oomposed  of— Istly,  coarse  gravel,  about  1  foot  deep  :  2ndly,  a  stratum  of  rough 
screened  gravel,  about  9  inches  deep  :  8rdly,  a  stratum  of  fine  screened  gravel,  about 
6  inehea  deep  :  4thly,  fine  grarel,  9  inches  deep :  5thly,  fine  washed  river-sand,  about 
8  feet  6  inches  deep.  The  water  permeates  these  materials,  and  is  drawn  off  by  means 
of  brick  tunneb  to  the  well  of  the  pumping  engine."  The  objection  to  these  filters 
is,  that  they  require  a  large  sur&oe  and  a  considerable  amount  of  earth- work,  for,  in 
addition  to  the  depth  of  the  sand  and  tunnels,  it  is  necessary  to  have  a  certain  depth 
of  water  upon  them  to  act  as  a  head.  It  is  upon  this  account  that  it  appears  more 
than  probable  that  considerable  advantage  would  result  from  the  substitution  of 
filtering  sLibs  for  the  layers  of  sand  and  grarel.  There  are  many  natural  stones  able 
to  perfimn  this  office,  such  as  the  lighter  and  more  scoriacoous  volcanic  rocks,  some 
of  the  ooralline  limestones,  and  where  these  do  not  exist  recourse  may  be  had  to 
Bansome*s  process,  by  which  a  porous  sandstone  can  be  made  of  any  degree  of  coarse- 
ness or  fineness  required.  All  these  stone  filters  are,  however,  necessarily  exposed  to 
be  choked  by  the  matters  they  separate,  and  precisely  in  the  proportion  of  the 
perfection  of  their  action.  It  is  therefore  necessary  to  protect  their  faces  by  a  thin 
layer  of  sand,  to  be  remored  as  often  as  is  required. 
Hce  roeof  It  was  formerly  the  universal  practice,  after  the  water  had  been  purified  either  by 
deposition  or  filtration,  to  raise  it  into  reservoirs  called  '  service  reservoirs,*  placed  at 
sufficient  altitudes  to  allow  the  mains  to  be  filled  by  graritation.  Of  late  years,  how- 
ever, a  system  has  been  introduced  by  which  the  water  is  pumped  directly  into  the 
mains,  and  the  exeess,  beyond  the  quantity  drawn  off  for  household  purposes,  passes 
on  into  the  service  reservoirs,  which  become  under  this  system,  in  fsct,  regulating 
reservoirs,  for  their  use  is  to  store  a  sufficient  supply  for  the  period  when  the  engines 
are  not  al  work,  and  to  pnyvida  against  any  minor  aoeideat.  The  prindpal  danger 
attending  tliis  sjrtem  arises  from  Hm  firequent  hydrauUe  shoeks  to  which  the  pipes 
most  be  saltfaeted  bj  the  openiog  and  shvttiBg  of  the  hmun  wnrioes ;  but  this  maj 
be  obviated  to  a  great  extent  by  laying  seoondaiy  mains,  called  riders,  near  the 
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leading  ones,  upon  which  the  house  senices  woald  be  imiBed.  Bspedal  eare  miut  alio 
be  taken  that  the  movement  of  the  water,  as  it  leaves  the  ur-Teasel  of  the  engine^  be 
as  regular  as  possible.  In  spite  of  all  these  precantions,  howerer,  the  flow  towards 
the  upper  end  of  the  mains  mnst  be  exposed  to  flnetnations  of  a  very  unequal  natai% 
eepeciallj  when  the  pipes  are  always  under  charge,  and  the  consumption  takes  plaee 
directly  from  them,  on  what  is  called  the  constant  dellTery  system.  Sxpecioiee 
alone  can  decide  upon  the  value  of  this  new  system. 

The  terms  eomtatU  and  inUrmiitetU  supply  have  refierence  to  the  details  of  hoaie 
service^  to  which  we  shall  have  ooeanon  to  allude  in  our  notice  of  that  portion  cf  Uie 
subject. 
Btaad  pipes.  In  some  cases,  whatever  be  the  manner  of  feeding  the  distributing  in<Mif,  the  water 

is  raised,  immediately  after  it  leaves  the  air-vessel  of  the  engine,  over  a  stand  pipc^ 
or  a  vertical  pipe  sufficiently  lofty  to  form  a  head  able  to  dischai^  the  water  into  the 
reservoir ;  the  head  must  then  be  equal  to  the  dead  lift,  and,  in  addition,  be  such  as 
to  overcome  the  friction  on  the  road.     At  the  Bast  London  Water- Works  a  gnat 
portion  of  the  district  used  to  be  supplied  by  the  stand  pipe  without  the  interventioa 
of  any  reservoir ;  but  this  eourse  is  objectionable  on  the  soore  that  the  engines  aie  forced 
to  raise  the  largest  quantity  of  water  which  may  be  required  in  any  given  period  of  the 
day.    They  must  therefore  be  of  a  power  equivalent  to  the  greatest^  not  to  the  avenge 
consumption  of  water  in  the  district.    A  considerable  portion  of  the  steam-power 
will  thus  be  unemployed  during  great  part  of  the  day,  or,  in  other  words,  the  engncs 
will  require  to  be  more  powerful  than  they  would  be  if  a  serrioe  reservoir  were  used. 
The  determining  motive  with  respect  to  the  use  of  stand  pipes  must  be  economy ;  for 
in  many  positions,  as  in  the  larger  part  of  the  Bast  London  district,  a  reservoir  at 
sufficient  altitude  could  only  be  constructed  at  a  great  cost.    At  the  present  day  the 
steam  pumping  engine  has  been  so  much  improved,  and  rendered  in  fiict  so  automatie^ 
that  both  stand  pipes  and  service  reservoirs  have  been  dispensed  with  in  the  Best 
London  and  the  Kent  Water- Works. 

The  dimensions  of  the  service  reservoir  will  necessarily  be  regulated,  firstly,  by  the 
amount  of  the  consumption,  and  secondly,  by  the  nature  and  power  of  the  steam 
engine.  If  the  latter  be  of  a  description  liable  to  interruptions  in  its  action,  or  if  the 
source  of  supply  be  exposed  to  irregularities,  as  in  the  case  of  a  tidal  river,  or  of  one 
in  which  freshets  occur,  it  is  necessary  to  make  the  service  reservoir  of  a  capacity 
sufficient  to  insure  the  continuity  of  the  flow  during  the  periods  of  interruption. 
Should  the  configuration  of  the  country  be  such  as  to  render  its  oonstniction  easy 
and  economical,  it  may  be  advisable  to  make  it  sufficiently  large  to  hold  about  three 
days*  supply  in  climates  analogous  to  those  of  the  South  of  England.  But  there  is 
always  something  objectionable  in  keeping  water  in  a  stagnant  pool,  especially  near  a 
large  town.  It  must  be  exposed  to  be  affected  by  the  impurities  in  the  atmospheie, 
unless  covered ;  and  the  expense  of  covering  such  reservoirs  is  so  enormous  as  to  pre- 
clude their  use  on  an  extensive  scale,  unless  in  certain  very  exceptional  cases.  In  the 
greatest  number  of  instances  it  will  be  found  sufficient  to  make  the  service  reservoir 
of  adequate  capacity  to  hold  water  enough  to  supply  the  consumption  during  the 
hours  that  the  engine  may  not  be  at  work,  or  to  enable  it  to  raise  the  water  by  an 
equable  effort  during  the  working  hours.  For  this  purpose  a  reservoir  able  to  hold 
one-quarter  of  a  day's  supply  will  be  all  that  is  usually  required. 

It  will  be  necessary,  in  case  the  reservoir  be  made  upon  this  principle^  to  provide 
duplicate  engines,  or,  at  leasts  to  have  a  sufficient  number  of  duplicate  parts  in 
constant  readiness  to  be  enabled  to  repair  any  accident  at  the  slightest  notice.  The 
supply  will  be  to  a  certain  extent  liable  to  be  interrupted ;  but»  on  the  other  hand, 
reservoirs  of  dimensions  so  ascertained  could  usually  be  covered  with  economy. 
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In  many  Frencli  towusi  the  water  is  raised  into  a  tank  situated  immediately  above 
the  engines,  the  tanks  serving,  in  fact,  as  the  upper  portion  of  a  stand  pipe,  as  an  air- 
vessel,  to  discharge  any  air  raised  with  the  water,  and,  at  the  same  time,  as  a  distri- 
buting reservoir.  Over  a  water-wheel,  as  at  Toulouse,  this  arrangement  may  succeed, 
provided,  that  the  machinery  be  of  a  nature  not  exposed  to  accidents  or  to  require 
frequent  repairs.  But  unless  the  tank  be  made  of  considerable  dimensions,  such  as 
would  be  required  to  render  it  a  service  reservoir  regulating  the  flow,  evidently  the 
mains  could  only  be  charged  so  long  as  the  machineiy  was  working.  In  England 
and  in  America,  the  practice  hitherto  has  been  to  establish  large  open-service  reser- 
Toirs,  but  of  late  the  more  economical  method  of  using  smaller  regulating,  covered, 
reservoirs  has  become  more  generaL  In  this  particular  detail,  as  in  all  others  con- 
nected with  engineering,  it  must  again  be  borne  in  mind  that  no  absolute  rule  can  be 
Uid  down.  Local  circumstances  must  eventually  decide  what  system  should  be 
adopted,  so  as  to  secure  the  most  efficient  supply  at  the  least  cost. 
l^PSIJP*"  The  municipal  distribution  of  water  may  be  effected  in  various  manners,  according 
to  the  habits  of  the  population  to  be  supplied,  and  to  the  influence  of  climate  upon 
Buch  habits. 

In  England,  and  also  in  the  Northern  States  of  America,  the  distribution  is  usually 
effected  from  house  to  house ;  on  the  Continent,  and  generally  in  warm  climates, 
large  quantities  of  water  are  discharged  by  monumental  fountains,  or  are  made  to 
form  rills  in  the  channels  of  the  streets,  whilst  house  services  are  comparatively 
unknown.  House  sciTices,  again,  may  be  either  at  high  or  low  pressure ;  or  the 
supply  may  be  either  constant  or  intermittent  in  its  mode  of  delivery.  As  the  system 
adopted  upon  the  Continent  is  the  most  simple,  and  the  most  adapted  to  the  habits 
of  the  population  of  our  Colonies,  it  will  be  the  first  wo  shall  examine,  especially  as 
the  others  differ  from  it  merely  in  questions  of  working  detail. 

The  ancient  water-works  upon  the  Continent,  like  many  in  our  own  country,  dis- 
tributed the  water  by  means  of  wooden  or  pottery  pipes,  but  in  almost  all  cases  cast 
iron  has  been  substituted  of  late  years  for  the  principal  pipes,  and  the  smaller  ones 
have  been  made  of  lead. 

The  formula  which  is  applicable  to  the  movement  of  water  in  a  pi^ie  passing  from 
one  reservoir  to  another  ceases  to  be  so  when  there  is  a  series  of  side  branches  or  of 
mains  deriving  the  water  reciprocally  from  one  another.  There  is  an  important 
modification  produced  by  the  friction  of  the  junctions  and  by  the  constant  changes  in 
the  effective  head,  owing  to  the  opening  of  the  distributing  pipes.  During  the  course 
of  the  distribution,  necessarily  a  difference  will  occur  in  the  quantity  to  be  discharged, 
owing  to  a  portion  being  withdrawn  for  the  branch  pipes.  It  becomes  requisite  then 
to  ditniniah  the  mains  in  the  latter  part  of  their  course ;  but  it  must  be  borne  in 
mind  that  up  to  a  certain  point  it  is  economical  to  employ  pipes  of  the  same 
dimension  throughout,  for  the  cost  of  models  may  exceed  the  saving  on  the  metal 
of  the  pipes.  This  question  of  detail,  like  all  others,  must  be  resolved  by  comparative 
estimates. 

It  is  necessary,  before  deciding  upon  the  dimension  of  a  main  pipe,  to  ascertain  not 
only  the  existing  demand  it  may  be  required  to  satisfy,  but  also  the  eventual  extension 
of  the  demand,  either  by  an  increase  of  population  or  by  the  establishment  of  new 
factories. 

In  an  isolated  pipe  receiving  water  from  a  reservoir  at  a  higher  level  and  dis- 
charging it  at  a  lower  one,  the  disebarge  may  be  calculated  by  the  formula  given 
above  (p.  754). 

H-f-C-H' 
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niuRtratioiui  of 
mode  of  calcu- 
lating a  sos  of 
deUvery  pipes. 


Q  =  the  quantity  difohtrged  per  second  ; 

A  =  the  length  of  the  pipe  ; 

D  s  the  diameter  ; 

C  =  the  difference  of  lerel  between  the  extreme  orifices  ; 

H  and  H'  =  the  heads  npon  these  orifices. 

c  =  the  coefficient  derived  from  the  Table. 

Bat,  in  a  distribution,  the  water  meets  with  several  resistances,  which  tend  to 
diminish  Q :  they  may  be  stated  as  follows :  1,  the  nsoal  irictioii  upon  the  sides  of 
the  pipe  must  be  allowed  for ;  2,  the  effect  of  bends  mnst  be  calculated ;  3,  the 
retardation  of  the  flow  arising  from  the  change  of  direction  from  the  main  to  the 
Bubmain,  or  to  the  branch  pipe,  mnst  be  taken  into  aeeoont ;  4,  the  species  of  gurgi- 
tation at  every  j  auction  will  also  serve  to  diminish  the  yield. 

The  manner  of  calculating  the  two  first  resistances  has  been  shewn.  As  to  the 
third,  it  may  be  calculated  upon  the  principle  that  when  a  fluid  in  movement  m 
a  pipe  passes  into  a  side  branch,  forming  with  the  main  an  angle  ^  the  velocity  v^ 
leaving  out  of  account  the  other  forces  acting  upon  it^  will  only  be  v  cos  i.  As  it  is 
usual  to  make  the  seat  of  such  branches  at  right  angles  to  the  main,  the  effect  -pro- 
duoed  is  to  destroy  any  advantage  arising  from  the  velocity  in  the  main,  and  to  reduce 
the  head  merely  to  that  existing  in  the  latter  at  the  point  of  junction  of  the  branch. 

MM.  Mallet  and  G6nieys  tried  some  experiments  to  ascertain  the  effect  of  the 
fourth-named  resistance,  or  the  gurgitation,  from  which  it  would  appear  that  the  loss 
of  head  it  occasioned  was  equal  to  twice  the  height  due  to  the  velocity  of  the  water 
in  the  branch  pipe. 

1.  Practically,  the  following  illustrations,  ^ven  in  Claudel*s  'Formules  i  TUssge 
des  Ing6nieurs,'  of  the  manner  of  calculating  the  distribution  in  towns,  will  be  found 
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to  be  sufficient  to  serve  as  models.  Jjet  it  be  proposed,  firstly,  to  supply  a  district  by 
means  of  a  pipe  of  an  uniform  diameter  throughout  its  length,  and  discharging  the 
water  at  certain  points  by  means  of  stand  pipes  constantly  fiowing  in  a  similar  manner 
to  the  *  borne  fontaines  *  of  Paris. 

The  diameter  of  the  pipe  must  be  such  that  the  head  should  be  sufficient  at  each 
opening  to  deliver  the  water  at  a  few  inches  above  the  point  of  discharge.  The 
diameter  is  ascertained  by  supposing  it  to  be  of  any  definite  dimension  ;  the  loss  of 
head  is  calculated  for  the  distance  between  A  and  b,  and  the  effwtive  head  at  b  is 
thus  determined  by  deducting  the  loss  from  the  initial  head ;  this  efifective  head  must 
be  sufficient  to  insure  the  delivery  of  the  water  at  the  orifices  upon  b.  The  loa  of 
head  between  b  and  o  is  ascertained  in  a  similar  mauner,  observing  that  the  volume 
discharged  by  the  main  will  be  diminished  by  the  quantity  withdrawn  at  b.  This 
loss  of  head,  deducted  from  the  real  effective  head  previously  determined  for  b,  will 
give  the  effective  head  at  o,  which,  as  before,  must  suffice  to  supply  the  orifioes  npon 
that  submain.  Proceeding  in  this  manner  with  the  branches  n  and  b,  it  will  be  found 
whether  the  head  existing  at  the  separate  branches  will  be  sufficient  to  insure  the 
discharge  of  water  at  the  several  orifices.  If  this  head  should  not  be  snfficiant^  b 
will  be  necessary  to  try  a  larger  diameter ;  if  it  be  in  excess,  a  smaller  one  must  be 
adopted. 
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2.  Let  it  be  proposed  to  determine  the  diameter  of  a  pipe  rec^ivbg  water  from 
both  ends,  and  Bupplying  in  ito  course  certain  orlfioes  able  to  discharge  definite 
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qnantities.  In  such  a  case  the  orifices  are  supplied,  some  entirely  from  a,  and  Bom« 
entirely  from  o,  and  it  may  happen  that  one  of  them,  p,  will  receivo  its  supply 
partially  from  the  one  or  the  other. 

The  diameter  of  the  main  in  either  of  the  parts  n  a  and  d  a  must  be  such  that  the 
head  at  the  entry  of  d  should  be  the  same  from  either  side.  It  is  necessary  to  ascer- 
tain it  by  trial,  as  in  the  prerious  instance,  and  for  this  purpose  some  diameter  is 
awgned  to  both  n  a  and  d  o  ;  after  deducting  the  loss  of  head  occasioned  upon  either 
of  them  by  the  branches  b,  a,  i^  and  y,  the  remaining  effective  heads  upon  the 
respectire  portions  of  the  main  at  n  will  be  determined.  Should  they  not  be  equal, 
one  or  both  of  them  must  be  altered,  as  the  results  obtained  may  indicate. 

8.  When  the  distribution  takes  place  by  means  of  a  conduit  of  different  diameters, 
it  will  be  found  that  the  system  Indicated  in  the  first  illustration  will  satisfy  the 
required  conditions ;  because  the  diameters  of  the  pipes  are  constant  betweoi  two 
BUCoessiTe  openings,  and  the  rate  of  delirery  is  also  uniform  between  them.  It  is 
necessary,  however,  in  calculating  the  loss  of  head  to  allow  for  the  difference  of 
diameter  in  the  pipes. 

4.  Should  the  supply  main  derive  its  waters  from  two  pipes  whose  delivery  is 
known,  and  should  it  be  desired  to  determine  the  diameter  of  tho  pipe  A  b,  so  as  to 
insure  a  partieuUr  distribution  upon  its  length,  the  course  to  be  followed  would  be  as 
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foUows  :  a  certain  diameter  is  assigned  to  a  b,  and  as  its  discharge  is  known,  and  the 
difference  of  level  between  a  and  b  is  also  supposed  to  be  known,  the  effsctive  head 
at  A  necessary  to  insure  these  conditions  will  easily  be  obtained.  If,  then,  the 
diameters  of  a  and  b  be  supposed,  as  the  volume  to  be  supplied  by  them  is  known,  it 
is  easy  to  calculate  the  loss  of  head  upon  each  of  them,  from  the  initial  heads  at  a 
and  n,  80  as  to  arrive  at  the  effective  head  produced  by  them  at  a.  This  head  should 
be  the  same  for  both  pipes,  and  equal  to  that  required  to  secure  the  delivery  already 
supposed  to  take  place  between  a  and  b.  If  the  respective  diameters  should  not  be 
such  as  to  insure  these  conditions,  they  must  be  modified. 

If  the  supply  by  the  two  conduits  OA  and  da  were  not  fixed  previously,  the 
quantity  to  be  furnished  by  them  might  be  made  to  vary  as  well  as  the  diameters  of 
the  pipes,  but  of  course  always  within  the  limits  of  the  discharge  by  means  of  ab. 
Under  all  circumstances,  the  head  at  a  must  be  the  same  for  the  two  conduits,  and  be 
saffideni  to  produce  a  satis&etory  flow  in  the  part  between  a  and  b. 

Passing  from  these  theoretical  considerations,  we  may  dwell  in  detail  upon  the 
system  of  distribution  adopted  in  Paris  tm  a  good  illustration  of  the  best  of  the  very 
imperfeet  town  luppUsi  executed  by  Continental  Bngineers. 

The  supply  is  derived  from  fire  sources :  the  spring  waters  of  St.  Qerrais  and 
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Belleville ;  the  springs  brought  into  the  town  by  the  Aqnednct  of  Areenil ;  the  waters 
pumped  from  the  Seine  directly,  either  by  a  water-mill  npon  one  of  the  bridges,  or 
by  a  steam  engine  at  Chaillot ;  the  waters  brought  in  by  the  narigable  Canal  de 
rOurc;  and,  lastly,  from  the  Artesian  well  at  Grenelle.  From  these  different 
sources,  a  total  quantity  of  about  244  million  gallons  x>er  day  is  brought  into 
Paris,  or  aboTO  20  gallons  per  head,  if  the  population  be  considered  to  be  about 
1,200,000.* 

Of  these  sources  the  most  important  is  the  CSamd  de  rOore,  which  supplies  four- 
fifths  of  the  total  consumption.  It  arrives  in  Paris  at  a  height  of  about  166  feet 
above  the  summer  level  of  the  Seine,  and  is  thus  able  to  distribute  its  waters  by 
gravitation  into  almost  every  quarter  of  the  town.  An  aqueduct,  of  which  we  have 
already  given  a  sketch,  is  continued  round  the  hills,  forming  a  kind  of  amphitheatre 
on  the  north  side  of  the  town,  and  a  smaller  aqueduct  is  constructed  upon  a  spur 
projecting  into  the  quarter  of  St.  Laurent.  The  mains  are  led  from  these  aqaedacts 
to  a  series  of  reservoirs  in  the  most  commanding  positions  in  the  different  parts  of 
the  town,  five  in  number,  of  an  average  capacity  of  1,540,000  gallons  each,  in  round 
numbers. 

During  the  day-time,  the  water,  instead  of  passing  from  the  canal  to  the  reservmrs, 
is  diverted  into  the  submains  and  allowed  to  flow  irom  a  series  of  small  stand  pipes 
into  the  gutters  by  the  side  of  the  footpaths ;  at  night,  these  stand  pipes  are  dosed, 
and  the  water  passes  into  the  reservoirs,  where  it  is  stored  for  the  supply  of  the  parts 
of  the  town  not  immediately  upon  the  line  of  mains.  These  stand  pipes  are  called 
*  borne  f<mtaine8y*  and  are  entirely  at  the  cost  of  the  municipality.  They  flow  at 
three  separate  intervals  during  the  twenty-four  hours  of  an  hour  each,  or  during  three 
hours  per  day,  and  discharge  about  650  gallons  per  day  in  the  summer  months ; 
they  only  play  two  hours  per  day  in  winter.  As  in  Paris  the  custom  prevails  of 
discharging  all  household  rubbish,  such  as  we  consign  to  the  dust-bin,  into  the  street, 
and  as  near  the  gutter  as  possible,  this  mode  of  distribution  is  necessary  to  clear 
them  ;  and  at  the  same  time  the  flow  of  the  water  cools  the  air  in  the  close  streets, 
from  which  the  sun*u  rays  are  reverberated  with  singular  intensity  on  account  of  the 
materials  used  in  the  construction  of  the  houses.  Up  to  1845,  no  less  than  1600  of 
these  fountains  existed,  and  they  were  placed  at  a  distance  of  about  410  feet  apart, 
upon  the  mains ;  and  wherever  it  was  practicable,  they  were  placed  at  the  culminating 
point  of  a  gatter,  so  that  the  water  might  flow  in  two  directions,  and  enter  into  the 
sewers  as  rapidly  as  possible. 

In  addition  to  the  '  borne  fontaines,*  from  which  anybody  is  allowed  to  draw  water, 
there  are  other  fountains  called  'fontaines  banales,*  from  which  the  public  is  entitled 
to  take  water  gratuitously,  as  are  also  the  water-carriers  who  sell  the  water  by  pails. 
Other  distributions,  called  '  fontaines  marchandes,*  often  provided  with  charcoal 
filters,  furnish  the  water-carriers  who  employ  carts.  Stand  pipes  to  supply  carts  f^ 
watering  the  streets  in  summer,  are  also  placed  at  average  distances  of  about  1640  feet 
apart.  These  are  used,  on  the  average,  135  days  per  annum,  and  it  is  found  that 
about  14  pint  per  yard  superficial  will  suffice  to  insure  a  satisfactory  service,  whidi 
in  summer  must  take  place  twice  a  day.  The  system  of  the  hose  and  jet,  lately  so 
much  praised  in  England,  has  been  tried  and  found  to  be  far  too  irregular  in  its  effects, 
besides  annoying  the  passengers. 

Distributions  for  trade  purposes  and  for  household  consumption  also  take  place, 


*  The  population  of  roris  lu  now  1, GOO,  000  ;  but  the  quantity  of  water  has  not  matcriaUy 
changed  siuco  the  above  was  written.  There  are,  however,  groat  projetit  under  discussion  for 
an  increase  of  the  supply.— G.  K.  B. 
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Imt  the  latter  are  not  under  such  condition  of  pressure  as  to  carry  the  water  to  a 
point  aboTe  the  lerel  of  the  first  floor.  <« 

Ornamental  fountains  are  placed  in  conspicuous  positions,  with  a  riew  also  to  secure 
as  great  hygienic  effects  as  possible  ;  from  some  of  these  the  public  and  small  water- 
carriers  are  allowed  to  draw  water  gratuitously. 

Such,  with  a  few  modifications,  principally  in  the  manner  of  bringing  the  supply 
from  the  source  to  the  point  of  distribution,  is  the  system  adopted  in  France,  Spain, 
and  Italy.  It  is  rery  defective,  according  to  our  notions  of  domestic  comfort^  and 
certainly  not  such  as  to  induce  habits  of  cleanliness ;  for  moderate  as  the  charge  upon 
the  sale  of  the  water  may  be,  the  necessity  of  paying,  as  it  were,  for  every  pailful 
used,  must  check  the  copious  employment  we  arc  accustomed  to.  The  amount  of 
supply,  stated  to  bo  20  gaUons  per  individual,  above  quoted  for  Paris,  is  also  very 
fiUlacious,  so  far  as  the  real  personal  consumption  is  concerned  ;  for  more  than  half 
of  the  quantity  brought  in  is  used  for  the  *  borne  foniaincs '  and  the  ornamental 
waters,  and  from  the  remainder  it  is  necessary  still  further  to  deduct  the  quantity 
used  for  trade  purposes. 
Ities  used       j^  ^j^y  \^  interesting  to  state  the  quantity  of  water  consumed  for  some  private  pur- 

^OU8  pUa  • 

poses,  which  has  been  observed  by  French  engineers. 

A  bath  requires  on  the  average 75  gallons. 

A  horse  requires  per  day 16'5    ,, 

A  two-wheel  private  carriage  per  day 8'8    ,, 

A  four-wheel        ,,         ,,         ,,  16*5    ,, 

Each  individual  per  day 4'4     ,, 

Every  yard  superficial  of  garden  ground  per  day  .     .  0*33  ,, 
Every  yard  superficial  of  railway,  per  service  .     .     .       0*22,, 

The  quantity  allowed  for  human  consumption  is  small  in  comparison  with  our 
English  notions  ;  but  it  would  appear  that  in  reality  our  town  population,  even  in  the 
driest  summers,  docs  not  consume  more  than  about  8  gallons  i)er  head  per  day  of 
24  hours. 

ih  systoms  In  our  own  country,  until  within  a  few  years,  the  greater  number  of  towns  were 
supplied  with  water  at  low  pressure,  and  at  stated  intervals,  excepting  when  local 

ervice.  circumstances  allowed  a  constant  distribution  by  gravitation.  In  these  cases  the 
water  was  brought  into  the  houses  by  lead  pipes,  branching  upon  the  mains  in  the 
street,  and  leading  the  water  into  cisterns,  where  it  was  stored  until  used,  or  from 
which  it  was  raised  by  force-pumps  to  any  greater  altitude  the  householder  might 
require.    Improved  domestic  habits  have  rendered  it  so  necessary  to  command  a  supply 

service.  even  in  the  highest  parts  of  the  houses,  that  it  is  found  now  to  be  more  economical  to 
obtain  it  by  a  general  system,  by  which  the  water  arrives  under  sufiicient  pressure  to 
insure  its  delivery  at  such  points.  The  extra  height  to  which  the  water  is  thus 
carried  being  usually  overcome  by  steam-power,  necessarily  gives  rise  to  an  increased 
outlay,  and  thence  the  distinction  and  the  difference  of  charge  for  a  supply  upon  what 
are  technically  called  the  high  or  low  service.  In  London  the  low  service  is  usually 
understood  to  mean  that  the  water  is  delivered  at  heights  varying  from  6  to  9  feet 
above  the  roadway;  the  high  service  is  usually  comprehended  within  a  height  of 
80  feet  above  the  same  level|  and  includee  every  delivery  above  the  6  or  9  feet  of  the 
particular  district. 

mt  At  Nottingham  and  in  some  other  towns  a  system  has  lately  been  introduced,  under 

^'  which  the  mains  and  ■enrioe  pipes  are  kepi  always  full,  and  water  can  be  drawn  in 

any  quantity :  the  latter  can  disoharge  at  all  timei  of  the  day  or  nighty — ^this  is  called 
the  contlafU  syitemi  and  it  if  principally  to  that  able  engineeri  Mr.  EUiwksley,  that 
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the  pnblio  is  indebted  for  tiie  amdioratum  it  prodnoes.  It  will  at  onee  be  peweifed 
that  with  such  a  distiibutioii  there  can  be  no  ooeaiion  £ar  ciatemSy  and  that  the  water 
will,  with  a  few  precautiona,  be  kept  in  a  state  of  poriij  which  it  is  imiioBBible  to 
attain  when  stored  in  those  reoeptaeles. 

For  the  intermittent  supply,  the  formnltt  and  the  obeerrations  already  gi?en  or 
made,  with  reference  to  the  continental  manner  of  distributing  water,  will  apply ;  for 
under  it  the  only  real  question  to  be  solTed  is,  how  to  supply  a  given  diateiet  by  means 
of  pipes,  deliTering  water  at  stated  periods,  by  seryices  flowing  at  certain  definite 
periods  ?  On  the  constant  supply,  howsTer,  the  question  is  more  oomi^ioated,  owing 
to  the  irregularity  of  the  consumption.  This  is  stated  by  Mr.  Marten  (*  Beport  of  the 
Board  of  Health  on  Water  Supply,*  Appendix  2,  p.  67)  to  Tary  as  foUowa  : — 


Time. 

PereentAge  of  gross 

Time  required  to  deliTer 

ooosamptlon. 

hours. 

Between  6  and  7  a.m.    ' 

8-785 

26-77 

II       7  „    8    „ 

5-209 

1919 

II       8  „    9    „ 

6-192 

16-14 

II       9  „10    „ 

6-438 

16-53 

II     10  „11    „ 

7-076 

14-13 

II     11  II 12    „ 

7-764 

12-88 

„       12    „     1  P.M. 

5-995 

16-68 

II       1   ,1    2    „ 

5-946 

16-82 

II       2   „    3    „ 

6-388 

16-64 

II       3  „    4    „ 

7-862 

12-72 

II       *  II    5    ,1 

5-209 

19-19 

II       6   „    6    „ 

6-290 

15-90 

II       «  II    7    „ 

3-685 

27-13 

„       7  „    8    „ 

5-012 

20-00 

II       8  II    9    „ 

3-047 

82-81 

„       9   „    6  a.m. 

14-152 

68-26 

So  that  the  greatest  consumption  appears  to  take  place  between  11  and  12  A.M.  and 
3  and  4  p.m. 

Mr.  Hawksley  (p.  48,  vol.  2,  *  First  Report  of  Committee  on  State  of  Laige  Towns ') 
states,  that  in  order  to  meet  this  irregularity,  he  divides  the  length  of  the  main  in  a 
street  into  lengths  of  200  yards,  and  assigns  to  each  the  quantity  to  be  delivered,  sup- 
posing it  to  be  discharged  in  four  hours.    Allowing  4  feet  for  the  loss  of  head  for 

1      b/    H 
every  200  yards,  he  calculates  the  diameter  by  the  formula  r^  aY  9  ?  =  (2^  in  which 

d  =  the  diameter  sought ; 

I  =  the  length  in  yards ; 

A  =  the  head  in  feet ; 

q  =  the  quantity  in  gallons  to  be  discharged  per  hour. 

He  also  adopts,  to  ascertain  the  power  required  to  overcome  the  frietion,  the 
formula  P  =  fT/.^ ;  ia  which  d  =  the  diameter ;  P  —  the  power ;  Q  «-  the  delivery ; 

and  I  s  the  length. 

The  constant  delivery  system,  it  is  fiur  to  state,  has  many  able  and  conscientious 
opponents,  and  doubtlessly  it  would  in  many  cases  be  injudicious  to  destroy  an  existing 
system  of  works,  if  established  on  a  large  scale,  for  the  introduction  of  a  more  perfect 
mode  of  supply.  This,  like  so  many  other  questions,  is,  after  all,  one  of  economy  to 
a  great  extent,  although  mere  monetary  considenations  should  be  allowed  little  wdght 
against  thoee  affecting  public  health.    The  iippredation  of  the  degree  of  importance  to 
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be  aUaehed  to  either  of  the  determining  motireB  forma  one  of  the  most  delicate 
branches  of  the  profesaional  duties  of  an  engineer. 

If,  howerer,  we  state  the  theoretical  conditions  to  be  fulfilled  by  a  town  supply,  on 
the  supposition  that  nothing  has  hitherto  been  performed  towards  its  execution,  it  will 
be  easy  to  ascertain  the  modifications  advisable  under  any  given  oircumstanoes. 

The  purest  water  ought  to  be  conducted  to  a  small  service  reservoir,  covered,  and 
at  a  height  sufficient  to  discharge  the  water  at  any  part  of  the  town.  The  house 
delivery  ought  to  be  effected  in  such  a  manner  that  water  should  be  able  to  be  drawn 
at  any  time  and  at  any  reasonable  elevation.  To  prevent  danger  from  fire  it  is 
advisable  to  arrange  the  distribution  so  that  the  water  may  be  discharged  over  the 
rooft  of  the  houses  by  means  of  hose  screwed  upon  the  mains  in  the  streets.  For  this 
purpose,  fire-plugs  should  be  placed  alternately  on  either  side  of  tlic  streets,  at  about 
every  100  yards  apart,  and  as  the  hose  is  generally  made  2i  inches  diameter,  it  would 
be  preferable  not  to  lay  down  mains  of  less  than  the  eanie  dimension,  in  positions 
where  fire-plugs  are  likely  to  be  attached  to  them.  In  laying  mains  they  should  bo 
kept  at  a  greater  depth  in  wide  open  streets  than  in  narrow  courts,  and  on  the  average 
about  4  feet  from  the  surface.  The  quantity  to  be  calculated  for  any  given  population 
may  usually  be  reckoned  at  20  gallons  per  head  per  day,  which  will  include  all  ordinary 
trade  consumption  they  may  require. 

The  reader  is  referred  for  further  information  to  Glanders  '  Formules  il  T  Usage  dcs 
Ing^eurs,' — Morin's  *  Aide-M6moire  de  AUconique  Pratique,' — D* Aubuisson's  '  Trait6 
d'Hydraulique,* — Girard's  *  Description,  &c.  de  la  Distribution  des  Saux  de  TOurc,' — 
G^nleys,  *  Essai  sur  les  Moyens  de  conduire,  d'elever,  ct  de  distribuer  les  Eaux,' — 
Matthews*  'Hydraulia,' — The  several  Parliamentary  Reports  upon  the  Health  of 
Towns  and  the  Supply  of  Water, — Mr.  Wicksteed's  Account  of  the  East  London 
Water- Works,  and  several  detached  Papers  on  Water  Supply, — Mr.  Homersham's 
Reports, — Mr.  Beardmore's  Tables,— Mr.  Peacocke's  Researches  in  Hydraulics, — 
Neyille  on  Hydraulics, — Downing^s  Practical  Hydraulics, — Rules  and  Formulas  of  the 
Madras  Irrigation  Department, — Dupuit>  *  Traits  dc  la  Conduite  des  Eaux,' — Darcy, 
*  Les  Fontaines  publiques  de  Dijon.* 


WATER-WHEELS.* — ^Water,  in  movement,  is  able  to  communicate  power  by 
its  action  upon  a  body  offering  resistance  to  its  motion  in  the  direction  it  is  naturally 
inclined  to  follow ;  or  it  is  able  to  act  in  a  negative  manner,  by  destroying  or 
diminishing  the  velocity  which  any  body  moving  in  it  may  possess.  In  practical 
mechanics,  water  acts  in  yarious  manners  upon  engines  communicating  in  their  turn 
movement  to  other  descriptions  of  machinery  immediately  in  contact  with  the  raw 
materials  to  be  acted  upon*  Our  present  object  is  the  consideration  of  the  latter 
class  of  action. 

In  all  investigations  with  respect  to  hydraulic  machinery,  there  arc  three  branches 
to  be  considered  ;  viz.  1.  The  force  of  the  current  producing  motion,  or  the  weight  of 
the  water  P  flowing  per  second,  and  H  the  total  fall,  which  is  represented  by  P  H  ; 
2.  The  power  of  the  machine,  or  the  portion  of  the  current  K,  acting  with  a  velocity 
V  upon  that  portion  of  the  machinery  it  strikes  :  this  is  represented  by  E  v,  and  is 
the  dynamical  effect  produced,  whoso  expression  iapv;  p  being  a  weight  equivalent 
to  the  sum  of  the  resistances  to  movement  reduced  to  what  they  would  be  if  they 
itruok  the  wheel  at  the  same  point  with  K,  but  in  an  opposite  direction ;  8.  The 
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usefal  power  of  the  machine,  or  j/  v,  p'  bebg  p  minus  the  sum  of  tlie  pUBiTe 
resistances  to  be  overcome. 

These  forces  are  usually  expressed  in  nnits  of  work  whose  measure  oooiiBts  in  a 
certain  weight  lifted  to  a  certain  height  in  a  definite  period.  As  the  usefdl  effect  of 
horse-power  is  most  generally  known,  it  has  been  adopted  as  the  measure ;  and  by 
almost  universal  consent  it  is  assumed  to  be  such  that  one  horse  can  raise  83,000  lbs. 
one  foot  in  height  per  minute.  The  term  '  one  horse-power '  must,  therefore,  he 
considered  to  be  the  expression  of  such  an  effort. 

Hydraulic  machinery  may  be  of  two  descriptions :  the  first  oonsisting  of  sock 
engines  as  possess  a  movement  of  rotation ;  the  second,  <^  such  as  haTe  an  alternative 
movement.  Water-wheels,  including  turbines  and  reaction  wheels  of  all  kinds, 
are  comprised  in  the  first ;  the  water-pressure-engines,  and  the  hydraulic  ram, 
are  included  in  the  second  :  these  last  have  been  already  alluded  to  in  the  article 
upon  *  Water  Meadows.* 

Water-wheels  are  subdivided  into  those  with  floats  or  blades,  and  those  with 
buckets.  The  first  are  again  subdivided  into  classes,  some  of  which,  have  the  floats 
straight,  others  curved ;  or  which  move  in  breasts,  races,  or  water-troughs,  either 
rectilinear  or  curved.  In  the  second  class  are  comprised  the  bucket-wheels  receiving 
water  upon  the  sammit,  or  at  a  lower  point.  In  addition  to  these  are  the  horizontal 
wheels,  which  are  either  set  in  motion  by  an  isolated  vein,  or  placed  in  a  cylinder,  or, 
as  in  the  case  of  the  turbines,  they  are  placed  externally  to  a  cylinder  oonducting  the 
water.     The  several  descriptions  of  water-wheels  may  be  briefly  stated  as  follows  : 

1.  Vertical  Wheels  with  floats  straight^  and  working  in  a  straight  mill-raoe. 

2.  „  ,,        in  close  circular  race. 
8.                ,,  ,,        in  unlimited  water. 

4.  ,,  ,,        curved,  called  Poncelet^s  wheels. 

5.  ,,  overshot,  with  buckets. 

6.  Horizontal  Wheels,  struck  by  an  isolated  vein. 

7.  ,,  working  in  a  cylinder. 

8.  ,,  Fourneyron's  turbines. 

9.  „  with  partitions. 
10,  ,,  reaction  wheels. 

And  in  addition,  we  may  perhaps  place  in  a  separate  class  the  two  descriptions  of 
breast  wheels  known  as  the  high  and  the  low  breast  wheel,  receiving  the  motive 
power  at  points  intermediate  between  the  summit  and  the  horizontal  line  passing 
through  the  axle  ;  also  of  late,  a  description  of  wheel  called  the  back-thot,  in  which 
the  water  is  carried  beyond  the  summit,  and  returns  to  strike  the  wheel  a  little  below 
that  point  on  the  descending  side. 

The  parts  of  water-whoels  and  machinciy  which  may  require  to  be  defined  are  as 
follows.  The  fore  bay  is  the  channel  leading  the  water  upon  the  wheel ;  it  generally 
has  a  hatch  or  sluice,  by  which  the  weight  of  the  water  is  regulated  ;  the  race  is  the 
part  of  the  channel  immediately  under  the  working  part  of  the  wheel ;  the  tail  bay  is 
that  part  by  which  the  water  escapes  after  it  has  exercised  its  effect.  The  wheel 
consists  ot&shaftf  upon  which  ai-e  fastened  the  arms,  bearing  in  their  turn  the  jjeri- 
phery  of  the  wheel.  Sometimes  this  is  close  boarded  or  soled,  at  others  it  is  left  open 
at  intervals  to  allow  of  the  ventilation  of  the  buckets.  The  sides  of  the  buckets  which 
serve  to  keep  the  water  upon  the  wheel  are  called  the  shrouds.  Motion  is  communi- 
cated to  the  working  parts  of  the  machinery  by  gearing  on  the  segments  of  the 
wheel,  or  by  first-motion  or  bevelled  wheels,  called  pit  wheeh^  upon  the  axle  itself. 
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I.   Vertical  Whedt  w'Uh  UraiglU  FUmti  vxrh'mg  i»  a  tlraight  ifiU-Race. 

This  deasription  of  wheel  wu  fortnerlj  the  moat  (Wquentlj  employed,  but  &t 
present  it  is  oalj  used  vhea  tfaa  fill  u  inugnifioDt  uid  daa  not  eiseed  S  fert.  The 
WBlet  ia  broDgbt  under  the  wheel  from  the  fore  buy  hjr  a  trough,  whose  aid^a  almost 
touch  the  aoaU,  uid  leave  mecelj  a  suffioient  iaterral  to  allow  of  the  moTement  of  the 
vheeL  CpoD  the  (roagh  a  hatch 
i*  fixed  to  regulate  the  qoautitr 
of  water  tn  be  admitted. 

In  learing  the  hatab  the  flnid 
Tein  becomes  eoatroetci!,  it  then 
extends  and  reaches  the  sides  at 
tbe  race.  If  therefore,  at  the 
Motion  of  the  greatest  contnwtion 
it  should  possess  the  Telocity  due 

the  h«ul  of  water  in  the  fore 
baj,  a  causiderahle  portion  nill 

be  lost ;  6ratlj,  on  account  of  the  dilatation,  and  secondl;,  on  account  of  the  &ictian 
in  the  nue,  before  it  can  reach  the  fioate.  If  tbe  race  be  long,  this  loss  maj  be  snch 
that  tbe  water  will  only  retain  ]tha  of  itsinitjal  velociUr  when  it  reaches  the  floats. 

lu  undershot  wheels  of  the  description  we  an  considering  at  present,  the  water  sets 
entiiely  by  its  shook,  and  it  is  therefore  necessary  that  V,  or  the  velocity  of  the  cui- 
KQt,  ehoatJ  be  as  great  sa  possible.  Its  diminution,  and  the 
eonseqasnt  loss  of  power,  may  he  prevented  by  placing  the  hatch 
H  near  the  wheel  as  it  can  conveniently  be  placed,  and  by 
forming  the  channel  so  aa  to  reduce  the  contraction  to  a 
minimam.  The  sidee  and  bottom  above  the  openiog  are,  fur 
this  purpose,  to  be  majle  in  continoation  with  those  of  the  mill- 
ttce,  and  ita  head  ia  the  fore  bay  ia  to  ho  opened  out  as  in  the 
aeoompanying  alietch,  repn^aenting  the  horiioot^  section. 
Poncalet  recommends  also  that  the  hatches  should  be  inclined  ; 
fbr  he  found  that  with  on  inclination  of  63°  to  the  horizon,  the 
coeffioent  of  contraction  was  0'75,  with  an  inclination  of  15°  it 
was  0-80,  whilst  a  vortical  hatch  under  umihir  circnmatancea 
gave  a  coefficient  of  0  70. 

Immeduitety  beyond  the  hatch  the  race  paaea  under  the  wheel  wiih  a  slight  incli- 
nation, and  it  thence  flows  on  in  a  straigbl  line.  The  width  is  determined  by  the 
qnan^ty  of  water  to  be  discharged;  the  depth  of  the  water,  supposing  the  wheel  to  be 
removed,  should  never  exceed  10  inches  or  hll  short  of  0  inches.  When  it  is  less 
than  the  latter  dimeaaion,  the  quantity  of  water  escaping  between  the  floor  of  the  race 
•nd  the  outer  edge  of  the  wheel  becomes  proportionally  too  great,  and  the  force  of 
tbe  current  becomes  considerably  diminished.  To  reduce  this  loss  to  a  minimum,  it 
ii  advisable  to  leave  only  a  space  of  about  }  or  ^  of  an  inch  between  the  wheel  and 
(be  re«e-flocr. 

The  most  carefully  constructed  nndenhot  wheels  at  the  present  day,  however,  are 
DO  longer  constmcted  with  perfectly  straight  races.  An  incUnatioa  is  given  bom  the 
hatch  to  the  level  of  the  lower  edge  of  the  second  float  on  the  upside  of  the  vertical 
diameter,  of  abont  ^th  or  ^,th  ;  the  bottom  then  curves  concentrically  to  the  wheel 
ODtil  it  orrivea  at  the  vertical  line  passing  through  its  centre ;  it  tlien  &1Ib  suddenly 
aboDt  i  inches  at  leut,  and  afterwards  runs  away  with  aa  great  an  inclinaUon  a*  the 
locality  will  admit.    The  width,  immediatalr  before  rtrildog  the  floaty  is  wmewbat 
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smaller  than  that  of  the  latter ;  it  aagments  gradually,  and  at  the  rertical  diameter  u 
wide  enough  to  endose  it :  in  this  manner  the  water  strikes  the  wheel  with  its  whole 
mass  without  any  loss  by  the  way,  and  the  lowering  of  the  bottom  fiusilitates  the 
escape  of  the  water  after  it  has  exercised  all  its  effect. 

It  has  been  seen  above  that  the  width  of  the  floats  is  fixed  by  the  width  of  the  imoe: 
their  height  or  dimension  measured  upon  any  radius  of  the  wheel  must  be  such  that 
the  heaping  up  of  the  water  against  the  first  float  it  strikes  should  take  place  under 
such  conditions  as  not  to  lose  any  of  the  power.  This  is  effected  by  making  the  floats 
about  three  times  the  height  of  the  water  in  the  race,  provided  thej  do  not  exeeed 
from  2  feet  to  2  feet  2  inches.  The  distance  from  one  float  to  another  measured  on 
the  exterior  circumference  of  the  wheel  should  be  a  little  less  than  their  hei^t. 
Their  number  will  then  depend  upon  the  diameter  of  the  wheel,  and  this  mi^  be  eon- 
udered  to  be  arbitrary. 

In  fact,  the  dynamical  effect  of  the  wheel  is  only  in  proportion  to  the  velocity  of 

the  floats ;  it  has  a  necessary  connection  with  the  latter  alone^  and  in  independent  of 

the  diameter.    When  therefore  it  is  required  to  fix  the  diameter,  it  in  determined  by 

the  number  of  revolutions  it  may  be  deemed  advisable  to  make  the  wheel  perfiarm  in 

a  certain  Ume,  in  order  to  transmit  the  power  to  the  machinery,  prodadng  the  useful 

action  with  the  greatest  simplicity,  and  the  intervention  of  the  smallest  number  of 

intermediate  motions.    It  is  also  desirable  that  the  wheel  should  act  as  a  fly-wheel 

so  as  to  insure  an  equable  movement.    Take  u  the  velocity  of  the  extremity  of  the 

floats,  N  the  number  of  revolutions  required  in  a  minute,  the  diameter  will  be 

60  u  u  ^ 

^^,  or  Id'I^*     In  the  most  favourable  oonditions  u  =  1 7  V^  (H  »the  total 

82    — 

fiill),  consequently  the  diameter  will  be  -^  V^. 

from  about  13  to  26  feet. 

According  to  the  diameter  adopted,  the  wheel  will 
have  the  number  of  floats  indicated  in  the  Table 
annexed.  The  numbers  are  all  multiples  of  four, 
because  millwrights  are  accustomed  to  place  a  definite 
number  of  floats  in  each  of  the  quadrants  of  a  wheel. 
There  would  be  no  inconvenience  in  augmenting 
any  of  the  numbers  given  in  the  Table  by  four. 

According  to  B41anger,  there  would  appear  to  be 
a  theoretical  advantage  in  making  the  blades,  what- 
ever  be  their  velocity,  dip  so  that  the  extent  to 
which  they  are  covered  by  the  water  should  be 
equal  to  the  depth  of  the  fluid  vein,  or  even  a  little  in  excess  of  that  depth  if  the 
velocity  be  very  great.  It  has  been  found  practically  that  this  advantage  does  exist 
when  the  floats  are  immersed  to  {rds  or  fths  of  the  thickness  of  the  fluid  vein  ;  and 
it  has  also  been  ascertained  that  there  is  no  loss  when  the  blades  are  immersed  to  a 
depth  equal  to  the  whole  thickness.  It  follows  from  this  that  the  bottom  of  the 
race  should  be  kept  below  the  level  of  the  water  at  the  back  of  the  wheel. 

Some  engineers,  D6x)arcieux  amongst  others,  believed  that  by  inclining  the  floats 
at  an  angle  of  from  20**  to  22°  to  the  radii,  in  the  direction  of  the  incoming  vrater,  the 
useful  effect  of  the  wheels  would  be  increased.  But  it  would  appear  from  Bossut's 
experiments,  that  so  far  is  this  from  being  the  case  with  undershot  wheels,  that  floats 
inclined  at  angles  of  0°,  8",  12^,  and  16^  gave  results  which  were  respectively  as  1 ; 
0*998  ;  0  '956  ;  and  0  '949.  No  experiments  are  upon  record  where  the  preciee  inelina- 
taon  recommended  by  D^parcieux  was  tried ;  but  from  those  recorded  by  Bofliuti  it 


Practically,   however,   it  varies 


Diaiuotor. 

FloatR. 

ft        fn. 
13       4 

28 

16       6 

82 

19      8 

Z6       ( 

22    10 

40        > 

26      3 

44 
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would  seem  that  the  incUnatioi^  of  the  floata,  bo  far  ^m  being  adyantageouB,  was 
positiTely  prejudicial. 

In  a  perfectly  straight  race  in  which  the  wheel  might  dip  in  the  water  in  the  tail 
bay,  a  condition  which  does  not  exist  in  the  most  modem  mills,  it  is  true  that  the 
inclination  of  the  floats  would  be  advantageous,  insomuch  that  they  would  not  be 
likely  to  lift  and  carry  with  them  a  certain  quantity  of  water,  which  would  act  in  the 
opposite  direction  to  the  moyement  of  the  wheel,  and  thus  diminish  its  effect.  This 
inoonvenience  may  also  be  obviated  by  the  adoption  of  a  system  frequently  employed 
in  wheels  erected  upon  small  branches  of  rivers,  or  in  positions  where  the  £idl  is  but 
trifling ;  it  consists  in  forming  the  floats  of  separate  parts  inclined  a  little  to  the  radius, 
but  always  at  a  greater  angle  in  proportion  as  they  approach  the  extremity  of  the 
wheel,  somewhat  in  a  cycloidal  form. 

Rims  have  been  added  to  the  floats  by  some  engineers,  for  the  purpose  of  increasing 
the  dynamical  effect.  But  it  has  been  observed  that  their  action  is  iusignificant  so 
long  as  the  floats  receiving  the  shock  are  confined  within  a  race,  for  the  race  itself 
produces  precisely  the  effect  desired.  The  increased  effect  in  other  cases  is  much 
more  likely  to  be  obtained  by  enclosing  the  floats  within  circular  plates  or  shrouds. 
In  narrow  wheels,  cast-iron  floats  slightly  cylindrical,  the  axis  of  the  cylinder  being 
in  the  direction  of  the  I'adii,  produce  the  same  effects  as  the  rims. 

It  is  found  theoretically,  that  a  current  of  water  acting  by  its  shock  upon  a  wheel 
with  floats  is  only  able  to  produce  a  useful  action  equal  to  half  of  the  greatest  effect 
it  is  capable  of  producing  ;  or,  calling  the  weight  of  the  water  supplied  per  second  P, 
and  the  total  fall  H,  the  theoretical  effect  would  be  ^  P  II.  This  result  is  far  from 
being  obtained  in  practice,  for  Smeaton^s  experiments  appear  to  shew,  that  instead  of 
being  |  P  H,  it  is  |  P  H,  or  at  the  maximum  ^  P  H. 

The  useful  effect  of  this  description  of  wheel  is  very  small ;  but  as  it  is  independent 
of  the  diameter,  and  this  may  be  made  to  vary  within  the  range  of  from  7  to  28  feet, 
without  oooaaioning  any  loss  of  power,  and  as  the  velocity  may  be  altered  within  a 
considerable  range,  these  wheels  are  advantageous  when  great  direct  velocity  of 
rotation  is  required,  or  the  velocity  of  the  wheel  may  be  exposed  to  variations. 

2.   Vertical  Float  Wheels  working  in  a  cloie  Breast, 

It  has  been  shewn  that  the  useful  effect  of  an  undershot  wheel  is  increased 
by  making  the  breast  concentric  to  its  exterior  circumference.  The  advantage  thus 
gained  is  proportionate  to  the  arc  of  the  wheel  so  enclosed  ;  at  the  present  day,  there- 
fore, the  latter  is  made  as  large  as  the  disposable  fiill  will  allow,  and  is  usually  from 
{rds  to  {ths  of  its  total  height.  The  circular  part  of  the  bi'east  requires  to  be  executed 
with  great  care,  so  that  its  surface  should  offer  the  least  resistance  possible  on  account 
of  the  friction,  and  its  axis  must  be  exactly  the  same  with  that  of  the  wheel. 

A  space  of  about  (  an  inch  is  left  between 
the  circumference  of  the  wheel  and  the  sur- 
fiice  of  the  breast,  to  allow  a  little  play  to  the 
floats.  The  width  of  the  breast  is  made  so 
18  to  allow  the  stream  of  water  to  flow  with 
a  depth  varying  between  the  maximum  of  8 
and  the  minimum  of  6  inches.  The  diameter 
of  the  wheel  and  the  number  of  floats  will 
be  ascertained  by  the  rules  given  in  the  last 
section ;  the  height  of  the  floats  should  be 
three  times  the  depth  of  the  water  upon  the 
breast.    They  are  somotimeB  indined  to  the  direction  of  the  radios. 
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S  ^  the  sectional  areft  of  the  part  of  the  float  situated  npou  the  vertical  radius  of 

the  wheel,  measured  in  the  direction  of  that  radius  ; 
y  =  the  velocity  of  the  current  at  the  point  where  the  wheel  is  situated  ;  it  may  he 

considered  to  be  the  mean  velocity  of  the  water  striking  the  fluats. 

4.  Vertical  Undershot  Float  Wheels,  vjorTcing  with  curved  Floats,  Poncelefs 

Wheels. 

Although  undershot  wheels  with  straight  floats  do  not  yield  more  than  a  fourth  or 
a  fifth  of  the  motive  power  acting  upon  them,  they  possess  certain  advantages  which 
induce  engineers  to  adopt  them  in  many  cases :  their  construction,  when  properly 
performed,  is  economical,  and  they  can  receive  a  considerable  velocity  without  any 
appreciable  loss  of  power.  M.  Poncelet  has  succeeded  in  retaining  these  advantages^ 
and  simultaneously  in  avoiding  much  of  the  diminution  of  effect,  by  substituting 
curved  floats  for  the  oi*dinary  straight  ones. 

From  a  series  of  experiments  performed  by  that  eminent  philosopher,  it  would 
appear  that  the  speed  of  a  wheel  provided  with  curved  floats  yielding  the  greatest 
effect  should  be  about  0*55  of  the  velocity  of  the  cunTent ;  it  may  vary  from  0*50  to 
0*60  without  any  appreciable  difference.  The  dynamical  effect  is  not  less  than  0*75 
P  h  for  small  f&lls  with  great  openbgs  of  the  sluices,  or  than  0*65  for  great  falls  with 
small  openings ;  h  in  this  case  representing  the  head  of  water  producing  the  velocity. 
Compared  with  the  motive  power  PH,  the  dynamical  effect  will  be  0*60,  and  may 
under  some  circumstances  descend  to  0*50  of  P  U.  We  have  seen  that  with  straight 
floats  these  numerical  coefficients  do  not  exceed  0*32  and  0*25  respectively,  so  that 
the  curvature  of  the  floats  doubles  the  effective  powers  of  the  wheel 

M.  Poncelet  gives  a  series  of  rules  for  the  construction  of  these  wheels,  from  which 
the  following  remarks  with  respect  to  the  formation  of  the  characteristic  part,  the 
curved  floats,  are  extracted. 

The  number  of  floats  should  be  double  that  already  indicated  for  undershot  wheels 
with  straight  floats. 

Their  height  in  the  direction  of  the  radius,  or  the  distance  from  the  exterior  to  the 
interior  circumference  of  the  wheel,  should  be  at  least  ^th  of  the  effective  fall ; 
it  is  made  Jrd  when  the  fall  is  about  5  feet  effective,  and  \  when  it  is  even  less. 

The  lower  element  of  the  curva- 
ture of  the  floats,  which  forms  an 
angle  infinitesimally  small  with  the 
external  circumference  when  the 
stream  eommunicatmg  motion  is  very 
shallow,  will  form  one  of  24"  or  30° 
when  it  increases  in  depth,  and  will, 
in  facty  augment  in  proportion  to  the 
depth  of  the  stream.  The  curvature 
of  the  blades  is  ascertained  by  the 
following  simple  construction.  From 
the  i>oint  A,  where  the  sti'eam  a  b  meets  the  exterior  circumference,  raise  the  per- 
pendicular A  I*,  and  fi'om  the  point  c,  where  it  strikes  the  inner  circumference 
with  the  radius  c  A,  describe  the  arc  a  b,  which  will  give  the  form  of  the  floats. 
They  may  be  executed  either  of  small  boards,  set  like  the  staves  of  a  cask,  or  of 
wrought  iron. 

A  little  beyond  the  vertical  diameter  of  the  wheel,  the  floor  of  the  race  is  lowered 
abruptly,  so  that  the  water  shall  not  meet  with  any  obstacle  to  its  escaping  from  the 
floats. 
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Diameter. 

Buckets. 

ft       in. 
10       0 

24 

13       4 

36 

16       6 

44 

19       8 

56 

26       3 

76 

32     10 

96 

89       6 

108 

1 

between  the  buckets  meaanred  upon  this  circle  is  nsoally  about  13  inebes ;  bat  as 

millwrigbts  divide  the  wheel  into  quarters,  and  place  a  definite  number  of  buckets  in 

each  quarter,  the  above  distance  may  vary  according 

to  the  njse  of  the  wheeL     The  number  of  buckets 

consequently  wilLnot  be  proportional  to  the  diameters, 

but  it  will  be  as  indicated  by  the  accompanying 

Table.     The  diameter  indicated  by  the  first  column  is 

that  of  the  exterior  circumference  ;   it  is,  correctly 

speaking,  the  real  diameter  of  the  wheel,  and  is  to 

be  understood  as  being  meant  when  the  sign  d  is 

used  in  the  following  description. 

When  the  circumference  of  the  dynamic  radius 
shall  have  been  divided  into  the  number  of  spaces 
corresponding  with  the  intended  number  of  the 
buckets,  lines  are  drawn  from  the  points  o,  d,  s,  &c. 
to  the  centre,  and  they  wiU  settle  the  position  of 
the  smaller  part  of  the  bucket.  The  larger  part  is  fixed  upon  the  principle,  that 
firstly,  the  angle  B  s  o,  formed  by  the  two  parts,  should  be  as  small  as  possible,  in 
order  to  retain  the  water  for  a  longer  period  ;  but  at  the  same  time  it  is  necessary  to 
observe  that  it  must  be  suflSciently  large  to  leave  a  space  d  h  able  to  receive  all  the 
water  without  difficulty,  and  in  such  a  manner  as  not  to  cause  any  of  it  to  rebound 
«fler  having  struck  the  wheel.  It  is  therefore  necessary  that  d  h  should  be  deeper 
than  the  thickness  of  the  fiuid  vein  ;  by  widening  the  hatch  and  the  buckets,  it  is 
true  that  the  latter  thickness  may  be  made  of  any  dimension  ;  but  it  is  found  that 
D  h  ought  not  to  be  less  than  from  4}  to  5  inches.  The  angle  heo  will  then  vary 
from  110*  to  118**,  according  to  the  diameter  of  the  wheel,  when  it  ranges  between 
18  feet  4  inches  to  39  feet  6  inches ;  so  that  the  inclination  of  the  wider  part  of  the 
bucket  will  form  an  angle  of  about  81*  to  the  tangent  at  its  x>oint  of  contact 
with  the  outer  circumference  :  it  should  never  exceed  83*.  In  practice  it  will 
be  found  sufficient  to  make  the  outer  edge  of  the  succeeding  bucket  terminate  at  the 
prolongation  of  the  radius  passing  on  the  inner  side  of  the  smaller  bucket  preceding  it. 

In  some  cases  the  bucket  is  divided  upon  a  line  equidistant  from  l  and  i,  or  i  k 
s  4  L  P  ;  L  being  ascertained  by  the  prolongation  of  the  outer  fiice  of  the  first  por- 
tion of  the  preceding  bucket  osn.  Occasionally  the  planks  of  which  the  buckets 
are  formed  are  placed  as  in  p  o  n  h,  but  the  repairs  of  such  wheels  arc  more  difficult 
and  expensive  than  where  a  simpler  form  is  used.  When,  however,  the  buckets 
are  made  of  wrought  iron,  the  form  indicated  by  R  8  is  unquestionably  the  most 
advantageous,  as  it  retains  the  water  to  the  lowest  point  of  the  revolution  of  the 
wheel. 

The  water  ts  carried  over  the  top  of  the  wheel  at  a  trifling  distance  from  it,  and 
made  to  strike  the  second  or  third  bucket  beyond  the  summit^  at  a  distance  of  about 
1  foot  8  inches  to  2  feet  beyond  the  vertical  line  passing  through  its  centre.  The 
stream  at  the  pointy  where  it  leaves  the  channel  should  be  somewhat  narrower  than  the 
wheel,  and  be  so  directed  that  it  impinge  upon  the  bucket  as  directly  and  perpendi- 
cularly as  possible. 

The  length  of  the  buckets,  or  the  distance  between  the  shrouds,  measured  upon 
the  face  of  the  wheel,  will  be  determined  by  the  volume  of  water  it  ought  to  deliver. 
If  we  take  Q  to  represent  the  volume  delivered  by  the  channel  in  1'',  d  the  distanoe 
from  one  bucket  to  the  other  upon  the  external  dreumferenee,  and  v  the  velocity  of 

any  point  in  thai  drenmftraiee^  it  b  tTident  tliat  a  number  of  buckets  eqnal  to  ^ 
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centre.  The  lower  part  of  the  wheel  then  must  revolre  in  a  direction  opposite  to  that 
of  the  stream  in  the  tail  bay,  so  that  if  by  any  accident  the  back  water  is  penned  up, 
the  wheel  may  be  exposed  to  a  retarding  force,  sometimes  of  considerable  importance. 
In  order  to  avoid  this  loss  of  power  the.water  is  poured  upon  the  back  of  the  wheel ;  its 
lower  portion  then  rerolving  in  the  same  direction  as  the  current  of  the  tail  bay,  it 
may  be  immersed  to  a  depth  of  about  1  foot  without  its  being  seriously  retarded. 
The  wheel  may  under  such  circumstances  be  lowered  to  the  extent  named,  and  the 
effective  height  of  the  fall  proportionally  increased. 

Wheels  receiving  the  water  on  the  back  of  the  wheels  are  called  high,  or  low,  breast- 
wheels,  according  to  whether  they  receive  the  water  above  or  below  the  horizontal 
line  passing  through  the  centre.  In  addition  to  the  advantage  before  cited,  they 
possess  another,  viz.  that  inasmuch  as  they  receive  the  water  below  their  summit,  the 
latter  may  be,  and  usually  is,  kept  above  the  level  of  the  water  in  the  reservoir. 
Under  certain  circumstances  this  advantage  becomes  very  important,  because  a  larger 
wheel  retains  more  effectually  the  power  communicated  to  it  than  a  smaller  one 
would  do. 

The  water  is  usually  brought  upon  breast- wheels,  by  a  trough,  at  the  end  of  which 
is  a  vane  to  regulate  its  admission  to  a  series  of  guides  serving  to  direct  the  water 
into  the  buckets.  These  guides  arc  usually  made  vertical,  and  the  buckets  are 
disposed  in  such  a  manner  as  to  continue  that  dii'ection  when  they  pass  in  front  of 
the  openings. 

The  loss  of  head  arising  from  the  form  of  the  buckets,  and  the  centrifugal  force 
being  proportional  to  the  diameter,  there  will  naturally  be  an  advantage  in  making  the 
latter  nearly  equal  to  the  fall.  It  follows,  that  inasmuch  as  in  breast-wheels  the  summit 
must  not  be  below  the  level  of  the  water  in  the  reservoir,  the  dynamical  effect  will  be 
the  greatest  when  the  water  strikes  the  wheel  at  the  smallest  distance  from  the  summit 
of  the  wheel.  In  the  greater  number  of  high  breast-wheels  this  distance,  measured  on 
the  exterior  circumference,  may  bo  80*,  or  even  less,  for  wheels  of  20  feet  and 
upwards  ;  in  small  wheels  it  is  usually  considered  advisable  to  make  it  40°.  Many 
millwrights  even  make  the  water  strike  the  wheel  at  an  angle  of  about  52*,  but 
evidently  the  water  in  such  a  case  has  no  sooner  entered  the  buckets  than  it  is  poured 
out  again.  The  loaded  arc  of  the  wheel  becomes  proportionally  so  small  that  it 
would  be  fiir  more  advantageous  to  adopt  a  wheel  of  less  diameter.  Should  the  fall 
in  fact  not  exceed  8  feet,  it  will  be  found  most  advantageous  to  adopt  an  undershot 
wheel  working  in  a  closed  channel,  which  will  carry  the  motive  power  of  the  water  to 
the  lowest  point  of  the  revolution. 

From  the  observations  made  by  M.  Morin,  it  would  appear  that  under  the  most 
favoarable  conditions  the  dynamical  effect  of  breast-wheels  hardly  exceeds  0788  P  H, 
G^erally  speaking,  it  would  not  exceed  0*75  P  U,  and  M.  D'Aubuisson  is  of  opinion 
that  it  should  not  be  calculated  to  be  in  practice  above  0*70  P  H. 

B.  The  back-thot  wheel  may  be  considered  a  species  of  oversJiot,  for  it  consists  of  a 
channel  carrying  the  water  over  the  top,  and  provided  with  a  sluice  so  disposed  as  to 
cause  it  to  revert  and  strike  the  wheel  at  the  back.  This  arrangement  involves  a 
trifling  loss  of  tall  between  the  channel  and  the  wheel ;  but  on  the  other  hand  it 
obviates  the  inconvenience  alluded  to  as  arising  from  the  flooding  of  the  tail  bay,  bj 
causing  the  wheel  to  revolve  in  the  direction  of  the  current  in  the  latter. 

Mr.  W.  Fairbaim  has  done  more  to  improve  the  effective  power  of  bucketed  water- 
wheeU  than  any  other  constructor  of  late  years,  by  the  introduction  of  what  he  calls 
ventilated  buckets.  As  he  observed  in  the  Paper  upon  this  subject  presented  to  the 
Institution  of  Civil  Bngineers,  "  close  bucketed  wheels  labour  under  great  difficulties 
when  receiving  the  water  through  the  same  orifice  at  which  the  air  escapes,  and  in 
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Mioc  wbeeU  the  fonni  and  ecmitractlon  of  tbs  busketi  %n  n 
prerenttbe  entruioe  of  tlie  w&tsr."  Tbs  modiGcaiiona  he 
be  lUUd  to  bare  been  for  tbe  pnrpaw  of  preTeatiog  tbe  cwu 
for  pennitting  it<  eicspe  during  tbe  filling  of  tba  bnoket 
r8*ftdnunion  daring  the  diich»rge  of  the  vkt«r  into  like  lover 


tho  power,  it  in  preferred  m  conntrioB  where  ekiiled  I«bo 
execution  of  repairs  diffienlt  In  euch  mitle  the  suie  >luf 
commnnic&iing  power  at  tho  bottom  carries  the  mill-Atone 
pirot  let  inU>  a  moTeahle  seating  able  to  be  tueed  or  low 
interTBts  between  the  iiicd  or  reTOlring  itonea. 

The  old  railte  fignred  in  Betidor's  '  Architecture  HTdranlii 
■haft,  npoD  which  are  fixed  a  seriei  of  bladea,  meatlj  cnrrlli 
fbtmi  in  almost  eTor;  inetance.  The  water  comnioniealii 
•ame  of  tbeie  wheels  in  an  isolated  Tela  by  tneani  of  a  pips, 
in  a  cylinder  open  below,  and  the  moTsmeDt  is  pradneed  b; 
M  the  Utlfr  end  of  tho  Inst  oenturj  miiny  rotor;  machines 
tbe  vator  communicated  motion  by  rntcUon,  and  the  mat 
paid  cansidershle  attention  to  the  investigation  of  tlie  lai 
more  recently,  or  about  182S,  H.  Burdin  introdneed  tlie  • 
called  '  tnibines'  to  public  notice,  and  hie  pupil  IC.  Foninej 
Zoppiuger  and  WhilcUw,  hare  conaiderabt}-  improred  it. 

In  the  boriiontal  mills  need  in  tbe  Alps  and  the  Fjrreni 
about  6  feet  6  inches  in  diameter,  and  only  8  inebes  deep ;  I 
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DDiubet.  The  partioD  rMeiviog  Ibe  ahock  a  conCBTe  uiil  of  ta  inclined  curviliaear 
form,  so  orraDged  that  ita  inleisectiona  by  s  aarioB  of  planei  TerticAl,  and  perpon- 
dieular  to  the  radius,  fono  curvei  inereaaiDg  u  the;  recede  from  the  eentre.  The 
upper  element  of  tliese  eurres  ii  reriical,  the  lover  one  ia  Ibe  more  iacllueJ  ia 
proportioa  ss  the  eitremity  in  nppronched,  where  the  carratore  is  cearl;  equnl  to  a 
qnadrant  of  a  circle. 

The  water  U  directed  upon  these  wheeU  with  a  head  of  from  24  to  30  feet,  or  even 
more,  anil  eicrdaee  itH  effect  priocipsll;  by  its  shock,  if  not  cutltelf.  If  the  floats 
then  vtte  norma!  to  the  direction  of  the  current  npnn  their  wliolo  Burfnce,  the 
Mpreraion  of  the  maximum  of  effect,  K,  would  be  nearly  E  -.  J  PA',  calling  A'  the 
height  really  correepotding  to  the  velocity  with  which  the  water  strikes  the  wheel. 
In  practice  the  real  effect  is  below  that  given,  for  not  only  is  n  portion  of  the  water 
wasted  without  striking  the  wheel  at  any  point,  but  alio  the  sreater  portion  will  not 
strike  it  TorUeally  to  the  aarface  of  its  blades.  EiperimentE  npon  the  useful  effect 
of  these  mills  have  reduced  the  eipresaion  given  above  to  5  P  H,  hnt  it  is  not  nanaUy 
coD^dered  safe  to  adopt  a  higher  proportioq  than  0'30  P  H. 

7.  JTorizmia!  WhteU  working  in  a  Cj/lindei: 
The  last'Cited  description  of  faoriiontil  wheels  arc  principally  employed  when  the 
streun  is  small  in  volame  and  the  fall  great ;  bat  when  these  oanditions  are  reversed, 
the  wheel  ii  made  to  work  in  a  cylinder  of  wood  or  of  etone,  open  above  and  belo*. 
Theae  wheels  are,  and  have  long  been,  very  eommon  on  the  banks  of  the  Qaronne,  the 
Tame,  the  Areyron,  and  the  Lot,  in  the  South  of  Franoe. 

The  wheels  ore  Dsuslly  made  about  3  feet  t  inehes  di.imeter,  and  10  inches  deep ; 
the  bbdes  are  nine  in  number,  and 
formed  as  described  for  wliecls  moving  by 
the  percDBsion  of  an  isolated  vein.  The 
oylinder  is  made  abont  7  feet  0  inches 
deep,  and  3  feet  1]  Inches  diameter  ;  the 
wheel  being  placed  qnil«  at  the  bottom. 
A  chamel  serving  to  conduct  the  water 
is  formed  in  the  whole  vertical  beight  of 
the  cylinder  above  the  top  of  the  wheel, 
it  dimitiishei  gradually  to  ita  point  of  die- 
charge,  where  it  is  not  more  than  11  inches 
wide,  and  one  of  its  faces  ia  tangential  to 
the  inner  curve  of  the  cylinder.  The 
water,   after   leaving  the  sluice  at   the 

entiauce  of  the  channel,  is  directed  with  violence  against  the  part  of  the  cylinder 
Immediately  opposite  to  it)  following  the  new  direction  it  thence  receives,  it  runs 
ronnd  the  sides  of  the  cylinder,  acquires  a  circaUr  motion,  clesoends,  and  strikes  the 
wheel  upon  which  it  acts  bj  its  impalsion  and  its  weighty  comiunnicaljng  to  it  the 
motion  thus  aoqaired. 

The  space  left  between  the  wheel  and  the  sides  of  the  cylinder  is  a  cause  of  consi- 
derable loss  of  power,  because  the  centrifugal  force  of  the  descending  current  causes 
the  watoi  te  adhere  closely  to  the  sides,  and  a  gre;it  portion  thus  escapes  wilhout 
producing  any  effect.  In  the  most  modern  machines  of  this  description,  the  cylinder 
is  made  rather  smaller  than  the  wheel,  which  is  placed  immediately  beneath  it,  so 
that  nearly  all  the  motive  current  falls  upon  the  wheel ;  but  even  in  this  ease  there  is 
ft  1(M  of  relodty  in  the  onrrait,  owing  to  the  change  of  direction, 

3i;3 
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Hoiin  gire*  t,  rule  lo  ealeokta  i 
Uoa  Bliould  perform  In  >  KCond. 


n  =  tbenamberaf  TflTaTntioDi; 

D  =  th<  dikmeter  of  (he  cjUndar  in  jmrdi  ind  dcamkla  o 

Jt  =  tbe  diameUr  of  the  vheel,  in  ditto  ; 

E  »  the  opening  of  tlie  stuioe. 
Tho  form  of  the  enrred  bUdea  u  to  b«  MeertMaed  bj  tlie : 
tlie  other  kiodi  of  wbeeli  eonitmiHed  with  flonts  of  that  lu 
itunre  that  the  vater  ahall  exercise  tH  i(a  djnaminl  effect,  it  a 
the  wheel  without  shocV,  and  leiTe  it  villoat  Telodtj.  From 
the  MIoinmcDt  of  theee  canditioai,  it  ariaee  that,  perfeet  u  < 
■re  in  theorr,  their  real  effect  is  larel;  more  thaa  ^  P  H  ;  and 
perfectlj  conjtmcted  modem  onei  that  it  riaea  to  O'SS  P  H. 
that  in  some  ioetances  it  hae  attainEd  0'35  P  H  ;  and  he  widi 
effect  ia  obtained  when  the  Tclocitj  of  the  mean  sheet  of  nt«[ 
it  (trikee  the  wheel,  ii  0'4fi  of  V,  the  f elodt j  at  vhich  it  flowi 
Small  aa  ia  the  pncticai  resalt  attained,  compared  with  tt 
plojed,  the  umpUcit?  and  aoliditj  of  the  mechaniam  of  these 
render  their  adoption  deairable.  The;  pceieas  another  advan 
to  work  when  (hey  are  flooded  to  a  considerable  height,  —in  f» 
ciable  diflerenco  exists  between  the  fore  and  the  tail  baji.  I 
in  Bome  riTers  where  Uie  fall  is  small,  not  exceeding  in  man] 
those  wheels  are  placed  from  1  foot  S  inches  to  2  feet  4  inet 
the  ordinar;  waters  in  the  rirer  in  (he  tail  bay. 

8.   Tiirbinttof  M.  Fonnuifnm. 
The  great  waate  of  water  which  tAkes  place  in  all  horiiont 
isolated  TCin,  or  working  in  a  cylinder,  led  to  nnmerous  mod 
did  no 


of  H. 


•S==;H  E= 

: 

— 
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time.     When  these  machiaes  ore  earefnlly  m^le,  thej  are  foi 
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for  large  or  smkU  falls  ;  tbe;  weigh  verj  little  in  eompuifon  vlth  the  effect  produced, 
tad  are  able  to  vork  u  veil  Then  ondei  great  deptlis  of  water  aa  ia  tkeir  normal 
oonditioDi. 

Binea  tbeee  wheels  perliirm  m  well  under  greit  bb  under  small  lieads  of  water  in 
the  twl  baj,  the  first  rule  to  be  ubaerred  in  their  conBtraction  is  to  place  them  below 
the  leTel  of  the  lowest  water,  which  will  render  the  total  f.dl  aTatlable  at  aU  time*. 
Thej  oonurt,  like  all  other  lioriiontal  wheels,  of  three  parts  ;  the  cylinder  mth  its 
(apports, — the  tarbiaa  ilaelf,  properly  so  called,  or  the  annolar  wheel, — and  the 
■Iniee.  The  cylinder  ia  nsnally  made  of  oast  iron,  and  has  in  the  centre  a  water-tight 
passage  for  the  Tertical  Grat-motion  shaft :  the 
partitions  direcIJDg  tho  water  to  the  blades  of 
the  turbine  are  of  wronght  iron.  The  turbine 
coniiata  of  two  hDriioatal  cast-iron  plates,  main- 
luned  at  their  respectiTC  distances  by  the  blades 
of  wrought  iron  ;  the  lower  plate  is  cast  with  a 
•eating  to  re«eiTe  the  Tertical  shaft,  which  is 
keyed  on  to  it,  and  works  in  a  cnp  or  socket 
able  to  be  r^scd  as  required.  The  blades  are 
of  a  simple  curve,  the  first  element  of  which  is 
perpendicular  to  the  inner  circumference  of  the 
turbine,  aad  the  lost  fanni  an  angle  of  lfi°  with 
the  outer  cireumfcrencc.  The  directing  plates 
of  the  cylinder  are  made  deeper  than  the  blades  of  the  turbine,  and,  for  ahnut  10 
inches  of  their  length,  are  in  a  straight  line  farming  an  angle  of  30°  with  the  exterior 
■uiface  ;  the  form  of  the  remaining  portion  ia  not  of  important.  InaiJe  the  cylinder 
works  the  sluice,  farmed  by  a  second  cjliuder  working  vertically,  and  opening  the 
paaages  left  in  the  side  of  the  larger  one.  Its  motion  is  regulated  by  a  rack  and 
janion  :  cure  must  be  taken  to  round  the  lower  edge  of  the  sluice  so  as  not  to  interfeie 
with  the  discharge  uf  the  water. 

It  ia  to  be  obseiTed,  that  as  the  blades  of  turbines  are  composed  of  a  series  of  Ter- 
tical elements,  the  water  in  leaTing  them  ia  only  affected  by  the  centrifugal  force 
which  produces  the  rotary  moToment.  Neither  the  weight  nor  the  shock  of  the 
stream  is  employed ;  end  this  may  be  said  to  be  the  only  machine  in  which  motion  is 
otitaineJ  by  the  centrifugal  force. 

M.  Fonmeyron  has  poblialied  the  rules  to  be  obaerrea  in  the  eonstrnction  of  tnr- 
Innes ;  but  by  his  patent  he  has  reserred  to  himself  the  right  of  constmcting  them  so 
long  as  ibe  patent  may  last.     The  rules  are  briefly  as  fallows  : 

The  Tolume  of  water  will  be  determined  by  the  total  fall,  nod  as  it  is  known  that  a 
tnrbine  will  yield  an  effectiTe  power  equal  to  0'70  of  that  applied  to  the  machine,  the 
qoantity  to  be  supplied  per  second  will  l>e  Q= 

formulK  is  of  course  based  upon  the  metrical  syalem  of  wdghta  and  n 

if  we  adopt  the  yard  and  its  decimal  snbdiTiuons  throughout,  little  proetical  error 

will  arise. 

?oT  moderate  falls,  the  Telocity  of  the  water  in  the  cylindrical  reservoir  should  not 
eieeed  Jth  or  ^th  of  that  due  to  the  total  fall ;  the  mean  velocity  of  the  water,  or  U, 
will  then  be  taken  at  ^th  or  ^th  of  the  velocity  due  to  H,  and  the  diameter  will  be 

ealonlated  bj  the  formula  D-  V  „.,„<  a  "*  '°'*'^  ii«at\»r  of  (he  wh«l 
i*  made  abont  IforV  creaUr  than  (hat  of  the  ojlinder,  and  ia  acain  from  070  (o 
0'80  of  iti  own  outer  diame(er. 
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the  friction  of  the  bearings,  of  about  0*60  to  0*65  of  the  absolnte  power  of  the  motire 
stream.  They  may,  without  any  appreciable  difference  in  their  proportional  results, 
move  with  yery  different  yelocities.  They  are  the  description  best  adapted  to  falls  of 
firom  4  feet  to  about  8  feet  6  inches  in  height 

As  their  radius  ought  to  be  at  least  equal  to  the  height  of  the  fall,  if  the  latter  ex- 
ceed 8  feet  6  inches,  they  will  become  inconyeniently  heayy  and  cumbrous  :  they  will 
also  require  a  perfection  of  execution  not  easily  attained  in  new  countries  or  colonies. 
They  haye,  moreoyer,  the  more  serious  inconyenience  of  not  being  able  to  work 
should  any  back-water  exist  in  the  tail  bay. 

The  undershot  wheels  with  curyed  floats,  on  the  system  of  M .  Poncelet,  yield,  as 
we  haye  seen,  0*60  of  the  total  motiye  power  when  the  £dl  is  about  5  feet  and  under, 
or  0*50  when  that  height  is  exceeded. 

They  can  work  with  considerable  yelocity,  which  allows  ot  their  making  a  greater 
number  of  reyolutions  than  any  other  system  of  undershot  wheels.  Their  width,  and 
consequently  that  of  the  channel  and  the  sluice,  arc,  fur  an  equal  force,  less  than  in 
the  case  of  straight  wheels.  It  follows  that  their  construction  is  more  economical, 
their  weight  less,  and  their  establishment  more  easy  in  certain  positions  than  is  the 
case  with  any  other  undershot  wheels.  They  can  be  flooded  to  the  depth  of  their 
shrouds,  without  materially  impairing  their  useful  effect, — a  great  advantage  in 
countries  exposed  to  inundations. 

An  objection,  or  rather  an  inconyenience,  attached  to  their  use  consists  in  the  fact 
that  if  they  be  made  to  revolye  at  a  yelocity  sensibly  different  from  that  of  the  maxi- 
mum effect,  the  water  will  rebound  into  the  interior  of  the  wheel,  and  give  rise  to  a 
corresponding  loss  of  power. 

They  are  particularly  adapted  to  small  falls  of  about  5  feet  and  under,  possessbg  a 
great  flow  of  water. 

Bucket-wheels  present  the  same  advantage  with  wheels  canTing  straight  floats 
working  in  a  close  breast,  of  yielding  0*70  of  the  motiye  power.  They  are  particularly 
adapted  to  falls  of  10  feet  or  upwards ;  and  as  they  do  not  require  to  work  in  a 
close  breast  when  their  buckets  are  only  half-filled,  their  construction  is  yery 
economical. 

As  the  water  ought  generally  to  pour  upon  them  with  a  yelocity  of  from  8  to  10  feet 
per  second,  and  the  falls  are  considerable,  they  are  able  to  apply  usefully  great  motive 
power  without  requiring  an  excessiye  width.  In  the  case  of  great  falls,  also,  they  are 
able  to  work  when  the  wheel  is  flooded  to  a  height  above  the  shrouds. 

The  breast-wheel  is  superior  to  the  overshot  when  the  supply  of  water  is  variable, 
and,  from  the  fact  that  its  diameter  may  be  made  to  exceed  the  total  fall,  it  is  the 
most  advantageous  in  oases  where  the  first  motion  of  the  machinery  is  required  to  bo 
oonsiderable.  The  back-water,  in  times  of  flood,  has  less  influence  upon  this  class  of 
bucket-wheel  than  any  other  :  they  can  therefore  work  for  a  longer  time,  and  to  a 
much  greater  depth  in  back-water. 

The  majority  of  horizontal  and  reaction  wheels  have  been  found  to  be  so  practically 
nseless,  that  they  have  been  almost  entirely  abandoned,  with  the  exception  of  M. 
Foumeyron*s  turbine.  The  Continental  Engineers  have  a  decided  predilection  for 
tills  class  of  machines  upon  the  following  grounds,  stated  by  M.  Morin,  who  has  yery 
closely  examined  their  action. 

They  are  applicable  to  any  height  of  fall,  from  the  least  to  the  greatest  hitherto 
employed.  M.  Foumeyron  has  himself  executed  one  at  Pont  sur  TOgnon,  working 
occasionally  with  only  a  head  of  9  inches ;  he  executed  another  at  St.  Blasier,  in  the 
Bkck  Forest,  for  a  Ml  of  354  feet. 

From  0*70  to  0*75  of  the  net  effieotiTt  power  may  be  obtuned,  and  the  tnrbinea 
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may  revolre  even  at  velocities  differing  widely  from  tbat  oorresponding  with  tire 
TOft'ritninn  of  effect,  withont  thereby  giving  rise  to  a  notable  loss  of  power. 

In  addition,  tbey  poesess  the  advantages  of  occupying  a  very  small  space  ;  they  can 
be  placed  at  almost  any  position  where  the  power  may  require  to  be  employed  ;  and, 
as  they  may  be  made  to  revolve  at  much  higher  velocities  than  any  other  description 
of  wheels,  they  obviate  the  necessity  for  multiplying  gearing  in  the  working 
machinery, 

Worla  consulted.  —  Smeaton  on  the  Power  of  MUls — Treatise  on  Mills,  by  John 
Banks — Practical  Essay  on  Mill  Work,  by  Buchanan — Fairbaim  on  Ventilated  Water- 
Wheels — Fairbaim  on  Mills  and  Mill  Work — Glynn's  different  Papers  communicated 
to  the  Institution  of  Civil  Engineers,  and  to  Scientific  Journals — Beardmore's  Tables 
— Tompleton*s  Millwright's  Assistant,  &c. — D'Aubuisson's  Traits  d'HydrauUque — 
Morin*s  Aide-M6moire  de  M6canique  Practiquc — Claudel's  Formules  k  l* Usage  des 
Ing£nieurs — Belidor  and  Navier's  Architecture  Hydraulique — Bossut's  Becherches 
experimentales  sur  TEau  et  le  Vent — Fabre,  Essai  sor  la  Construction  des  Roues 
hydrauliques — Poncelet*s  Mdmoires  sur  les  Bones  hydrauliques  d  Aubes  Courbes — 
Goriolis,  Calcul  de  TEffet  des  Machines — Egen,  Untersuchungen  Uber  den  Effekt 
einiger  in  Rhcinland-Westphalen  bestchenden  Wasserwerke — Enler's  M6moires  in 
the  Transactions  of  the  Berlin  Academy — Bemouilli,  Hydrodynamica— Transac- 
tions of  the  Society  of  Arts — Bepertory  of  Arts,  &c. — Transactions  ^of  the  Franklin 
Institution,  &c.,  &c. 

The  reader  is  also  referred  to  the  Elementary  Treatise  on  Mills  and  Mill-work,  by 
Bfr.  Glynn,  forming  part  of  Mr.  Weale's  Scries  of  Elementary  Worka,  for  details  with 
respect  to  the  application  of  the  power,  the  production  of  which  alone  has  been  con- 
sidered  above.  An  examination  of  the  machinery  required  to  effect  the  various 
operations  of  grinding  flour,  of  sawing,  spinning,  weaving,  gunpowder-making,  &c., 
would  have  swelled  this  article  to  a  very  inconvenient  extent. 


WELLS.* — The  term  wells  is  usually  restricted  in  its  application  to  excavations  by 
means  of  which  water  is  obtained  from,  or  admitted  to,  strata  beneath  the  surface, 
able  to  admit  of  its  passage  in  either  an  upward  or  a  downward  direction.  In  the 
former  case,  the  water  is  obtained  from  shallow  or  from  deep-seated  sources  by  what 
are  usually  called  wells,  or  from  Artesian  borings.  In  the  latter  case,  the  foul  waters 
of  certain  industries,  or  the  excess  of  supply  of  land  springs,  in  some  instances,  are 
removed  by  what  are  called  *dead*  or  *abtarhing*  wells.  Strictly  speaking,  the 
excavations  through  which  access  is  obtained  to  deep-seated  mines,  or  to  tunnels,  and 
other  underground  operations,  arc  wells ;  but  it  is  more  common  to  designate  them  by 
the  term  f  Aa//,  reserving  that  of  wells  to  excavations  formed  expressly  for  the  purpose 
of  obtaining  water,  or  for  removing  that  which  may  be  susceptible  of  becoming  a 
nuisance. 

The  description  of  well  to  be  adopted  in  any  particular  instance  must  depend  not 
only  upon  the  quantity  required,  but  also,  and  to  a  much  greater  extent,  upon  the 
geological  constitution  of  the  district  in  which  it  is  proposed  to  sink  it,  whether  it  be 
desired  to  form  a  supplying  or  an  absorbing  well.  It  becomes  therefore  necessary  to 
state  briefly  the  general  conditions  affectbg  the  transmission  of  waters  through  under- 
ground strata. 

•  By  G.  R.  Bumcll,  C.E. 
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ieolotfcal  Most  large  bydrograpLical  baalns  will  be  found  to  be  bounded  by  the  outcrop  of 

ffectingweUs.  ^™^  Btroogly-marked  geological  formation  of  an  older  date  than  the  deposits  consti- 
tnting  the  principal  portion  of  the  district.  In  fact,  there  exists  a  remarkable  con- 
cordance between  the  external  configuration  and  the  geological  structure  of  a  eountry. 
The  bounding  ridge  circumscribing  any  particular  basin  usually  assumes  a  concare 
form,  and  is  filled  in  with  strata  more  or  less  conformable  to  it,  or  to  one  another ; 
and  in  the  majority  of  cases,  the  lithological  character  of  the  more  recent  strata 
assumes  a  considerable  degree  of  regularity  in  the  alternations  of  the  perrious  and 
impervious  beds  filling  in  the  basin.  From  the  bounding  ridge  to  the  outfall  there 
exists  naturally  a  general  inclination  of  the  surface ;  and,  if  the  water-course  be 
ascended  in  the  opposite  direction  to  that  of  its  flow,  the  successive  strata  will  be 
found  to  outcrop,  over  areas  differing  in  extent  according  to  their  thickness  and  the 
angle  of  their  dip. 

The  rain-fall  upen  a  basin  of  this  description  will  be  partially  absorbed  by  the 
vegetation  ;  partly  it  will  be  removed  by  evaporation ;  partly  it  will  run  off  in  the 
water-courses  forming  the  superficial  drainage  of  the  districts  ;  and  the  remainder  will 
penetrate  the  permeable  strata  outcropping  upon  the  surface.  Of  course  there  must 
be  considerable  difference  in  the  quantities  taken  up  by  any,  or  cither,  of  these 
agents  ;  for  the  circumstances  of  the  rain-fall,  so  far  as  regards  its  more  or  less  equal 
distribution  over  the  year, — the  climate,— the  more  or  less  level  character  of  the 
countiy, — will  not  only  affect  the  volume  of  the  water-courses,  but  also  the  evapora- 
tion, and  the  supply  of  deep-seated  springs.  It  is,  however,  usually  considered  that 
about  one-third  of  the  total  rain-fall  runs  away  in  the  superficial  water-courses  ;  one- 
third  is  returned  to  the  atmosphere  by  evaporation,  or  is  absorbed  by  the  vegetation  ; 
and  the  remaining  third  penetrates  the  ground  to  supply  the  deep-seated  springs. 

Should  the  surface  of  a  large  extent  of  country  consist  of  permeable  materials,  such 
as  gravel,  sand,  and  some  descriptions  of  loam,  the  water  soaking  into  the  earth  will 
descend  through  it  until  it  meets  with  an  impermeable  stratum.  As  no  hydrostatic 
pressure  exists  upon  it,  the  springs  fed  by  the  water  so  descending  cannot  rise  above 
the  ground,  and  they  arc  found  to  follow  the  laws  regulating  the  flow  of  surface 
waters,  excepting  in  so  much  as  the  friction  of  the  materials  traversed  may  serve  to 
retard  their  motion.  The  greater  portion  of  the  water  will  collect  in  the  lowest  part 
of  the  upholding  stratum  :  if  the  sides  be  of  equal  height,  and  the  dip  of  the  latter 
regular,  this  will  be  found  to  be  about  in  the  middle  of  any  depression ;  if,  on  the 
contrary,  one  side  bo  steeper  than  the  other,  the  lowest  part  will  be  found  to  be 
nearer  the  steeper  side.  No  springs  of  importance  will  be  found  at  the  heads  of 
valleys,  but  they  are  usually  to  be  met  with  at  the  intersection  of  secondary  valleys 
with  the  principal  one  of  the  formation.  As  also  occurs  with  surface  waters,  the 
volume  yielded  by  any  underground  spring  is  proportionate  to  the  length  of  the 
valley  supplying  it,  and  the  latter  is  always  greatest  when  the  secondary  valleys  of  a 
hydrographical  basin  form  an  acute  angle  with  the  direction  of  the  main  valley.  The 
conditions  above  stated  actually  exist  in  the  district  round  London,  where  the  Bagshot 
sand  formations,  and  the  gravels  and  loams  formerly  called  diluvium,  repose  either 
upon  the  London  clay  or  upon  the  chalk. 

If,  in  the  district  supposed  to  be  under  examination,  the  strata  consist  of  alter- 
nations of  permeable  and  impermeable  materials,  and  they  successively  crop  out  from 
under  one  another,  forming  a  basin-shaped  depression  towards  the  centre, — the  water 
falling  upon  the  permeable  strata  will  soak  into  them  and  fill  the  lower  portion,  if  no 
outlet  exist  by  which  it  may  escape  through  the  stratum  upholding  it  in  the  other 
parts  of  its  conrse,  or  by  which  it  may  rise  to  the  surface  with  greater  ease  than  it 
can  continue  its  imdergroond  flow.     Qenerally  speakinj^  in  a  perfect  basin,  the 
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are  the  indicaiions  of  theoretical  geology  in  this  as  in  all  other  branches  of  engineer- 
ing, the  indnctions  deriyed  from  it  require  to  he  verified  hj  actnal  experiment.  In 
the  case  of  nnderground  waters,  for  instance,  if  any  intermption  of  the  regularity  of 
the  substratum  occur,  either  from  a  fissure  or  from  an  irregularity  of  form  in  the 
outline  of  the  basin,  such  as  often  exists  -without  any  external  indication,  we  are 
exposed  to  find  that  the  conditions  of  the  lower  part  of  the  stratum  from  which  we 
expected  to  derive  a  supply  of  water  may  be  very  different  from  those  we  might  have 
been  entitled,  h  priori^  to  expect.  The  first  attempts  to  derive  water  from  any 
formation  must  therefore  be  always  exposed  to  a  certain  amount  of  risk.  The  differ- 
ent results  obtained  in  the  Paris  and  Brighton  Artesian  Wells  from  those  obtained  at 
Highgate,  Harwich,  Calais,  &c.,  may  be  cited  as  illustrations  of  the  uncertainty 
attending  this  class  of  operations. 

Should  any  wells  exist,  the  dimensions  to  be  given  to  a  new  one  to  be  formed  in 
any  locality  will  be  ascertained  by  observing  the  height  of  the  water-line  in  them  at 
the  differeuj)  seasons  of  the  year,  and  the  rate  of  supply  must  be  ascertained  by  observ- 
ing the  extent  and  manner  in,  and  the  level  to,  which  the  water  may  be  lowered  by 
pumping.  In  some  cases  also  it  may  be  necessary  to  ascertain  the  area  of  what  may 
be  called  the  contributing  ground,  in  order  to  form  a  correct  opinion  as  to  the 
capabilities  of  the  source  of  supply  to  meet  any  other  demands  which  may  arise.  In 
no  country  in  Europe  does  any  legislation  exist  by  which  a  right  of  property  can  arise 
with  respect  to  the  flow  of  underground  waters.  It  is  therefore  possible  that  the 
supply  may  be  cut  off  from  a  well  entirely,  or  at  least  considerably  diminished,  by  the 
execution  of  similar  works  in  the  immediate  vicinity.  Before  founding  any  establish* 
ment  depending  upon  it«  supply  of  water  from  such  underground  streams,  it  there* 
fore  becomes  essentially  necessary  to  ascertain  all  the  circumstances  affecting  the 
latter. 

When  the  extent  to  which  it  is  possible  to  lower  the  water-line  shall  have  been 
ascertained,  the  depth  to  be  given  to  the  well,  and  the  position  to  be  ascribed  to  the 
bottom  of  the  rising  main  of  the  pump,  will  be  fixed  so  that  the  latter  shall  always  be 
below  the  surface  of  the  water  in  the  well,  and  that  a  sufficient  quantity  of  water  may 
exist  under  it  to  maintain  the  efficient  action  of  the  pumps.  A  depth  of  from  4  to  6 
feet  below  the  line  of  permanent  depression  will  be  sufficient  for  all  ordinary 
purposes ;  a  diameter  of  about  4  feet  in  the  clear  of  the  finished  work  will  also  be  all 
that  is  required  for  domestic  or  small  trade  uses. 

2.  The  manner  in  which  the  sides  of  a  well  are  to  be  lined,  or  as  it  is  commonly 
called  steined,  will  dei)end  equally  on  the  nature  of  the  strata  to  be  traversed.  The 
objects  proposed  to  be  effected  by  such  works  are  to  prevent  the  incoherent  materials 
of  the  sides  from  falling  into  the  well,  and  to  exclude  occasionally  such  land  waters  aa 
may  be  likely  to  contaminate  those  furmshed  by  the  lower  stratum.  In  stiff  clay, 
gravel,  or  chalk  of  great  consistency,  a  thickness  of  half  a  brick  will  usually  suffice  for 
the  steininffy  and  in  many  cases  it  may  be  even  executed  without  mortar.  The  thick- 
ness will  naturally  be  increased  if  the  strata  are  more  exposed  to  slip,  or  if  land 
springs  are  to  be  excluded  :  in  the  latter  case  it  Ijecomes  neoessary  that  the  materials 
employed  should  be  of  a  nature  to  resist  permeation  through  their  substanoe. 
Brickwork  in  cement  of  considerable  thickness,  and  cast  or  wrought  iron  curbs,  are 
frequently  employed  in  such  cases. 

The  steining,  of  whatever  materials  it  be  constructed,  is  put  together  or  built  upon 
a  bottom  curb  made  with  a  cutting  edge,  and  the  ground  is  excavated  from  beneath  this 
curb  equally  all  round.  The  curb  then  descends  by  its  own  weight,  and  is  retained 
in  its  vertical  position  by  means  of  guides ;  the  briekwork  is  added  from  the  top, 
and  this  qperation  is  continued  nntil  the  onrb  will  sink  no  longeri  owing  to  iha 
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illustration  of  this  eondltioo,  and  it  is  principally  from  snch  fissurefl  that  the  wells  in 
the  Artois  derlre  their  supply  ;  but  it  is  frequently  to  be  met  with  in  the  lower  secon- 
dary formations,  particularly  in  the  carboniferous  series. 

Of  the  Artesian  wells  already  executed,  the  most  numerous  are  those  to  be  found 
in  the  basins  of  London,  of  Paris,  of  Modena,  in  the  secondary  formations  of  Tours  and 
Bouen,  and  the  whole  of  the  Artois,  and  of  Cpper  Normandy,  in  the  greensand  below 
the  chalk  of  Nancy,  in  the  marls  of  the  new  red  sandstones,  and  of  Derbyshire 
and  Lancashire  in  the  same  series  of  deposits. 

If  we  cannot  predicate  with  certainty  in  what  formations  water  will  bo  found  by 
means  of  an  Artesian  well,  this  much  is  known,  that  the  jirimarv  and  transition, 
or  metamorphic,  rocks  are  never  likely  to  exist  under  the  conditioDs  requisite  to 
insure  its  success.  In  them  the  subterranean  currents  can  only  permeate  along  the 
lines  of  cracks  or  fissures  whose  direction  is  sufficiently  capricious  to  defy  calcula" 
tions.  Again,  in  sedimentary  deposits  much  affected  by  geological  disturbances,  or 
in  elevated  districts  which  are  not  surrounded  by  the  outcrops  of  a  permeable  stratum 
at  a  higher  level,  and  passing  beneath  those  to  be  operated  upon,  there  can  hardly  be 
said  to  exist  any  reasonable  prospect  of  success.  It  is  only  in  regularly  stratified  depo- 
sits which  have  not  been  subsequently  disturbed  there  can  be  said  to  exist  any 
certainty  of  obtaining  a  supply  by  the  formation  of  an  Artesian  well.  As  will  be 
shewn  hereafter,  the  same  theoretical  reasoning  upon  the  geology  of  a  particular 
district  applies  equally  to  Absorbing  Wells. 

Where  many  Artesian  wells  are  sunk  in  the  same  formation,  there  results  a  diminu- 
tion in  the  rate  of  supply,  which  may  seriously  affect  their  value  ;  so  much  so,  in  fact, 
as  to  render  it  doubtful  whether  some  legislative  interference  be  not  required  to  main- 
tain the  rights  of  the  parties  first  applying  the  water  obtained,  at  what  must  always 
be  a  considerable  risk  and  a  great  outlay.  The  diminution  of  the  supply  from  the 
original  Artesian  wells  round  London,  from  those  of  Tours,  and  from  those  near 
Modena,  owing  to  the  unlimited  formation  of  other  wells,  is  a  matter  of  public 
notoriety. 

In  sinking  an  Artesian  well,  the  first  operation  consists  in  forming  an  ordinary  well 
to  a  depth  to  be  regulated  by  the  yield  of  the  water-bearing  stratum  and  the  probable 
demand  ;  at  the  bottom  a  guide-pipe,  able  to  admit  the  largest  tools  to  be  used  in 
the  boring,  is  to  be  fixed  carefully  in  a  vertical  position,  and  above  this^at  the  highest 
point  to  which  the  water  can  rise,  is  to  be  placed  the  stage  upon  which  the  rods  or 
other  implements  are  to  be  put  together.  The  sheer  legs  or  frame  supporting  the 
boring  tools,  are  placed  immediately  over  the  guide-pipe,  care  being  taken  that  there 
be  sufficient  height  to  allow  of  the  easy  withdrawal  of  the  rods  composing  the  toolf, 
^-these  are  usually  made  from  10  to  20  feet  in  length,  l^yond  the  sheer  legs  are 
placed  the  crab  or  hoisting  machinery,  and  the  appliances  by  means  of  which  the 
percussive  action  is  communicated  to  the  difierent  tools.  The  latter  necessarily  differ 
according  to  the  nature  of  the  strata  to  be  traversed,  and  it  is  found  that  every 
contractor  modifies  them  according  to  his  own  idexis,  and  according  to  the  description 
of  i)ower  he  may  employ.  However  these  details  may  be  modified,  the  operations 
required  to  be  performed  at  the  upper  level  will  still  remain  the  same  ;  and  they  will 
consist  in  lowering  the  rods,  turning  the  augers  in  soft  strata,  impressing  a  percussive 
motion  in  harder  ones,  and  withdrawing  the  loaded  tools  or  buckets.  To  effect  these 
objects  satisfactorily,  will  require  great  skill  and  attention,  so  as  at  the  same  time  to 
secure  the  greatest  economy  and  despatch.  Indeed  there  are  few  branches  of  cngi. 
neering  practice  which  require  so  much  empirical  knowledge  as  the  boring  of  Artesian 
wells^  or  in  which  so  much  depends  opon  the  skill  of  the  contractor.  By  far  the  best 
work  existing  upon  the  subjeet  was  written  by  one  of  those  gentlemen,  ]^L  Degoust^ 
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and  it  would  be  impossible  to  refer  the  reader  to  any  work  more  likely  to  convey 
useful  and  practical  information  upon  the  aubject  than  his  '  Trait<$  de  TArt  des 
Bondages.*     M.  Kind,  a  German  Engineer  of  great  ability,   has,    it  may  be  added,  | 

introduced  some  modifications  of  the  boring  tools  by  means  of  which  he  is  able  to 
execute  with  great  rapidity,  and  at  a  small  cost,  deep  borings  of  large  diameter. 

In  consequence  of  the  improvements  introduced  of  late  years  into  the  execution  of 
Artesian  wells,  they  can  now  be  carried  to  depths  varying  from  1200  to  1600  feet  with 
tolerable  facility.     The  diameter  of  the  bore,  and  the  greater  or  lesser   degree  of 
hardness  of  the  rock,  will,  however,  a£fect  the  rate  of  its  progress,   and  conaequcntij 
its  price.     In  proportion,  also,  as  we  descend,  the  difficulties,  and  the  time  attending 
the  separate  operations,  and  the  increasing  danger  of  a  rupture  of  the  tools,  tend  to 
increase  the  cost ;  and,  moreover,  the  time  employed  in  lowering  the  tubes,  and 
the  precautions  to  be  observed  in  traversing  any  running  sands,  augment  as  the 
depth  increases. 

A  very  important  observation  is  to  be  made  with  respect  to  Artesian  wells,  namely, 
that  the  temperature  of  the  waters  they  are  likely  to  yield  will  be  found  to  be 
regulated  by  the  depth  of  the  water-bearing  stratum.  The  law  of  the  increase  of 
temperature  in  descending  below  the  surface  varies  in  almost  every  district.  Thus, 
in  Scotland,  the  mean  rate  of  increase  has  been  ascertained  in  the  carboniferous 
series  to  be  about  V  Fahrenheit  for  every  iS  feet  in  depth,  after  passing  the  point  of 
uniform  temperature.  At  Rouen,  in  the  chalk  formation,  it  was  found  in  one  instance 
to  be  1*8  for  every  67  feet  4  inches,  and  1*8  for  every  100  feet  in  another  ;  whilst  at  I 

Paris  it  was  carefully  ascertained  to  be  about  1*8  for  every  106  feet  of  vertical 
descent.     In  the  well  at  the  latter  town  the  temperature  of  the  water  was  found  to  [f 

be  very  nearly  that  which  would  be  indicated  }>j  a  theoretical  calculation ;  for  the 
latter  would  have  led  to  the  conclusion  that  it  shonld  rise  to  the  siir&ce  with  a  tern* 
perature  of  about  81°  96' ;  and,  in  fact,  it  rises  at  the  temperature  of  81*  81'  firom  a 
depth  of  not  less  than  1802  feet  English. 

The  practical  details  connected  with  the  execution  of  Artesian  wells  are  treated  of 
in  the  *  Elementary  Treatise  on  Well-Digging  and  Boring  *  already  alluded  to. 
A.b8orbing  wclLs.      In  many  positions  in  our  own  country  the  practice  of  sinking  dead  wells  for  the 
purpose  of  carrying  off  the  waste  waters  of  certain  factories  exists  very  commonly. 
They  are,  however,   limited  to  excavations  in  the  superficial  strata,  and  are  really 
nothing  but  shallow  wells  acting  in  an  opposite  direction  to  ordinary  ones.     This 
branch  of  engineering  has  escaped  the  notice  of  the  legislature,  like  so  many  others 
connected  with  wells,  and  there  docs  not  appear  to  exist  any  law  in  England  to  prevent 
the  evacuation  of  the  foulest  waters  by  means  of  dead  wells,  even  when  others  for  the 
supply  of  water  for  household  purposes  may  exist  in  their  immediate  vicinity,  and  be 
fed  by  the  same  stratum.     It  is  more  than  probable  that  the  contamination  of  the 
shallow  wells  observed  in  most  large  towns,  on  the  Continent  equally  as  in  England, 
may  be  attributed  to  some  such  action,  which  must  operate  with  a  rapidity  and  an 
intensity  proportionate  to  the  quantities  of  water  in  the  well  and  in  the  basin  receiving 
them. 

It  appears,  however,  that  the  injurious  effect  of  dead  wells  does  not  spread  to  any 
great  distance,  for  a  work  of  that  description  executed  at  the  Hospital  at  Bicetre,  by 
means  of  which  the  foul  waters  of  an  establishment  able  to  accommodate  4000  men 
were  made  to  descend  to  a  subterranean  stream,  did  not  affect  the  ordinary  wells 
supplied  by  that  stream,  unless  it  were  during  very  heavy  storms,  at  a  distance  of 
from  500  to  700  yards.  In  the  case  of  absorbing  wells  by  borings,  the  remarkable 
ascensional  power  of  the  water  also  seems  to  be  a  guarantee  against  its  being  con- 
taminated by  any  foul  waters  let  down  from  above.     The  danger  wonld  also^  in  all 
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probability,  be  less  if  they  were  made  to  descend  to  a  formation  bo  absorl)ent  and  at 
the  same  time  so  shattered  as  the  chalk,  particularly  in  its  upper  members.  In  some 
localities  wells  are  almost  unknown,  so  that  there  may  be  occasions  in  which  it 
would  be  advisable  to  adopt  this  means  of  removing  foul  waters,  even  should  the 
use  of  dead  wells  be  attended  with  serious  injury  to  the  public  health  in  other 
positions. 

It  has  been  ascertained  by  direct  experiment  that  any  description  of  well  can 
absorb  as  much  water  as  it  is  able  to  produce.  Thus,  if  a  boring  should  yield  50 
gallons  per  minute,  and  its  ascensional  power  cease  at  a  yard  from  the  ground,  if  the 
tube  be  prolonged  for  a  second  yard,  50  gallons  per  minute  may  be  poured  into  the 
tube  without  the  waters  flowing  over  the  orifice. 

If  a  boring  yield  50  gallons  per  minute,  and  it  be  desired  to  make  it  absorb  500 
gallons  in  the  same  time,  a  pump  able  to  remove  the  latter  quantity  is  to  be  set  in 
action,  and  notice  to  be  taken  of  the  extent  to  which  it  can  lower  the  water-line. 
Should  it  be  about  30  feet,  for  instance,  it  will  be  sufficient  to  lengthen  the  tube  of 
the  bore  to  a  height  of  30  feet  above  the  natural  water-line,  and  the  quantity  of  500 
gallons  may  be  poured  in.  Of  course,  if  the  water  do  not  rise  in  the  bore  to  the 
surface,  the  absorption  will  be  more  rapid. 

Absorbing  wells  may  be  either  formed  in  the  same  manner  as  ordinary  shallow 
wells  or  by  Artesian  borings.  In  either  case  it  is  advisable  to  exclude  surface  or  land 
waters  from  them,  and  they  should  therefore  be  close-atcined  or  piped.  Precautions 
require  to  be  taken  to  clarify  the  waters  as  completely  as  jwssible  by  deposition  or 
filtration  ;  in  fact,  the  solid  matters  in  suspension  must  be  removed,  or  the  absorbing 
faces  will  become  rapidly  choked.  It  is  easy  to  effect  this  object  by  forming  a 
reservoir  to  receive  the  waters  to  be  evacuated,  and  by  carrying  the  end  of  the  pipe 
some  height  above  the  bottom ;  the  deposit  in  the  reservoir  must  be  removed  before 
it  can  reach  the  level  of  the  entrance  of  the  descending  pipe,  and  it  would  certainly 
be  preferable  were  the  latter  covered  by  a  grating,  or  cap,  able  to  retain  the  grosser 
particles.  Should  the  absorbing  surfaces  become  choked,  it  is  easy  to  renew  them 
by  excavation  or  by  the  use  of  a  boring  auger  with  a  ball-clack.  But  however  well 
the  operation  of  cleansing  the  absorbing  faces  may  be  performed,  the  useful  action  is 
never  equal  to  that  which  originally  took  place ;  and  it  is  therefore  impossible  to 
dwell  too  forcibly  on  the  necessity  fbr  observing  the  greatest  precautions  in  preventing 
the  descent  of  any  solid  matters. 

One  of  the  most  useful  applications  of  absorbing  wells  would  be  for  the  purpose  of 
draining  clay  lands,  when  the  clay  is  of  moderate  thickness,  and  it  lies  immediately 
upon  a  permeable  substratum.  The  boulder  clay  of  Norfolk  and  Suffolk,  reposing 
upon  the  chalk,  may  be  cited  as  an  instance  of  the  description  of  formation  adapted 
to  the  application  of  this  method.  In  many  cases  it  will  be  found  more  economical  to 
sink  an  absorbing  well,  or  even  to  make  a  succession  of  small  borings,  than  to  execute 
a  great  and  expensive  out&ll-drain. 

Generally,  unless  the  spring  supplying  a  well  be  of  a  nature  to  maintain  a  constant 
flow  and  interchange  of  its  water,  it  must  always  be  borne  in  mind  that  the  latter  ia 
to  a  great  extent  stagnant.  Its  qualities  must,  therefore,  participate  of  those  of  all 
stagnant  waters,  and  as  such  be  more  or  less  objectionable  on  account  of  its  want  of 
aeration,  and  the  partial  decomposition  which  must  affect  them.  An  equally  important 
observation  is,  that  well* water  is  exposed  to  take  up  the  soluble  salts  contained  in  the 
materials  it  traverses.  It  is  indispensable,  then,  that  only  such  materials  be  employed 
as  are  not  likely  to  furnish  any  injurious  salts ;  that,  in  fact,  as  was  observed  in  the 
article  upon  the  *  Water  Supply,'  silicioos  stones,  or  hard-burnt  bricks,  or  iron  tnbes, 
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Z. 

7A(j'7»K(j, — An  in-ifigoificant  term  in  itself,  Vst  imi^'itanl  in  tlege  opentions; 

zig-zag  being  the  principle  on  vhich  the 
atuck  of  pUoes  ii  baaed  ;  and  tkis  mode 
of  approach  had  long  b-een  in  use  in  a  rode 
way,  until  perfected  br  Vaaban. 

Zig-zag  is  cut  only  the  proper  oonrie 
by  which  t}  advance  in  aieges^  bat  it  ia 
the  method  of  conneetiiv  the  parallels 
and  places  of  ann%  and  finally  arriTing 
at  the  close  of  the  aitadi  or  breaching 
batteries,  and  the  vork  ia  nsnally 
effected  by  Sap. 

The  object  of  making  aig-zag  a  special 
subject  for  the    '  Aidc-M£moire '  is  to 
soggest  the  application  of  this  mode  of 
advancing  to  irregular  attacks  of  posts, 
barriers,  and  stockades,  and  thus  saving 
many  valuable  lives,  with  the  loss  of  a 
▼cry  little  time;   and   by   taking  ad- 
vantage of  some  hollow  or  natural  cover, 
or  of   some  adjacent  building,    a  few 
Sappers  could  run  a  zig-zag  up  to  the 
work  in  two  or  three  hours,  under  the 
protection  of  muHketry-firo,  and  finally  place  a  quantity  of  gunpowder  for  forcing  the 
gate  (»r  barrier,  or  tho  doHtnictioa  of  a  stockade  or  other  slight  defence,  such  as  savages 
or  insurgcut  inhabitanta  throw  up  on  the  ipor  of  the  moment. 
The  following  example  will  show  how  this  idea  may  be  applied  : 
8upiK)sing  it  desirable  to  force  a  work  a,  an  approach  may  be  commenced  from  the 
hullow  D,  and  a  zig'zag  carried  up  to  the  eutianco  d,  forming  a  short  line  of  Sap, 
r  i>,  where  a  quantity  of  powder  could  be  fixed  at  the  point  d,  which  would  on  the 
expI(Hiion  enable  the  attacking  party  to  rush  from  the  hollow,  and,  taking  advantage 
of  tho  confusion,  carry  the  work.— Q.  Q.  L. 
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Parapet,  ii.  18,  iii.  83 
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Pauage  of  Rivers,  iii.  33 
Pendoliim,  iiL  81 

,  BaUUtic,  ui.  87,  156 

,  Compensation,  iii.  86 

— — — — ,  Electro  ballistic,  iii.  158 

,  Gh:aJiam*8  Mercurial,  iii.  86 

,  Harrison*!  Gridiron,  iii.  86 

-,  Musket»  iu.  87 


Penetration  of  Projectiles,  iiL  93 

— — —  of  Armstrong  guns,  iii.  107 

Permanent  Fort,  iL  80 

-^— Fortification,  ii.  81 

Oren,  ii.  585 

Petard,  iii.  108 

Petrifaction,  or  organic  remains,  ii.  118 

Pierriers,  or  Stone  Mortars,  i.  97 

Piers  of  Bridges,  iiL  60 

Pile  Bridge,  L  192 

Pipes  for  conveying  water,  iii.  752 

Pisd  huts,  iL  297 

Platform,  Alderson^s,  L  146 

,  cast-iron  Traversing,  i.  290 

,  Madras,  L  146 

Platforms,  Field,  iL  26 
Platinum,  ii.  146 
Pliocene  Formation,  ii.  1G5 
Plutonic  Rocks,  u.  142 
Points  of  RaUways,  iiL  22S 
Pontoon,  iii.  135 

bridge,  L  178 

,  Blanshard's,  i.  178 

■,  Canvas,  ii.  137 


,  India-rubber,  iii,  41 
Porphyry,  iL  143,  179 
Portable  Observatory,  ii.  473 
Portfires,  iiL  181 
Position,  Artillery  of,  i.  52 

,  MiUtary,  i.  25,  iii.  137 

of  batteries  at  a  siege,  i.  93 

Positions,  retrenched,  iiL  138 
Posts,  attack  of,  L  101 
Powers  of  the  horse,  ii.  264 
Precautions,  defensive,  i.  283,  287 

— — against  fire,  L  637 

Principles  of  attack  of  fortresses,  L  75 
Prisons,  Military,  iii.  142 
Projectiles,  Theory  of,  iii.  153 
Provisions  for  a  Siege,  L  261,  280 
Pmssian  System,  ii.  48 
Puddling  of  CanaU,  iu.  298 
Pumps,  iii.  722 

,  Air,  i.  365 

Pyrotcchny,  Military,  iii.  170 
Pyroxyle,  iL  206 

Qualifications  of  engine  drivers,  &c.,  iii. 

635 
Quarry,  iiL  195 
Quaternary  Formations,  ii.  1 GS 

Raft  Bridge,  i.  192 
RaUroad,  iii.  201 

gauge,  iii.  203. 

Railway  levellmg,  IL  332 


Railway  signal,  iii.  232 

traffic,  iiL  246 

Carriages,  Waggons,  &c.,  iii.  233 

Points  and  Switches,  Turn-tables, 

&c.,  iii.  228 

,  Strength  of  iron  for,  iii.  220 

Railways,  American,  iii.  247 
Reconnoitring,  iii.  250 
Red  Sandstone,  ii.  149,  155 
Redoubts,  iL  8,  21 
Relays,  electric,  iii.  677 
Reports,  Military,  iii.  257 
Re8er?e,  Artillery,  i.  49,  429 
Reservoirs,  iii.  300,  756 
Resistances  on  railways,  iii.  241,  513 

on  broad  gauge,  iii.  515 

■  of  blast  pipe,  iiL  525 

,    Tables  of,  iiL  527— 534 

Retreat;}  in  military  operations,  L  27 
Reti*enched  position,  iiL  138 
Revetments,  Demolition  of,  i.  324 
Revetting,  batteries,  L  143 
Rheostat,  ii.  82  ;  iiL  691 
Ricochet,  L  96 

batteries,  L  29 

Rifle,  iL  442 

fire,  iiL  107 

River  Navigation,  iii.  258 
Rivers,  Passage  of,  iii.  33 
Roads,  iL  23 ;  iii.  326 

,    Construction  of,  iii.  351 

,   Maintenance  of,  iiL  357 

,   Rolling,  iiL  371 

,    Section,  iii.  345 

,    Tracing  of,  iiL  326 

,    Watering  of,  iii.  863 

Rockets,  L  433 ;  u.  429  ;  iu.  184,  376 
Rocks,  Phenomena  of,  ii.  99 
Rope  Bridge,  L  188 
Route-marcbing,  i.  507 
Ruhmkorffs  Coil,  ii.  88 

Sandstone,  Old  red,  ii.  149 

,  New  red,  ii.  155 

Sanitary  Precautions,  iiL  330 

Sap,  iiL  3S1 

Scaling  Ladder,  L  485 

Scarping,  ii.  28 

Science  of  War,  i.  1 

Sector  Observations,  iii.  586 

Sedative  mass  for  horses,  ii.  283 

Seri>eutine  Rocks,  ii.  179 

Sheers,  i.  334 

Shot  Furnace,  ii.  68 

Ciarland,  iii.  393 

Shrapnell  Shells,  or  Spherical  Case,  iii. 

394 
Shutters,  Embrasure,  iii.  896 
Siege  Artillery,  i.  47 

and  Engineer  equipment,  iii.  410 

Artillery  equipment,  i.   428,  443, 

451 

Batteries,  i.  133 

,  Eml^arking  Stores  for  a,  L  847 
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Siege,  Boginecr  Storet  for  a,  L  72 

^  Irregular,  iii.  409 

,  Number  of  Troops  for  a,  i.  70 

— -,  Number  of  Officers  of  Engineers 
for  a,  i.  71 

Operations,  L  70 

Operations  in  India,  iiL  396 

-,  State  of,  i  262 


Signal  Bockets,  iii.  186 

Silurian  Bodes,  iL  148 

Sketches,  Field,  i.  618 

Slow-match,  iiL  181 

Sluices  and  OTerflows  in  irrigation,  ilL 

716 
Smee*s  Voltaic  Battery,  L  892 
Sod-work,  iii.  413 
Spar  Bridge,  L  192 
Spontaneous  Combustion,  L  226 
Springs,  Theory  of,  iL  184 
Stables  for  horses,  iL  274 
Staff,  iiL  418 

SUtions,  Bailway,  iiL  229 
Statistics,  iii.  418 
Steam  CiTil  Engineer,  i.  421 

,  the  properties  of,  iiL  425 

converted  from  water,  iii.  426 

•— ^,  mechanical  effects  of,  iiL  429,  432, 
436,  446 

f  working  duties  o^  iiL  497 

Engine,  iii.  424 

LocoraotiTe,  iiL  485 


. for  pumps,  iiL  467 

Stockade,  u.  19;  iiL  508 

,  Demolition  o^  iiL  109 

Stone  Bridge,  iii.  65 
Strategics,  L  5,  7 
Stratification  of  Rocks,  ii.  106 
Street  Fightiog,  iii.  569 
Submarine  Telegraph,  iii.  653 
Supply,  Water,  iii.  742 
Surcharged  Mines,  ii.  3 SO 
Surveying,  iii.  576 
Swimming,  iii.  600 
Switches,  llailway,  iii.  223 
Swivel  Bridge,  iii.  76 
Syphon  Bridge,  iii.  750 
System  of  CTountcr  Mines,  iL  385 

• ,  Carnot's,  ii.  46 

,  Chasseloup's,  ii.  40 

,  Coehom*8,  ii.  37 

— ,  Dufour's,  ii.  42 

,  French  or  Bastion,  ii.  39 

,  Montalembert's,  ii.  44 

,  Prussiau  or  German,  ii.  48 

Systems,  relative  valuo  of  the,  ii,  59 

Table  of  Ordnance  Ammunition,  i.  32 

Small-arm  Ammunition,  L  34 

Artillery,  i,  60  ;  ii.  551 

Engineer  Stores  for  a  Siege,  i.  70 

details  of  Blanshard^s  Pontoon 

Bridge,  i.  160 

weight  and  strength   of   cables 

and  hawsers,  i.  200 


Table  of  dimensions  of  gun  and  limber 
carriages,  L  212—218 

dimensions    of  marqaeea    and 

tents,  L  222 

ammunition  and  stores  for  de- 
fence of  coasts,  L  294 

-  charges  for  demolition  of  woiks, 

L  806,  882 

equipment  of  Artilleiy,  L  435— 

456 

Naval  equipments,  i.  459 

musket-ball  cartridge  equipment, 

L  483 
■      length  ofpaces  and  rates  of  march 

of  armies,  L  511,  514 
tools  required  in  mining  opeia- 

tions,  ii.  865 
comparative  effect  of  mines,  iL 

419 
Geological  Formations,  iL  125; 

m.  2 

Fosuls,  iiL  4 

weight  of  iron  careanes,  iiL  179 

dimensions  of  wooden  luxes,  ilL 

179 

cost  of  railways,  iiL  205 

traffic,  iii,  207 

angles  of  slopes  of  railway  cat- 
tings,  iii.  210 

cubical  cutting  of  raUwayi^  iiL 

212 

cost  of  railway  stock,  iiL  2SS 

elastic  force  of  steam,  iiL  288 

form  of  Reports  for  BeooosA* 

tring,  iii.  255 

the  principal  reservoirs  for  eansls 

in  France,  iii.  304 

'  inclination  of  roadi,  iiL 

337,  845,  846,  847 

cost  of  roads,  iiL  368 


War  Rockets,  iii.  877 
expenditure  of  Engineer  Stores  st 

the  siege  of  Hooltan,  ilL  403 
expenditure  of  shot  and  shell  at 

Mooltan,  iii.  404 
stores   required  for  a   siege  in 

India,  iiL  406 
■^  for  a  company  of  Royal 

Engineers,  411 
areas  of  pistons  of  steam  engines, 

iu.  472 
escape  of  steam  in  locomotives, 

iii.  500 
anemometers,  i.  40 
dimensions  of  boats,  i.  168 
sizes  of  casks,  i.  191 
charges  of  mines  in  different  soils, 

u.  423 
resistance  on  railways,  iiL  527 — 

534 
cast-iron  pipes  for  water  supply, 

111.  753 
strength  of  wire,  645 
fall  of  rain  in  England,  ii.  349 
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